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Edward Natapei
Prime Minister of Vanuatu

As an island state, Vanuatu has a biodiversity that is unique in many ways, with many ende
mic species of fauna and flora. The Government of Vanuatu, through its Ministry of Lands
and Natural Resources, which is responsible for biodiversity management, has given its full
support to the Santo Global Biodiversity Survey. We, the people of Vanuatu, are grateful to
the expedition team for conducting this research on an island of our country. We live in a
world where development is accelerating to the detriment of the biodiversity. Vanuatu is not
immune from that, and this is why, as unique as we are, we are urged to know what our
biodiversity has to offer to the world.

This biodiversity expedition conducted on the largest of the Vanuatu Islands has shown us
how much species bounty a single island can hold. This makes us wonder how much there
is in the whole of the archipelago. Today we have a book that all Vanuatu citizens can be
proud of. This book will not only make Vanuatu known to the world of science, it will also
make Vanuatu known to the rest of the world. The results produced in this book will not
only help the country move forward in establishing its long term planning and policies, but
it will also help us to respond more dearly to international requirements and reporting as
requested by the international community as a whole.

Beyond contributing greatly to knowledge of the whole of Vanuatu in terms of its biodi
versity, The Natural History oJ Santo will also impact education. It will be used as a mean of
thought to our present but mostly to our young generations for their learning path, and will
boost their interests in taking up studies in the field of sciences.

It is with great honour and on behalf of the people of Vanuatu that I would like to thank all
the Santo 2006 expedition team for producing such a state of the art book that will contri
bute immensely towards the development of Vanuatu as a country.
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The Natural History of Santo: An Attempt to
Bridge the Gap between Academic Research
and Conservation and Education

When the description of the gecko
Lepidodactylus buleli was published
in October 2008, one of the jour
nalists that reported the discovery
in Vanuatu entitled his press release
"Better later than never". Yet, less
than two calendar years had elapsed
between the collecting of suspect
eggs in the forests of Penaoru, their
rearing in captivity by reptile buffs,
the recognition of a new species and
its description by lvan Ineich, and
finally its publication in the research
journal Zootaxa. To an academic
research scientist, this was a remark
ably swift sequence of events. To a
lay person, this is an agonizingly long
period of time. We live in an age
of immediacy, and the journalist'S

"Better later than never" epitomizes the difficulty
in reconciling the pace of academic research with
that of environmental decision-making.

Historically, the time-proven approach to doc
umenting biodiversity is undoubtedly that of
taxonomical inventories. Taxonomists travel the
world to discover species, document where they
live, name them and establish their classification.
To a taxonomist, "every species counts". They
return to their "home" institution with specimens
of taxa that have attracted their attention for one
reason or another (suspected new species, rare
or seldom seen species, population with unusual
variation, etc.).
After two and half centuries of such explora
tion, taxonomists have successfully documented
around 1.9 million species, and continue to
describe new species at the pace of 17000 per
year. By the end of the 19th century, the big pic
ture of biogeographical realms was already clear:
the "Southern Seas" formed a single biogeograph
ical marine province (part of the vast ludo-West
Pacific region), while each island or island group
was rich in terrestrial endemics.
The quest to delineate the finer details of this
big picture continues to this day, and the Santo
2006 Global Biodiversity Survey was part of this
long tradition. But we now live in an age of

environmental anxiety, and taxonomists are not
good at delivering in a timely fashion facts and
data that are meaningful for nature management
and conservation.
Taxonomists are obsessed with species and their
names, and they consider their work "done" only
when the last specimen of the last sample has
been bestowed with a species identification. As a
result, it takes years - many years - for taxono
mists to deliver their findings: this time lag is part
of what has been called the "taxonomic impedi
ment". Ten years, even five years, is not a time
frame that fares well in our age of immediacy:
managers, funding bodies, decision makers, like
to have "immediate" results.

These limitations of taxonomical work have
paved the way for a new approach to biodiver
sity research and monitoring, i.e. biodiversity
assessments. Conservationists need "immediate"
science-based facts to inspire decisions and policy
on land and sea use and management. But con
servationists are daunted by the magnitude of
the biodiversity they want to highlight, promote,
and conserve. The "taxonomic impediment" is
real. As a consequence, biodiversity assessments
focus on a few selected taxa for which there is
the knowledge and work force to identify them
on the spot: birds and mammals, trees, reef corals
and fishes, and, at best, a handful of charismatic
invertebrates such as butterflies and dung beetles.
The term Rapid Biological Assessment has been
coined for this approach. Typically, conservation
ists leave the field with "data" and species lists for
selected taxa, and (very) marginally with speci
mens. On a global scale, the Rapid Assessment
approach has been successful in highlighting
areas of conservation interest, in raising and
disseminating environmental awareness, and in
bringing together the worlds of public agencies
(the World Bank, USAID, etc.), private funding
(corporate and foundations) and public opinion.
But Vanuatu does not have any of the charismatic
vertebrates that, elsewhere, are the flagships of
conservation (e.g. primates, cats, or even croco
diles), and this may be the reason why none of
the major international NGOs are currently oper
ating in the country.

The present introduction is adapted from:
BOUCHET P, LE GUYADErH. & PASCAL 0.2009. - The SANTO 2006 Global Biodiversity Survey: an attempt
to reconcile the pace of taxonomy and conservation. Zoosystema 31(3): 401-406.
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Introduction

Yet, serious science-based conservation in the
South Pacific cannot afford to ignore, e.g., the
snails, the weevils or the geckos, all of which
have astonishingly high levels of single-island or
island-group endemism, and are threatened by
loss of habitat and the spread of aliens.
It is. precisely this gap between academic biodi
versity exploration and operational conservation
that the Santo expedition has attempted to bridge.
In this, The Natural History of Santo was inspired
by Tony Whitten's Ecology of Indonesia series. To

a large extent, it is the book we all would have
liked to find at the onset of the expedition. Our
ambition is that it will emulate companion vol
umes throughout the South Pacific, and stimulate
awareness of, and interest for, the "neglected"
components of biodiversity.

Philippe Bouchet, Herve Le Guyader, Olivier
Pascal
Directors, Santo 2006 Global Biodiversity Survey.
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in the South Pacific
Benoit Antheaume

Previous ly know n as the An glo
French Condom in ium of the New
Hebrides set up in 1906 , Vanuatu ,
"Our Land Forever" , is one of the
newest sove reign sta te in th e wo rld ,
born in 1980. Broadl y Y shaped , the
Vanuatu arc h ipelago is made of 13
principa l an d many sma ll islands ,
ex tend ing from North to Sout h for
about 8 50 km in th e Sou th-West of the
Pacifi c Ocean. Vanuatu covers a land
area of 12 190 km2 and an Exclusive
Economic zone of 68 0 000 km 2 Wi th
Papua New Guinea , the Solo mo n

Island s, New Caled onia an d Fiji, Vanuatu belongs
to th e su bregion of Ocean ia ca lled Melanesia ,
"blac k islands", disti nct from Polynesia, "multi
ple island s " and Micronesia, "very sma ll islan ds",
which are the three main an thropo logica l group ing
of islands in the South Pac ific.

Loca ted 800 km west of Fiji and respectively 540
and 1 770 km east of New Caledonia an d Aus tralia,
th e arc h ipe lago of Vanua tu is made of ru gged
mountains , plateaus, coastal terraces an d offshore
coral reefs . With 35 % of the land above 300 m and
the highest mou ntain (Mt Tabw em asana, 1877 m)
on Espiritu San to, the largest island , it sh ows tha t
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Vanuatu in the South Pacific

Vanuatu consists mai nly of high islands, an d counts
no atolls excep t in the North (Reef Island) and in
the South (Aniwa ).
Active vo lcanoes are to be foun d on the islands
o f Tanna (Mt Yasur) , Ambrym (Mt Benb ow and
Mt Mariurn) ,Matthew and Hunter, no twiths tanding
several subma rine volcanoes . Because Vanua tu is
located on the margin of the Pacific plate where it
collides with the Indo-Australian plate, the country
experiences significant seismic activi ty, with earth
quakes of a magnitude up to 7.4 in 2010.

Vanuatus climate is trop ical (from wet in the North to

sub -tropical in the Sou th) . There are severe cont rasts
betwee n seasons: May to October being the dry season
with fresh south- easte rly b reezes pro ducing fine days
and cool nights ; November to Apri l being the wet
season , when higher temperatures, heavy rain s and
occasio nal cyclones are experienced . Average rainfall
is over 2 m in Port Vila and over 3 m in Luganvillel

Main ly Melanes ian, the people of Vanua tu (ca lled
Ni-Vanua tu or, sim ply, Ni-van) speak more than
100 languages, bes ide Bislarna, a pidgin which is a
national official language beside English and French .
Just before becoming Vanuatu , the population of
the New Hebrides accounted for 110000 in 1979.
Th e end -year 2009 estimate gave the population of
Vanuatu as 243000, an increase of 54000 over the
total of 186 000 estima ted in 1999 , itse lf an increase
of 44000 over the estimate of 142 000 in 1989. Some
76 % of the total pop ulat ion ofVan uatu was recorded
as residing in rural areas in 2009 , com pared to 78.5
in 1999 ,82 % in 1989 and 84 % in 1979. Almost 50 %
of all agric ul tur al household mem bers in Vanuatu
are less tha n 20 years old , 44% being bet ween 20
and 59 years old.

The GDP (Purchase Power Parity) was in 2009
about US$ 4 700 per capi ta. The four pilars of the
Vanuatuan economy are agriculture, tourism, offs
hore financia l services, and cattle raising . Vanua tu
cons titution rule s lan d rights : "All land belongs to the
ind igenous custom own ers and their descendants",
mak ing adjus tmen ts for foreigners and expatriates
through a leasing sys tem under governement control.
Agriculture remains a very important sec tor of the
eco nom y of Vanua tu . Household inco me from agri
culture comes mainly from crop gardens an d some
cash crops. Exports are made up mainly of agricul
tural prod uc ts (abou t 73 % of the total exports in
2007). Expo rts are dominated by copra, kava, coffee
and beef, and sometimes cocoa and timber. But the
level of production and exports have varied consi
derab ly over the years . Value for imported rice and
whea t flour in Va nua tu has more than dou bled over
the last ten years, meani ng imported food is covering
by now 27% of the nu tritional needs of the whole
populatio n, even if mar ket gard ening is developing
in the peri-urban areas of Vila and Luganville. As a

Figure 2: The archipelago of Vanuatu extends over 7 degrees
of latitude and is bordered to the west by the New Hebrides
Trench. Source: GeoMapApp, http ://www.geomapapp.org.

consequence , externa l trade is totally imbalanced , the
value of imports outnumbering the value of imports .
Tourism brings in foreign exchange , as Vanu atu is
wid ely recogn ized as on e of a pr emium vacation
destination . Foreign visi tors were close to 200000
in 2008 , a sharp increase from 2000, when there
were only 57000 touris t arr ivals.

Under the Angle-French ru le, the condominium
was divided in to fou r Districts (Sou thern , Centra l
No. 1, Cen tra l No. 2, Northern) each un der the joint
charge of a Fren ch and a British agent, Port Vila and
Luganville having their own town advisory board .
Five years after New Hebrides became Vanuatu ,
Distr icts were replaced by eleven Local Governement
Councils, with the amb ition that local contro l wou ld
solv e the injusti ces and imba lances of the pas t, and
shape more appropriate dev elopme nt s tra tegies
targeted at , and implemented by, the local people
under the central governmen t's supervision. In 1994,
Counci ls were replaced by six Local Government
Provinces (Tafea, Shefa, Malampa, Penama, Sanma ,
Torba) with the view, on ce again , tha t the local peo 
ple shou ld be involved in local development.
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Biodiv ersit y Infor mation Facility (GBIF) .
Vanuatu, th e Solomon Islands , the Bismarck and
Admiralty Islan ds (Pap ua New Guinea) constitute
Conservation lnternationars Eas t Melanesian Islands
Biodiver sity Hot s pot (Fig. 4, below). Together
with So lom on 's Santa Cruz Islands (Ternotu
Pro vince) , Vanua tu also cons titu tes one of Birdlife
International's Ende mic Bird Area .

Figure 3: Adm inistrative divisions of Vanuatu . The province of
Sanma derives its name from th e islands of SANta and MAlo.
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In terms of int ernati on al biodiversit y networks and
co nve n tio ns , Vanua tu is a member of the Secreta ria t
of the Pacific Region al Enviro nme nt Programme
(SPREP; h tt p://www.spre p.orglmembers/ ma p. htm) ,
or Programme Regional Ocealliell de l'Environnement
(h tt p ://www.sprep.o rgfFra ncaisIPROE .htm) .
Vanuatu is, since 1989, a Co ntrac ting Part y to the
Convention on the Int ernation al Trade in Endangered
Species of Wild Fauna and Flor a (C ITES; http://www.
cites.orgl). Vanuatu also rat ified the Convent ion on
Biological Diversity in 1993 (h ttp://www.cbd .in tl
countries/zcountry-vu) , under which it com ple ted
its National Biodiversity Conserva tion Strategy in
1999, and su bmitted its Th ird na tional report in
2006. Vanua tu is no t ye t a co ntrac ting part y to the
Ram sar Co nventio n on We tlands, no r to the Globa l

The Republi c of Vanua tu is a parliamentary demo
cracy, with Presiden t, Prime Minister and Parliament.
Besides national autho ri ties, Vanua tu also has high
placed peopl e (ch iefs and leaders) at the village level,
giving a sense of place to the locals as Vanua tu gove r
nement is still believing in community-based develop
ment. The cons titution provid es for the establishmen t
of village courts to deal with ques tions of cus tomary
law. The constitution also gives clear recognition to
the rights and int eres ts of tradit ional landh old ers,
who remain the principal managers and users of bio
logical resources and syste ms in Vanuatu,

Vanuatu has joined several multinati onal institu
tions. Since 1980 , Australia , th e United Kingdom
(u nt il 2005 ), France, an d New Zealand have pro
vided the bulk of Vanuatu 's development aid.
Howeve r, more recentl y China has been pr ov iding
increas ing am ou nt s of aid bu t Aus tra lia is s till pro
vid ing most of th e ex ternal ass istance .
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Quaternary Reefs
Guy Cabioch & Frederick W. Taylor
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The Vanuatu island arc, at
the convergen t bou nda ry o f
th e Aus tra lia n a nd Pacific
pla tes , is charac ter ized by
some u ncommon features in
its central part. The cen tral
part o f th e Vanua tu arc is
cha rac terized by the abse nce
of a physiograph ic tr en ch
where ridges and seamou n ts ,
the d'Entrecasteaux zo ne in
particul ar, inter se c t the a rc
and are subd uc ted . Moreov er ,

th e islands of San to an d Mal ak ul a occur
anomalou s ly close to the plate bou ndary
and u ndergo rapid Holocene uplift ra te
up to 5 .5 m m .yr! at so uth-w es t Santo and
up to 3.4 mm .yr! in northern Malakula.
Ano the r charac ter is tic is th e presence o f
three parallel chains of is lands:

• The western c ha in (Santa a n d
Malaku la) ;
• The ce n tral chai n co rrespo nding to
active volcanoes (Aoba and Am b rym):
• The eastern cha in (M aewo an d
Pentecost).

Eastern and sou the rn San to is covered by
a series of raised reef terraces . The eas t
ern part is topped by a broad re ef p la teau
(Fi g. 5) . Several s tudies of these terraces
have inves tiga ted various asp ects o f th e
island 's neotectonics and pal eocl im at e.

Figure 5: A: Location of uplifted coral reefs in Santo
and location of the sites quoted in the text. B:
Holocene uplift rates along the south coast of Santo
(modified after Taylor et al. 1980).

NEOTECTONICS

Cor al reefs can be used as recorders o f neot ectonic
movem en ts. (Fig. 7) . Most previou s s tud ies devot ed
to co ral reefs in Vanua tu were publ ished in the 1970s
and 1980s on this top ic. In Santo , the uplifted coral
reefs mainly occur in th e eastern half of the island
offlapp ing broa d plateau x an d in the so u th includ ing
the island s of Aore , Malo , Araki, Tangoa and Urelapa

(Figs 5 & 8) . The altitude of these terraces reach es a
ma ximum of 784 m at Mt Tankara in the cen ter of the
island . Gene rally, their al titude increases to the wes t
and reveals a tilting down to the east. Th e Holocene
uplift rat e displays a maximum of - 6-7 mm. yr' just
west o f Tasmalurn and decreases both to the wes t and
the cas t (Fig. 5) .



Espirilu Santa inSpace andTime

Ura n ium-se ries and He dating o r both s ubsu rface
and surface sa mples provides informati on on the
tectonic beh avior recen tly ana lyzed and in terpreted
by Taylor and coa u thors in 2005 . Sever al sites from
west to east were exami ned incl udi ng Tasmalu rn,
Araki Island , Urelapa Island , Tomebou Hill an d
Malo Island (Fig. 5) .

At Tasma lurn, the 6 ka (l ka =1 000 yea rs) mid-Ho
locene red flat is a t an altitude or 35 m (Fig. 6A)

ind ica ting an uplift o r 5.5 mrn.yr' . Behind th is
red flat , two co rals lrom a terrace extend ing in
a ltitude from 35 to 45 m are da ted as 210.9 to
222.1 ka , (Fig . 6) . Th e highest red terraces behind
Tasma lu m, reach ing abo ut 400 m eleva tio n , are
though t to be in the 100- 130 ka age range by cor
relatio n to dated localit ies on Araki Island, Malo
Island , and so u theastern San to . Th is olde r red co r
resp onds to the in terglacial sea level high stand ca l
led Marine Isotope Stage (MI5) 7c (216 ka) when

Sea-level history of the last 240 ka
(modified after Waelbroeck et al. 2002)
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Figure 6: Subsidence-uplift cycle in Santa. A: Tasmalum site. B: sites of Urelapa Island and Tamebau Hill (figure after Taylar et al.
2005).
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Figure 7: Porites microatoll, mark er of sea-level providing evidence of uplifts.

sea- level was at an elevation similar to present.
Th is reef grew before the younger MIS 5 reefs were
uplifted to an alti tude of 400 m. Tak ing in account
that the MIS 7c an d MIS 5 reefs formed at a sea-le
vel simi lar to the presen t, the 216 ka reef must have
su bsid ed at least of 350 m by the tim e the MIS 5
reefs form ed in order for them to now be separated
vert ically by 350 m. Such a su ccession is typical of
a subs iden ce-uplift cycle .

Co ra l dating both in cores from Urelap a Island
and Tomebou terraces which share a Holocene
uplift ra te o f -3 mrn. yrJ , reveals the existen ce
of th e last deglacia l seq uence ( the las t 23 ka )
exten di ng from +20 to -55 m (Fig . 6B). Below this
sequen ce and deeper th an 55 m , cora ls are dated
of 288 .4 ka, 333 ka and 412 ka a t -58 m , -64 m
and -75 m, respectively. Th e flank s and to p of the
220 m flat -topped hill o f To mebou is dat ed o f 37
and 38 ka at 41 m , 160 and 176 ka at 160 m and
149 ka at 220 m , resp ecti vely. The cor als below
th e m odern reef at Urelapa corre spond to the MIS
9 to 11 (290 to 330 ka and 410 ka res pectively) .
Assum ing tha t these corals grew whe n sea level
was in the 23 ka to present range of -125-0 m ,
then th ey have unde rgo ne a min imum su bsidence
o f a t least 150-300 m of these 300-400 ka ree fs to
explain their positio n below th e modern reef and
th e occu rren ce of th e 130 ka reef at +220 m . Th is

Figure 8: Coral terraces from Araki Island, South of Santa.

scenario also su pports th e ex istenc e of cycles of
su bside nce and uplift.

Th ese data indicate that Santo rap idly subsided at
least once during the pas t 400 ka before being uplif
ted during the last 100 -120 ka . This Late Quaternary
cycle of uplift and subsidence occurs over one or two
hundred thousand years . Subsid ence and up lift of this
large area on a 200 ka timescale might be explained by
impinging seamounts and ridges that greatly increase
frict ion between the subduc ting plate causing upli ft.
Wh en the impinging objects break or are subductecl ,
subsidence of the uplifted areas may follow.
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THE MODERN REEFS
Studies of modern and living cora l reds in Van uatu
remain rare . In 1974, Guilcher analyzcd the mor
ph olo gy o f the coral reds and definecl the Cringin g
an d op en-sea reefs as primary typ es. In 1990, Verori
reco gn ized about 62 genera and 296 herrnatypic
coral species in Vanuatu, In 1990, Done and Navin

stu died habitats of the shallow wa ter com mu ni ties o f
ma ny coral reefs in different islands including Santa .
From their study on reef zonation , they observe d
marked differences in the assemblages between the
ocea nic exposed reefs and the sheltered reefs and
they recognized four typical assemblages :
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Figure 9: Biofacies of the 23000 years old reefs from Tasmalum and Urelapa (adapted from Cabioch et al. 1998, 2003) .



• In th e outer reef slopes , the biological comm u
niti es are characterised by abundant coralline
algae and robust-b ran ching cora ls (Acropora
spp. and pocilloporids) in the reef cres t zones
and by massive and branching cora ls including
Diploastrea heliopora and Goniopora spp. in the
stee p slopes.
• Th e she ltered parts of ou ter reefs are cha rac
terized by var ious spec ies belon ging to Acropora
and Montipora.

The NaturalHistory of Santa

• Open em bay m en ts ar e cha rac ter ize d by
massive do mal Porites spp . acc ompanie d by
Acropora spp.
• In the she ltered ernbayrnents , soft cora ls are
dominant acco mpanied or nor by domal Po rites
spp. Various branching forms of Acropora and
Porites were also observed .
See also th e chap ter by Payri an d coau thors in
thi s volume .

REEF DEVELOPMENT DURING THE LAST DEGLACIAL SEA-LEVEL RISE
(THE LAST 23 000 YEARS)

The mo dern coral reefs of Santo is pri mar ily a result
of their growth during th e last 23 000 years . This
period is marked by th e sea -level ris e from abou t
-120 m to the present sea sur face as a co nseque nce
of the melting of cont inental ice sh eets in the polar
zones . Duri ng th is sea -level ris e covering the last
23 ka , some br ief period s of accelerated sea-level
rise occurred (Fig. 9). Th ese even ts , int erpreted as
accelerat ed ice cap melt ing are still deb ated , but are
called meltwater pul ses (or MWP ) and observed at
around 14 ka (MWP- IA ) and 11.3 ka (MW P- I B).
Species iden tifications of corals and coralline algae
are used to reconstruct th e succession of th e past
reef environments. Th e eco logical significan ce of
these organ isms must be be inferred by compa rison
with th eir mod ern counte rpa rts because th eir typi 
cal depth ranges vary in resp onse to local eco logical
conditions particularly wave energy and irradiance.

In Santo , the growth of two modern reefs was
investigated by drilling (see location in Fig. SA).
Severa l co res ranging in age from present to 24 ka
were recovered in an ocean ic expose d reef and a
sheltered reef at Tasm alum and Urelapa, respec
tively. Th e Tasmalum area, in south-west San to,
underwent rapid uplift o f 5.5 rnm.yr' (Fig. 5B).
The mod ern fringin g cor al reef is narrow and cha
racterized by reef fronts very clos e to th e shores .
Inland a series of several narrow and broad terraces
bordered by more or less st eep slopes term inate at
an altitude of 35 m. At this altitu de th is terra ce is
the broadest and dated at 6 .6 ka by Gilpin in 1982
and 7.1 ka by Bloom and Yone kur a in 1985 .

Offshor e from the sou theas tern coast o f Santo ,
Urelapa is an islet uplifted a t a rate of 3 mrn.yr!
(Fig. 5B). Urelapa is surrounded by a cont inuous
narrow frin gin g reef cha racte rize d by s tee ply
sloping forereefs very close to the shores.

The development of th e Tasmalum reef is charac
terized by several stages (Fig. 9):

• A low er unit, from 24 to IS ka , co mp osed
of fine ske letal detrita l faci es and robust-bran
ching ac ropo rids .

• A middle unit, from IS to 10 ka, composed
usually of a higher proportion of framework facies
dominated by the robust branching assemblage
indi cating another shallowing up sequ ence.
• An upper unit , from 10 to 6 ka , domin at ed
by a m ixt ur e of th e robust branching ass em
blage with foli aceous corals typical of dee
per waters. This unusual mi xture of shallow
and deep coral asse mblage s may be du e to
do wn-slope transport o f cora ls during se is
mi c events and , it appears therefo re , that th e
robust-branch in g corals in this facies could
be reworked. This may be a peculiarity of reef
development on uplifting coa s ts. Another
cha rac te ris tic is th e occurrence o f mi crobia
lit e crus ts .
• From 6 ka to Present , reef gro wth is mark ed
by a successi on of emergence even ts resulting
from the combination of sea-l evel stabilizaticn
and incremental uplift movem ents .

In co res drilled a t Urelapa , th e reef develo pm ent
is characterize d by two stages as observed in th e
co ra lgal assemblages (Fig. 9):

• From 23 to 11.5 ka , by a bra nchi ng coral facies
of Acropora spp., various sm all co ral buildups
including Iavids , and en crusting coralline algae
charac teristic of medium to high ene rgy concli
tions clos e to th e sea surface.
• From 11.5 to 6 ka, by domal coral facies
including Pontes spp . accompan ied by occa
sional branching cora l forms, usu all y reflect ing
more sh elt ered habitats a t 10 to 20 m depth .
Occu rr ence of plan -lami na r microbialites ,
espe cially abundant at the top of sequences ,
from around 12 ka to around 6 ka , provides
evidence of reef grow th in sh eltered environ
ments on relati vely deep er slopes . The su c
cession of two types of cora lgal ass emblages
indicates a variation in gro wth mode, whi ch
can be subdivid ed into a keep-up growth mode
from 23 to aro u nd 11.5 ka and a catch -u p
growth mode from around 11.5 to 6 ka. Suc h a
cha nge probably indicates globa l pal aeo ceano
graphic cha nges .
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ROLE OF THE SUBSTRATUM IN THE INITIATION OF CORAL REEFS
At Tasmalum, reef growth in itiat ed during the gla
cial period, older tha n 24 ka and probably as old
as, at least, 30 ka, on a thi ck de posit of bioclastic
sa nds and gravels ric h in benthic foraminifer ids ,
mollusc debris , an d Halil11cd(j segmen ts. Th en peb
bles, gravels and conglo mera tes , encrusted by cor
alline algae , cap the thick sa nd formati on .

At Urelapa , the subs tra te upon w hich th e reef grew
was reach ed only in the deep est co res at dep ths

ra nging from 60 m to 72 m and co nsists of rec rys
tall ized lim estones rich in larg e benthic loraminif
er ids, calcareo us algae and mollusks,

Suc h s u bstra ta both in Tasmalu m and U relapa
have probabl y provided a favou rable grou nd for
reef ini tiati on due to their roughness and ca rbo n
a te com positio n w hich is k now to be conduc ive to
co ral la rval rec ru itme n t.

CONSEQUENCES OF THE RELATIVE SEA-LEVEL VARIATIONS
ON THE MARINE HABITATS

In San to , sea-level var ied accordi ng to the eusta
tic va riations and the tectonic vertical movemen ts
so th at th e mo dern mar ine hab ita ts ap pear to be
recen t in term s o f the geolog ical time scale. During
th e last o ne milli on years , th e hi gh se a s tands
( in te rglac ial period s) , sim ila r to the present se a-le
vel , alterna te with low sea sta nds (g lac ial periods)

reach ing more th an 100 m d eep a t a cyc licity of
100 ka . Moreover, in combination wi th the vertical
movem ents , com p rising uplift and/or s ubsidence,
the up and down movemen ts o f the coastline were
amplified ove r time. In suc h co nd itions , the marine
biodi versi ty p robabl y ben efit ed fro m suc h co ndi
tions in this island .



and Pleistocene Marine Faunas Reconsidered
Pierre Lozouet, Alan Beu, Philippe I\/Iaestrati, Rufino Pineda & Jean-Louis Reyss

The earliest evide nce of ric h Qu aternary
faunas in th e southern part ofSan to dates
back to the report by Mawson who col
lected in 1905 man y molluscs close to
the sout hwest coast. Th e mollu scs were
part ly identified by Hed ley (12 bivalves
and 28 gastropods) . However, the pre
sence of mo llusc -ric h Pleistocene depo
sits has been recorded only recently,
as a result of mapping by Mallick who
reported a beautifully preserved faun a
from the lower Navaka River in 1971.
Later the same author anno unced the
discovery of the Kere She llbed while
Mallick &: Greenbaum gave some add i
tional info rmat ion on the fauna of the
Navaka River and preliminary da ta on
the Kere Shellbed . These two exposures
were assigned to the same lithostrati
graphic un it , "Navaka sa nds".

Since their discove ry in 1970, colle c
tion s of fossi ls made by Mallick and
Greenbau m were sent to th e Ll.S.
Nati on al Museum for identifi cat ion .

The in teres t of this deposit was so grea t that Warren
Blow an d Th om as Wailer organised an expedition to
the Kere River in 1974 and collec ted bulk samples.
Ladd incl uded 167 species from the Kere River in
his description of marine fossil gas tropods of the
Wes tern Pacific. He also descri bed two new species
of Volu tidae and eleven other new species and a ne w
genus of Nassariidae (Bathynassa). In total he desc ri
bed 29 new species from these de posi ts. His opinion
of fossil asse mblages of South Santo merits qu ota
tion : "Santa sedimcnts contain perhaps the richest and
most diversified and certainly the best preservedJauna
oJJossi l mol/ushs yet discovered in the islands oJ the
PClcific, possibly in all oJthe Indo-Pacific region" .

One of the charac teris tics of the fau na of the
Navaka an d Kere Rivers is th at ma ny of th e fossil
spec ies we re un kn own in Vanuatu wate rs at th e
time. This was not only becau se the ir ha bi tats are
no t easi ly accessible (because of th e offshore origin
of th is fauna) but also because befo re the San to
2006 Expedition very little sys tema tic dredging
had been done around Vanuatu . How ever, since
the pub lica tions by Ladd, severa l new species des
cri bed from the Navaka or Kere Rivers deposits
were reported living in other regions of the Pacific
(e .g. SiphonoJusLls wal/eri). But for several o ther
species named as fossil , no close livin g re lative has
been ind ica ted . Ano the r cha rac teristic of the Santo
fauna, and espec ially o f the Kere Shel lbed , is the
abu nda nce of shells cons idered tod ay to be very
rare and precious "Cypraea", suc h as Perisserosa
guttCltCl, Lyncina porteri, and Austrasiatica langfordi.
Bu t, to date, knowledge of this fau na is in complete,
based only on the museum ma teria l co llected by
Malli ck (du ring 1971-75) and by Warren Blow and
Th omas Waller (in 1974 ).

For th at reason , th e Santo Exp edition initia ted a
preliminary ex plo ra tio n o f the foss il sites . This
mission by Alan Beu , Pier re Lozouet , Phi lippe
Maest ra ti an d Rufi no Pin ed a visited in Fe bru ary
2006 (18 February-2 March ) th e ou tc rops of
the Kere River, Navaka River an d Funato River
(Fig. 10) , located previously by Ru fino Pineda.
Du ring the San to Marine Biodi versity Survey
(Sep tember-October 2006) an addit ional sample
o f fossils was co llected in th e Wounaouss Rive r by
Pierre Lozouet and ] ean- Clau de Plazia t.

T he mat erial was sorted to the species level a nd
a provisio na l listing o f molluscs for Kere 1 and
Kere 2 reco rds several thousand specimens repre
sen ting more than 450 species.

THE NAVAKA RIVER LOCALITY
Th e grey mar l-siltstone of the Navaka River are
accessible mainly on th e right ban k and cliffs of th e
river. Amo ng a particul arly rich and we ll-p rese rve d
fauna o f various o rgan isms, Vv. Blow revealed an
excep tio nal concentration of Crustacea Decapoda ,
among th e richest in th e world. Ladd described
some molluscs collected by Ma llick, Blow and Ward.
Nine tee n new species an d th e new nassariid genus
Bathynassa have been descr ibed from thi s locality.

Heavy rai ns d uri ng our VI SIt res u lted in only
one field co llec tio n from thi s dep osit (Fig . 11 ) .
High wa ters th at covered th e ou tcrops vis ited by
Mall ick &: Greenbau m in 1975 m ad e th em inac
cessible . Fortun ately, the local people led us to
ano ther outcrop located in the b ed of one of th e
tributaries of th e river that was n ot ye t flood ed.
In th is section, molluscs and some zocxan the l
lat e sc le ractin ia n corals , pa cked in irreg ular
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Figure 10: Location of the Recent and fossil sites. A: Geolog ical map . Black area represents Miocene volcanics and volcaniclastics;
green areas represent Pliocene to Pleistocene deposits ; yellow areas represent Pleistocene to Recent Carbonate s (mo dified from
Meffre & Craw ford 2001) . B: Location of samples collected with the research vessel "ALlS" (dredging and trawling) w ith assemblages
close to Kere 1 and Kere 2 faunas.

layers , were espec ially abu nda n t and well pre
served . Th e transp orted asse mblage included not
ably two species o f Turbinidae , si x sma ll
Stro mbidae (includ ing two Canarium sp.) , vari
ous litt oral Cypraeo idea , two sp ecies of Harpidae
and oth er sha llow-water mollu scs. Thi s does not

correspond to the assemblage described by Mallick
& Gree nba um or Ladd, which was conside red to
be the result of an offshore environme nt of depo
sition . Our sampling work was stopped by th e
rapid rise of the river following heavy rain in the
mo untains .

THE FUNATO RIVER (BELMOL)

Th e Funa to River (Fig. 12) is a small tributary
of the Adson e River. This creek is particu larly
deep ly embanked. The fossiliferous site discovered
by R. Pineda (january 2006) is the farthest from
the coast (7.5 km) of those we collected. 'Ne sam 
pled on only one day. The fine, grey marl-siltstone
exposed along the banks and cliffs of the river
includes several sh ellbeds.

Strombidae (Strombtts, Terebellwn) domina te the
gastropods and Cardiidae the Bivalvia. We note the
abundance of Strombus pucatu: columba similar to
the specimen collected by Ladd from the alluvium
of the Sara kata River. Th e abu ndan ce of the cardiid
N emocardium cf. bechei is especially s triking .
W hile th is is clearly a shallow -wa ter deposit , most
of its species occur also in the fauna of the deep
wat er ou tcrops of the Kere River.
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Figure 11: The Navaka River. General view of th e outcrop, Alan Beu is standing in the foreground and examines a shell, behind
Philippe Maestrati sorts w ith an orange sieve. Coord.: 5035.290' S - 166051.089' E.

Figure 12: The Funato River. Coord.: 150 31.365' S - 1660 58.872' E.

2 ,
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THE KERE RIVER

In the original outcrop a shell lag facies tops a very thick
mad sequence . These contrasting deposits have been
attributed to distinct sed imentation ph ases related to
changes in current dynamics. In this study, we nam e
these units resp ectively "Kere 2" (the lower sequence)
and "Kere 1" (the classic Kere Shellbed). The previous
collecto rs conce ntra ted their atten tion on the very
rich shelly san d deposit (Kere 1) (Fig ] 3).

Th e Kere localit y is situated on the low banks of
the rive r that crosses a lim est one plateau (Rabua) at
abou t 70 m above sea -level. Kere 1 and Kere 2 are
expose d on bo th sid es of th e river. Kere 1 is acces
sible for only 10- 20 m on th e east ban k and 5-6 m
on th e west bank (Fig. 13) . Kere 2 underli es Kere 1,
being exposed along th e river crossed by a series of
waterfall s; one of the m , abo u t 200 m downstream
from the Kere 1 ou tcro p, is 5-6 m high .

• •• Kere 1 (= Kere Shellbed of Mallick
and Ladd. Main fossiliferous deposit)

Th e Kere 1 dep osit (a biocalcarenite) is attrib uted
to th e Uppe r Pleist ocen e (Fig 14) . It is an unco n
so lida ted (o r poorl y co nso lidated) ca lca reous
silty gravel consis ting of 50170 % shell fragm ents .
Diss olution and recr yst alli sati on have ce me n ted
parts o f th e deposit. This process co ncerns princi
pall y the ex pose d outcrops.

• •• Kere 2
The Kere 2 deposit is a grey marl-siltstone with some
fine lossililerous layers. Our excava tions were in the
top of the series, betwee n 50 and 100 m SE of Kere 1.

• •• The molluscan fauna
Some taxonomic groups from Kere 1 and Kere 2 have
been exa mined by spec ialists (Fig. 15). Accordingly,
our sa mples contain 50 species of Cyprae oidea
(Fig. 16) , 29 species ofTonno idea (Fig. 17) ,23 spe
cies of Muricidae, 10 species of Nassarii dae, at least
38 species of Conus an d 14 species of the bivalve
family Cardiidae. In all grou ps, similar ities between
the New Caledo nia n fauna and the southern japan!
Philippines faunas are noted, sho wing an unusual
mixture of faunas that now ex ten d from j apan to
New Caledonia, throu gh ou t the western Pacific. The
present range of Austrasiatica langfordi illus tra tes this
pattern. This species is kn own in so uthern j apan ,
in the Phil ipp ines, in th e so u th of New Ca ledo nia
(Norfolk Ridge) an d in Queenslan d . Thus, the Kere
River specimens fill the gap be twee n the north ern
and southern parts of its prese nt distr ibution.

Kere 2 (Fig. 15) has yielded 220 spec ies of gas tro
pod s, 90 species of bivalves and 3 sca pho pods. The
dom inant groups of Gastropoda are Turritellidae,
Stro mbi dae, Nat icidae , Nassar iid ae , Mi tr id ae ,
Cos tella riidae , Turridae and Ce pha las pidea . The
dom in an t families of biva lves are th e Arcidae

(A nadara), Mall eid ae (Malleus) , Tell in id ae
(Apolymetis sp .) and Co rbulidae . The abun da nce of

. byssally att ach ed Malleus is wo rthy of not e. In the
fine fraction the Scapho po da Gadilidae (Gadila sp .)
is very common.

Our collecti on from Kere 1 contains more than 300
species of gastropods and 80 species of b ivalves .
The dominant gast ropod groups are Siliquariidae,
Hipponicidae , Strombidae (Tib ia), Naticidae,
RanellidaelBursidae , Nassariid ae, Buccinidae, and
Conidae (Conus). The dominant bivalve gro ups are
Arcidae, Cucullaeidae (Cucullaea labiat), Pectinidae,
Spondylidae, Veneridae, Cardiidae, Cha midae, and
Glossidae (Meiocardia vulgaris). Com pare d to Kere 2
we note the abundance of bivalves (Spo ndylidae,
Chamidae) attached to hard subs tra tes, gas tro pods
living in sponges (SiliquaJia) or temporaril y atta
ched (Hipponicidae). Th e presence of at least six

Figure 13: View of the right bank of the Kere River (Kere 1
outcrop). Coord.: 15°33.322'5 - 166° 57.200'E.

Figure 14: General view and detail of th e shellbeds of Kere 1
(Pleistocene).



species of Ovulidae and four species of Triviidae
suggests the presence of a rich cover of gorgonians
and ascidians .

TheNatural Historyof Santa

This fauna is also unusual for the abunda nce of
wha le barnacles (C rus tacea Cirri pedia : Coronula
d iadema) , as mention ed previously.

Figure 15: Overview of the Kere 2 assemblage.
1: Fine fraction with sorted bivalves. 2: Fine fractio n with sorted gastropods and scaphopods. 3: Malleus sp. [Length 50 mm].
4-5 : Apolymetis sp. [Length 59 mm]. 6: Anadara sp. [Length 40 mm]. 7-8: Corbula sp. [Length 19 mm]. 9: Cymat ium sinense
(Reeve, 1844) [Length 61 mm]. 10: Ficus ficus (Linnaeus, 1758) [Length 68 mm] . 11: Strombus plicatus (Roding, 1798) [Length
47 mm] . 12: Dimin ovula aft. culmen (Cate, 1973) [Length 20 mm]. 13: Cymatium gutturnium (Roding, 1798) [Length 54 mm].
14: Nassarius variegatus (A. Adams, 1852) [Length 17 mm]. 15: Metula cf. mi trella (Adams & Reeve, 1850) [Length 27 mm].
16: Conus pra ecellens A. Adams, 1854 [Length 40 mm]. (Photos P. Lozouet) .
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Figure 16: Kere River Cypraeoid ea (Cypraeidae, Ovulidae) and Velutinoidea (Triviidae) gastropods (Identifications by L. Dolin ) .
1-3: Lyncina nigroma culata Lorenz, 200 2 [Length 33.5 mm] Kere 1. 4-6 : Paulonaria beckii (Gaskoin, 1836) [Length 12.8 mm]
Kere 1. 7-9 : Palmulacypraea boucheti (Lorenz, 2002) [Length 20 mm] Kere 1. 10-12 : Perisserosa gu ttata (Gmelin, 1791) [Lengt h
46 mm] Kere 1. 13-15: Hiraseadusta hirasei Roberts, 1913 [Length 33.5 mm] juvenile specimen, Kere 1. 16-18 : Xandarovula
xanthochila (Kuroda, 1928) [Length 14.8 mm] Kere 2. 19-21 : Adamantia dubia Cate, 1973 [Length 4 mm] Kere 1.22-24: Carpiscula
bullata (G.B. Sow erby in A. Adams & Reeve, 1848) [Length 8.2 mm] Kere 2. 25-27 : Trivellona paucicostata (Schepman, 1909)
[Length 8.5 mm] Kere 1.28-29: Cleotrivia euclaensis Cate, 1979 [Length 2.8 mm] Kere 1. (Photos P. Lozouet) .
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Figure 17: Kere River (out crop 1) Tonnoid ean gastropods.
Family Bursidae - 1-2: Bursino nobi/is (Reeve, 1844) [Length 67 mm]. 3-4: Bursino ignobi/is (Beu, 1987) [Length 40 mm].
Family Ranellidae - 5-6: Cyrineum bitubercu/ore (Lamarck, 1816) [Length 33.5 mm] . 7-8: Bip/ex pu/chro (G.B. Sow erby I, 1835)
[Length 42 mm ]. 15-16 : Cymotium (Ronu/orio) dunkeri (Lischke, 1868) [Length 63 mm] .
Family Personidae - 9-10 : Distorsio groceielloe Parth, 1989 [Length 25 mm] . 11-12 : Distorsio eu constrido Beu, 1987 [Length
24 mm]. 13·14 : Distorsio reticu/oris (Linnaeus, 1758) [Length 43 mm].
Family Cassidae - 17-18: Cosmorio ponderoso (Gmelin, 1791) [Length 30 mm]. 19-20: Semicossis bullo Habe, 1961 [Length
44 mm] .
Family Tonnidae - 21: Tonno zonoto (Green, 1830) [Length 30 mm] . (Photos P. Lozouet).
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THE WOUNAOUSS RIVER

A deposi t of several metres of ve ry fossiliferous
fine grey sa nd is exposed on the left bank o f
th e Wounaou ss River (Figs 18 & 19) , NW o f
Tangis-Tapuntaris , including layer s with herrna
typic cora ls and lenses of s he lls . Sieving revealed
the presen ce of many millimetric and centimetric
remains of wood. The mollus can shells are per
fectly pres er ved .

The asse mblage is dominat ed by a minute spe 
cies of Cerithium sp. , Stro m bidae ( th ree species
of Strombus, Terebeitum ) , Nassariidae (a t least
five sp ecies ) , Cos tellariidae and various op is 
thobranchs (Ac teon idae , Cephalaspidea). Mid
littoral Ell obiidae , freshw at er Thiaridae and
several land-snail s are also p resent. The m ost
abundant and charac te r is tic species is a s ma ll
strombid , Strombus (Dolomena) minima . The
Tellinidae (Te llina, Macoma) are the dominant
bivalves ,

Figure 18 : The Wounaouss River, coord. 15°34.3'5 16rOO.2'E.
Several metres of very fossilifer ous fine grey sand (Holocene)
are exposed on the left bank.

Figure 19: View of one of the outcrops and enlarged detail of concentration of shells consisting largely of Bivalvia but also gastropods
and pieces of corals.

RADIOMETRIC DATING AND CORRELATION
WITH MARINE ISOTOPE STAGE OF THE QUATERNARY

The depos its of the Navaka and Kere Rivers have
gen erally been referred to as "Pleis tocene" or "Upper
Pleistocene". Two radiometri c ages have been sug 
gested giving a 14C age of 25280 (+/- 460) years
BP and a Uranium/Thorium age of 14000 years for
Kere 1 (Ke re Shellbed of Mallick and Ladd ), both
dat es being based on an ahermatypic coral. Ladd

reta ined the older date becau se it was admitted that
the younger age was not consisten t with the original
ity of the fauna. Three new dates provide contradic
tory chron ological data.

Very well-preserved ah ermatypic cora ls (FlabellwH
spp.) collec ted in 2006 from Kere 2 have been dated



by the Uranium/Thorium met hod and established
an age of 232 +/- 10 ka . The same spec ies of coral
from the overlying deposit of Kere 1 gave an age of
133 +/- 5.5 ka. These reliable benchmarks suggest
that the Kere sequence was deposited during the
wanner Marine Isotope Stages (also named OIS for
"Oxygen Isotope Stage") MIS 7 (Kere 2) and MIS 5
(Kere 1) . Thus the change between the fossil assem
blages of Kere 1 and Kere 2 appare n tly reflects a major
sedimentary gap corresponding to glacial s tage MIS 6.

A herm atyp ic coral (Montipora) from th e de posit
of the Wo unaouss River (VM5) has been placed
in the early Ho locene according to its Uranium/
Thorium date of 9 200 +/- 0.27 yr.

Th ese results demo nstrate that the raised outcrops
were de posited during high sea- level (interglacial)
stages. Despi te the tecto nic ins tabili ty of this area,
the glacial perio ds are not represented by Lowsta nd
Systems Tracts (LST) with Iossiliferous deposi ts. It is
we ll known that in shallow-water deposits on gent ly
uplifting shore lines , low sea- levels tands are frequen tly
represe nted by hiatu ses , as the sea left the deposi tion
site altoge ther during glacia l per iods because of the
sea- level di fferen ce of 100-130 m be tween glacial
and in terglacial periods. However, considering the
high tectonic activity of this region and the relatively
deep deposition site 000-120 m) of Kere 1, more
complete deposition during the glacial periods might
have been expec ted in sou thern San to.

COMPARISON WITH RECENT ASSEMBLAGES

During the Santo 2006 Expedition , more than 340
bottom samp les (dredging and trawling) were co l
lected between 16 and 1 285 m with th e research
vessel Alis (208 samp les between 16 an d 35 0 m).
Forty three ad di tiona l dredgings were acq u ired by
the Evolan and u tili ty boa t of Alis between 1.5 and
3 1 m. These samples (see chap ter by Bouc het and
coau thors , this volume) provide an ines tim abl e
source of data and the means of in terpre ting th e
pas t environment of the fossil assemblages . The
molluscs collec ted were sorted and stored at the
family level and we have exa mined all the samples
during the drying phase or just after sampling.

Six stations (AT29 , AnO, AT41, AT43 , AT44 and
ATl 18) have yielded assemblages that fit very well
wi th the Kere 1 and Kere 2 faunas. These assembla
ges incl ude the same species of Tibia, Rane llidae ,
Nassariidae , Mitridae , and Co nidae , and th e same
Tellinidae , in particular a poorly known species of

Apolymetis. All these stations are grouped in the
same area at depths between 71 and 122 m, the
average depth being 94 m (Fi g. l OB). The assem
blages of stations AT30 and AT29 are very similar
to the Kere 2 fossil assemblage, while so me others
are more similar to Kere 1. \Ve may also deduce
that local factors su ch as hyd rodynamic condi tions
wou ld have introduced appreciable variations in
molluscan communities.

The mo dern m olluscan asse mb lage (Sta tio n
LD6: 2-5 m) th a t most closely resem bles the
Wo unaouss River fossil si te was co llec ted from
shallow water around Malparavu Islan d (= Oyster
Isl an d ) , whe re Strombus (Dolomena) min ima is
especially co mmo n. The two asse mblages also have
several Nassariidae and Costellariidae in co mmon,
whi le the dominant bivalves are the Veneridae in
th e mod ern asse mblage and the Tellin idae in the
foss il one .

CONCLUSION

Th is pre liminary study shows tha t the richest
Qua ternary ou tcrops range from Midd le Pleistocene
to Holocene in age and were deposited during
marine glacio -eusta tic transgressions . The Holocene
Wounaouss River deposit consis ts of several meters
of sha llow-water fossiliferous sands including macro
fossil-rich beds (shellbeds, cora l beds) . This assem
blage bears similari ties with a faunu le collected alive
at 5 m. On the other hand , the Pleistocene assem
blages of the Kere River are consis tent with an offs
hore habitat be tween 70 and 120 m depth . Kere 1 is
attribu ted to the MIS 5 Last Interglacial High Stand
and Kere 2 to the preceding MIS 7 interglacial. The
deposits of Navaka River and Fun ato River are not
dated but are also probably Midd le Pleistocene

Only furth er intensive field wo rk , co llec ting,
surveying and dating the deposits through we ll
preserved fossils , is likely to contribu te to our
un de rs tan d ing of the exceptionally rich fossil
deposits o f San to, in parallel with the systematic
inven tory of the modern fauna. Because Vanuatu
(including San to) is located in an uplifting island
arc, it was subject to major, random tectonic move
ment s that resulted in a complex tectono-sedimen 
tary history (see chapter by Cabioch &: Taylor ,
thi s volume) . We shall conclude by stating the
need for a program involving the collabor at ion of
various disciplin es. It is a vas t but reali st ic pro ject
consis ten t with th e multidis cip lina ry amb ition of
San to 2006.



of Santa and of the Sanma Province
Patricia Sirneoni

Sanma province (Fig 20) is located
in the north-central part of the archi
pelago. Santo and its small neigh
boring islands including Malo, Aore,
Tutouba, Araki, Tangoa, Ais, Mafea,
Litaro, Elephant, Dauphin and Sakao
are located between latitudes 14° 39'
and 15° 46' S, and between longitudes
166° 32' and 16]0 18'E and cover an
area of almost 4250.8 km 2

Sanma's provincial capital is
Luganville: the second largest city of
the country The province is divided
into nine districts: seven on Santo
and two on Malo-Acre (Fig. 20).

Quest-Malo
-Aore

Figure 20: Administrative districts of Sanma province.
© Geo-consulte

ville
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Est-Malo

Flag of Sanma province

Santo, Malo and the islets in figures

1 large island and 45 smaller islands and islets
Total area: 4250.8 km 2 including 3 959 km 2 for santo and 182.7 km 2 for
Malo
Number of inhabited small islands and islets other than Santo and Malo: g
Area (inhabited small islands and islets): 88.8 km 2

Total population (2009): 47872
Population on small islands and islets (2009):1981
Urban population (2009):13484
Average population density: 11.4 lnhabltants/krn!

Density (small islands and islets in 2009): 22.3 inhabttants/krn!

Other uninhabited islands and islets: about30
Area of the uninhabited islands: around 21 km 2

Number of vernacular languages: 28

The 2009 census gave a popu
lation of 47872 inhabitants, of
which 48.3 % were women and
51.7% were men. The average
annual demographic growth
is 3.2% for the rural areas of
the province and 2.4 % for
Luganville. The town, which
is the second urban center of
the country, has a population
of 13 484 inhabitants, or 28.2 %
of the province population. This
ra tio is sligh tly lower than in
1999 when urban population
represented 30 % of the prov
ince population. The population
growth rate of this province is
one of the highest in the country;

This article is the revised English version of Patricia Simeoni's Atlas du Vanouatou (Editions Geo-Ccnsulte ,
geo-consulte@vanuatu.com.vu). All the maps In this article originate from the Atlas; toponyms on the maps
follow the French spelling.
Translation: Beatrice Marx



thi s grow th is m ostly becau se of a migra t ion
movement bet ween islands , both in rura l and
urban areas . Th e populati on is mostl y di st r ibuted

The Natural History of Santa

on th e so u the rn and eas te rn coasts , but new vil
lages have been crea ted in land alo ng newly built
road se ctions .

GEOGRAPHIC AND GEOMORPHOLOGIC PRESENTATION

Santo Island covers an area of abo ut 3 959 km-: the
four other biggest islands in terms of ar ea are Malo
082.7 kmz), Acre (58.2 km z) , Toutouba 0 3 k012)

and Sakao 01.5 km-). They form th e pro vince
of Sanma (province of the islands of San to and
Malo).

San to Island is the largest and th e high est island
of the country. It is composed of two very dif
ferent geomorphological features . To th e west is
a mountain range (F igs 21 & 22 ) with a north
south cres t that rea ches an al ti tude of more than
1 000 m and includes the two highes t peaks of
the arch ipelago : Mt Tabwernasana 0879 m) and
Mt Santa 0 704 m ) . Its landscap e is very dra
mat ic with am ph itheatre- like valley s . The east
ern part o f the is lan d is composed of co ral reef
plateau x and uplifted sed ime n tary terraces whi ch
are divid ed by rare deep val1eys (Sara ka ta) an d
serviced by a mainly und erground hyd rograph ic
network. Th ese plat eau x do not exceed 300 m
in a ltitude , exce p t for a few peaks ra ised in a
suga r-co ne sha pe (Mt Tan kara , 784 m and Tiou ri,
583 m) . Th e eas tern coas tal terrace, recen tly sub 
merged, is composed of fringing reef pla teau x and
coral reef beach es.

Figure 21: The summi t of Santa: Mt Tabwemasana.

Th ere is a clea r ass ymet ry bet ween th e mountain
ous West and th e dissec ted plat eau x o f th e East.
In between is a h ug e graben ' where the I - d epressed block

J ordan plain and Big Bay are loca ted . of land bordered by
two horsts (syno nym:

tect onic rift),

Figure 22: The roof of Santa: view of the moun tain range ot West Santo.
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The Natural History of Santa

TOPONYMY AND HISTORY

• • • Santo
The name of the big island comes from Quiros, the
explorer who, on May 1, 1606, dropped ancho r in
Big Bay which he nam ed "Bay of Sain t-Philip and
Saint-Jack" after the saints tradition ally celebra ted
on that day. After three days exploring the coas t
line , Quiros found a suitable spot to moor in the
south-eastern part of the bay. Quiros wo uld call
the location , El Puerto de Vera Cru z, just located
at the mouth of a sma ll clearwa ter river which
was named El Salvador. Th is anchorage , nowadays
named Table Anchorage, near the current village
of Matantas at the mouth of the river of the same
name is still the only mooring location of the bay.

The bay was so hu ge tha t Quiros believed that he
had discovered the great southern con tinen t, and ,
on May 14, 1606, he officially claimed those lands
for Pop e Clemente VIII and the King of Spa in ,
Philip Ill. Thi s land was nam ed Terra Aus trialis del
Espiritu Sanro (Aus tr ialis , not Australis , because of
the Austrian heritage of the Spanish king of that
time) . He es tabli sh ed the first Chri st ian colony
on the island and calle d it "The New Jerusalem ";
he named the river that flows into the bay the
"Jordan".

The people of San to traditionally called the island
with vernacular names from their respective lan
guag es: Inerei, Ta Marina, etc. The existence of
twenty-eight native languages makes this island
one of the most culturally diverse regions of the
arc hi pe lago . Th e nam e given to the island by
Quiros, probably the most neutral one in term s
of traditional cultures of the island was kept. Th e
name was later sho rte ned to Espi ritu Santo and,
even tuall y, evolved into its modern name of San to.
The islets located on the eas tern and sou thern
fringes of Santo mostl y kept their vernacular names
excep t for a few. Malo Island was named "Saint
Barthelemy" by Cook in Augus t 1774, but took its
vern acular name back a century later.

What distinguish es Sant o from the rest of the
cou n try is the survival of its traditi on al pottery
art in Olp oi , No ko uko u and Wous i on the wes t
ern coas t of the island, a tradition that dat es back
more than 3 000 years. Indeed , archeo logists have

2 · vernacular name un earthed the oldest Lapita? pottery of
to designate a style of the archipe lago -dated between 3 100
pottery first discovered

on the eponym site and 3000 BP- on the island s of Aore
of Lapita in New and Malo . Th e tradit ional political sys

Caledonia. Lapita tern on the big island and the neigh
is also the name of

the first people who boring islets was the graded society
colonized Oceania system. Chiefs progressively acquired

3000 years ago, who their status based on the trust granted
are archeologically

identi fied by the pottery to them by the population , who organ-
bearing the same name. ized ritual gradi ng ceremonies in their

honor and offered them high ritua l value tusker

pigs . Eac h local commu nity created alliances wi th
other gro ups and maintained exchange netw orks
tha t ex tended some times very far. It seems th at
two major gro ups coexisted on Santo. The first ,
located on th e Cu mberla nd Peninsula , main tained
a hierarchi cal gradi ng sys tem of th e Suque kind,
origina lly from the Banks Islands which was closer
to Santo . This alliance was charac terized by the
use of shell mon ey as a medium of exchange . Th e
second group locat ed in the sou th an d the east
of the island was governed under the Sumbwe, or
Hungwe, polit ical syste m and used the tusker pig
as mediu m of exc ha nge . They maintained Iavora
ble relationships with the islands of Arnbae and
Malli colo. At the beginning of the 20th century,
th e Ger ma n ant hropo logis t Felix Speiser identi 
fied five major ethnic se tt lemen t areas : th e Sakaos
in the eas t of the island, the population of the
cen ter of the island, th e peopl e from the Big Bay
area , the highl anders from th e wes tern side of the
island, and, finally, the peopl e from sou thern Santo
and Malo. Th e sma ll bod y-size of the peopl e from
the mountains of Santo led to the mistak en belief
that a grou p of pygmi es lived there. Th ese people
proved to be a Melan esian people of short sta ture .
Thi s populat ion classification was used for a long
tim e as a way of distinguishing more or less hom o
geneous cu ltura l areas on the island ; it was also
us ed to se t u p th e first electoral precincts in the
firs t decad es that followed the Independence.

When missionaries arr ived in th e 19th century,
th e populat ion from th e eas tern sid e of th e island
left th e interior bu sh , whe re th ey use d to live
in large families sca tte red among sma ll haml ets ,
and se tt led alo ng the coas t in villages that we re
crea ted arou nd th e mission s. Inst ead of di vid ing
th e is lan d between both gro u ps , Ca tho lic and
Pro tes tant m issions co- ex is ted in eac h region .
Thi s created tense relationships amo ng th e mem
bers of th e different congregations which some
tim es shared the same language and strong family
ties ; notably, th is occurred between Port-Olry and
Ho g Harb our to the east , Tolomako and Tourebi ou
in Big Bay, and, to a lesser extent, in th e so u th and
the sou thwest of th e island. Generally sp eaking,
th e inhabitants of the cen tral pa rt of San to have
rem ain ed isolat ed an d have been less su bjected
to th e influe nce of the ou ts ide world than th e
coastal populati ons. Few in numbers , they are
spread geographically ove r a large area . In the
mid 1960's , th ese popula tions becam e involved
in th e Nagriamel Movem ent. This neo tradi tional
movem ent , th e forerunner of sovereign ty an d
land clai ms (1965), was created by the cha ris 
matic lead er Jimmy Stevens, whose headquart ers
were locat ed in Fanafo (southeast Santo). Steve ns
emphas ized th e importance of "custom" as a bas is
for the Melan esian society. He was suppo rte d in
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his claim by like-minde d bush dwellers who hel d
strong di strust towards the outside world and
politicians .

heritage, which allows for an open-m inded sp irit
and the feeli ng of belo ngi ng to the large com mu
nity of th e northern islands .

• •• Malo
O ne of th e o ldes t Lapita arch eo logical s ites o f
th e arc hipelago was discovered on Mal o Islan d .
The islan d's an cien t peo p le are divided in to tw o
linguis tic groups: th e Tinjivo, to th e eas t, and
the Aouta , to the wes t. Traditionally, Malo shared
important relationsh ips with some areas of th e
north of Mallico lo , Arnbae, Maewo and Penteco te ,
w hich undoub tedl y in fluenc ed its cu ltural evo lu
tion. Th ough th ese trad it ional ties have not been
ma in ta ined , the popu la tio n s till acknowledg es this

The arriva l o f Europeans in th e 19th ce n tury
brought subs tant ia l cha nges to Malo. It s proximity
to Tan goa , a small islan d located south of San to
which becam e the hub of the Presbyter ian Church
for the archipelago , ex p osed Malo to its missionary
influence. W ith th e exc ep tion of an attempt led by
the Catholic m issiona ries to settle in the eas t, the
Presbyt erian Church remained th e main Christian
mission in Malo un til the arr iva l o f severa l new
religiou s congrega tions in th e se co nd half o f the
20 th cen tu ry.
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3 . The Societe Francaise des Nouvelles-Hebrides (SFNH)

was created in 1886 to repla ce the CCNH, la Compagn ie

Caledonienne des Nouvelles-Hebrides which , under the

direction of John Higginson, vowed to buy the archipelago

from the Melanesians and the English colonizers wh o

found them selves in dire straits. In 1886, SFNH became a

shareho lding company support ed by the French government

because of th e political interest it represented. At that time , th e

compan y claim ed virtual ownership of 780000 hectares whi ch

included th e best land in terms of quality and location in the

archipelago. The company attracted French colonizers from

New Caledonia by offer ing plots of land of 25 to 50 hectar es to

newc omers on the condition that they would develop it.

The role tha t Malo
played in th e eco
nomi c d evelop 
ment of the New
H eb r ides was a
maj or com pon en t
of its own devel
opment . In the
19 th centu ry, th e
Europ ean s h a d

taken possession of most of the east end of the
island where the y set up coconu t plantations for
the pro duc tion of copra . Th e planters we re Fren ch
and settled on lands bought by th e SFNH3 Local
pop ulations started to express their s trong op posi
tion to the presence of Europeans after World War
II, and planters were not allowed to expand th eir
pla n tations beyond the eastern flat coas tal plain of
the island . Land became a major top ic durin g the
elections that took place befor e the Ind epen den ce.

MODERN ORGANIZATION

Figure 23: Popul ation of Sanm a province.

10738 (Luganville)

San to is the biggest island of the
archipelago and , togeth er with Malo
and its neighborin g islets , the sec
ond most populat ed province of
th e arch ipelago with a 200 9 pop
ulation of 47 872 (whic h inc ludes
Luganville, the second largest urban
center of the cou n try, wi th 13 484
inhabitants) (Fig. 23) . Th e island is
divided into seven districts: No rthern,
Eastern, Western , Nort hwest ern ,
Southwestern and Cana llFa nafo .
The rural population is estima ted at
34388 inhabitants. Rural islan ders
live mostly along the coasts except
on the eastern and southern fringes
of the island where settlements are
found as far inland as 15 km (Figs 24
&: 25) . On the western part of the
island, the population lives in small
isolated villages on the coastal frin ge
of the volca nic Cape Cumb erlan d .
Inland, especia lly to the sou th , was
far more popul ated before the arr ival
of the missionaries and farmer s who
attracted Santo 's natives to the coasts
of an area ex tending from Port-Olry
to Tasmalum, thro ugh Hog Harbour
and Tango a. Th e extensive toponymy
between Santo Peak and the But mas
plateau confirms the ex is tence of
these ancient settlem ents. Th e east
ern coast remains the most populated
area, mostly because ofLuganv ille, but
also because of two historical factors :
the concentration of old European
plantations and th e geograph ical
location of the Nagriamel settlemen ts
in the Fanafo area. Finall y, the islets
located along the ma in island on the
eas t and sou theas t sides accoun t for
a populat ion o f 1 652 inhabitan ts
(1999) . Malo is the thirteenth island
of the arch ipelago in size, j ust after
Maewo, and the ninth in population .
Its area (180 krn-) and its pop ulation
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(3532 inh abitants in 1999) are the features that give
Malo its special s tatus. Malo is divided into two dis
trict s: Wes tern and Eastern Malo.

• •• Infrastructures
Lon g before its tran sformati on by th e Ame rican
so ldiers in 1942, Lugan ville (Fig. 26) was an impor
tant trad e cente r for the northern islands . After th e
Second World War and the removal of their ar my, th e
Americans left an improved infrastructu re of ports,
roads , landi ng strips, buildings, and equ ipme nt that
ena bled the development of Luganvilles econo my;
this growth was favorable both to the north ern and
to the cen tra l-no rthern islands of the archipelago .
Luganville enjoys a naturally favor abl e environ
men t: an excep tional port loca tion, hydroelectric
energy produced by the Sarakata River, a mostly
rural an d diverse backcountry, and man y isle ts tha t
represent idea l loca tions for tour istic development.

Th ou gh San to has the lon gest road network of the
archipe lago, it is s till commensura te to the size of
the island . The mai n constraint to economic devel 
opment remains the lack of in fras tructure. The
road s of Luganv ille are the onl y ones to be paved
with tarmac, all other roael networks are unsealed
crushed coral roads. This road network is impo r
tant around the urban center and in the neighbor
ing distri cts of Canal-Fanafo, Southeast Santo, an d
East-Santo. A coral road runs along the eas tern coast
from Luganville to North Port-Olry and a second
road ru ns inland near Fanafo, Butmas, and goes up
to Matant as. Sou th-San to has a coastal road but the
islan d lacks seco ndary roads to link the coas t to the

Figure 24: Schoolchildren of a rural village in South Santa.

Figure 26: Luganvill e's main street.
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inland. Becaus e of the difficult cons truc tion concli
tions of suc h roads , the districts of North-Santo,
Northwest -Santo, and Wes t-San to have very few of
them . Thus many villages are connec ted by irreg ular
boa t service. On Malo, the trail around the island was
never completed. Santo Island has an in tern ational
airport, Pekoa, loca ted to the east of Luganville, as
well as a landing str ip in Lajmoli in the Northwest
Santo district. There are seve ral othe r airfields dating
back to the Second World War at Big Bay, Palikoulo
and Roseraie but they have fallen int o disuse. Th ere
is no air connec tion availab le with Malo; the only
way to get there is to take a boa t from Avounatari to
Pointe Ratard , Malo's wharf.

• • • Resources and economic activities
Arab le land in Santo, Malo, and their islets is est i
mated at approxim ately 1 831 km-, which repre
sents a little bit more than 43 % of the total area .
Foo d-producing agri cul ture is not only for subsist
ence, it also benefits from an ur ban market (Fig. 27)
and exportation. Foo d crops are dive rsified, wi th
produc ts such as taros (ColoCCLsia and Xanthosoma),
cassava roots, and swee t po tatoes . Coiocasia is the
dominating cro p in the cen ter and the so u th, thanks
to an irri gati on sys tem of taro terraces (Fig . 28) , an d
yam is the most important crop of the eas t coas t an d
Malo. Malo is the producer of a well-know n yam
in the markets of Lugan ville and Port-Vila, named
"Marou" (Dioscorea transversa). In the highlands ,
the area of food-produ cin g agricu lture can reach an
altit ude of 1000 m. The production of kava (Piper
methysticum) for ho me consumption and market
ing has inc reased considerably ove r the past decade
in San to Island where it has becom e the main crop
o f the eas t-ce n tral area o f the island bet ween the
regions of Belerou , Fanafo and Ankoro, an d in the
Nava ka valley of the sou thwes t where it allows food 
producing agri culture in areas othe rwise di fficult

Figure 27: The urban market of Luganville.

Figure 28: Taro plantat ion.

to grow because of their inh ospitable topography.
Coconut far ms are widely deve loped on the southern

Figure 29: Cattle and coconut plantation : the symbol of Santo farms.
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Luganville

The Canal du Segond, the marine channel that separates the southeastern coast of Santo Island from the island of Aore,
is a naturalport whose exceptional location attracted the first planters as early as the end of the 19thcentury. The Canal du
Segond is also the name of the first village that was created on the shore of Santo. Respectively in1SS2 and1909, the CCNH
(see SFNH) and Catholic missionaries settled on the rightshoreof the Sarakata River. The village was later called tuqan, after
the captain of the ship from the Messageries Maritimesthat broughtsupplies quarterly to the localcolonizers. Eventually,
the town became known as Luganville. European settlement was limitedto trading companies (the SFNH, Sarrau, de secnaoe,
Burns Philp), to planters who, for the most part, came from France (about 150 people in 1910), to the mission, and to the
Condominium offices. On the other side of the sarakate, the large swamp that belonged to the SFNH was of no interest to
anyone until the American army arrived in1942 anddecided to fill it in and cleanit up to enable the installation of their main
military base of the South Pacific. The American army transformed the village into a town and brought to it, as in Port-Vila,
the infrastructure that was missing (three landing strips and a fourth one in Matewoulou, roads, bridges, piers, warehouses,
buildings, etc.).

Luganville competed for a long time with Port-Vila for the first rank in the urban landscape. It was considered the
capital of the northern portion of the archipelago. Until. 19S0, both towns benefited from the same favorable development
opportunities, and the insular migrants, attracted by the short term work opportunities that the towns offered, tended to
leave for the closest urban center from their island.Though both towns grewat the same rate during the years of1967-1979,
in the decadethat followed, Luganville grewapproximately halfas fast as Port-Vila (2.9% vs.5.S%). This waspartly because
of the tense political contextand the desireof the Nagriamel supportersto withdraw; this atmosphere led many European and
Asian investors to leave Luganville bythe end of the 1970's. The Independence and the rebellion that followed stopped the
growth rate of the secondtown of the archipelago. The eviction of the French colonizers, who weresuspectedof participating
in the rebellion, put an end to the French culturalinfluence that prevailed in the northern town. The demographic expansion
of Luganville was far less dramatic than in Port-Vila (with a migratory growth of 7% for Luganville and 61 % for Port-Vila
between 1979 and 19S9). In the 1990's, migrants began to settle in Luganville and, along with the natural demographic
growth, contributed to an increase in Luganville's urban population. Since the last decade, the arrival of foreign investors,
tourism, and construction have given a strong boost to Luganville's expansion.
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and eastern coasts where they cover an area of
about 1370 hectares. Cacao farms account for about
370 hectares, mainly in the Western Malo district.
Converted pastures or woody fallows cover about
1350 hectares, and cattle grazing under coconuts
about 1050 hectares (Fig. 29). Some of the remain
ing colonial plantations have been abandoned and
subsequently transformed into pastures. Thus, more
than 128 km2 are dedicated to agriculture; this rep
resents 3% of the total area of the islands and 7% of
the arable land. There is still a considerable amount
of land that has the potential to be developed.

Santo's economy developed mainly around export
products: mostly copra (dried kernel of the coco
nut), cattle, and, to a lesser extent, cocoa. The first
copra export dates back to the early 1870's. Local
rural labor was scarce in the European planta
tions located in the southeast of the island, thus
thousands of Vietnamese workers were hired in
the 1920's. In the 1930's, the production of coffee
and cocoa developed but the lack of a labor force
favored the development of cattle. Cattle was first
introduced to supply milk to Europeans, but it soon
became appreciated for the help it provided in the
maintenance of the coconut farms, controlling grass
growing, and for the meat it provided to workers.
Coffee is no longer produced today, but copra and
cocoa remain important crops. Small plantation
owners produce 80% of the exported copra and
cocoa. Furthermore, small livestock farmers supply
30% of the meat to Santo's slaughterhouse. Smaller
livestock farming of pigs and poultry is well devel
oped but for self-subsistence purposes only.

Santo Island has benefited from major agricultural
development projects such as the development
of hybrid coconuts, poultry and pig farming, the
development of cattle farming in southern Santo, as
well as the creation of two research centers on oil
and oil-yielding plants. Yet it seems that the results
of this research do not impress decision makers
in their choice of investment, as demonstrated
by the very controversial project of establishing
10000 hectares of oil palm (Elaeis guineensis) plan
tations even though such culture has proven to be
intractable, or the various attempts at introducing
rice culture, which have all failed.
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Three-quarters of the island are unoccupied and
covered with a dense vegetation cover. This ever
green forest is a dense tropical rainforest, typical
from the equatorial climate, yet lower in height
compared to the height of the Amazon or the
Congo rainforests (see the part "Vegetation and
flora" and the chapters "Deforestation of Santo and
logging operations" and "Conservation efforts in
Santo" in this part):

The fishing industry expanded tremendously with
the creation of the South Pacific Fishing Company
(SPFC) in Palikoulo in the 1950's. The company
worked as a recruiting agent of fishermen from
Vanuatu to work on foreign fishing boats. The
company stopped its activity in the 1980's. The
current fishing industry operates mostly through
independent fishermen who provide the local mar
ket with fresh fish.

There are no viable mineral deposits. Copper min
ing in Navaka was disappointing.

The private business outside of Luganville is mainly
comprised of the grocery trade and kava bars. In
terms of transportation, there are bush taxis and
water taxis. Other trades include gas stations, inns,
bakeries, and sawmills. The fish and meat canner
ies were abandoned in the 1980's because of a lack
of supply and the same happened with the island's
oil mills in 2006. There are no more industries on
the island.

Tourism is slowly developing. Santo's most touris
tic destination is its urban area. Santo is known for
its diving opportunities; there is a specific draw to
the American ship President Coolidge and what is
left of the American vehicles and heavy equipment
that were sunk near Luganville during WWII.
The main constraints that hinder the development
of tourism are the lack of coordination (tourism
office) and the difficulty of gaining access to tour
istic sites (roads, landing strips, cost of transpor
tation). Yet there is a huge potential for touristic
development with its quality beaches, historic sites
including WWlI artifacts, blue holes and water
falls, the highest peaks of the archipelago, and
unique plants and animals.



Hydrology and Fluvial Geomorphology
James P. Terry

DRAINAGE PATTERNS

Although Santo is the largest island
in Van uatu , cov ering an area of
3959 km", its unusual sha pe wi th
two northward ex tendi ng peninsulas
means th at mo st rivers have small
ca tchmen ts, usua lly less tha n 100 km 2

in area (Fig. 30 ) . Two notable exc ep
tions are the do mi na n t jourda in River,
th e largest drainage system on San to
and in th e Vanuatu arch ipelago as a
who le (Tab le 1), which dra ins mos t
o f the central region o f San to , flow
ing northwards in to Big Bay, and the

Sarakata River that is used for hyd ro-power gen 
eratio n and drains sou th eas t in to Segond Channel
at Lugan ville town.

The geomorphology of the western portion o f
the island , in cluding th e north-west pe ninsula ,
is dominat ed by a cha in of Mioce ne -age volca nic
mo u nta ins , of volcan iclastic geo log y, aligned in
a SSE to NNW ori en tat ion , th ereby forming an
elo ngated highland sp in e. The rivers dr ain ing the
rugged western pen insula are co ntrolled by the
linear arran gem ent o f th ese volca noes and th e
refore flow either west to the wes t coast or eas t
in to Big Bay. The cat chments are th ickly cov ered
with native rain fores t. Th e tall est peak in the
cha in is Mt Tabwem asan a (15 °21 'S , 166°45'E)
which clim bs to 1 879 m in San to's south-west ,
bu t severa l ot her peaks alon g the spi ne also att ain
elevations above 1500 m . In th e sou th-west of
San to , a radial pa tte rn of drainage is ide n tified on
th e flanks of th e Tabwem asan a volcano complex .
'Within ind ividual stream catchme nts, however,
simple dendrit ic drainage pa ttern s pr edominate.

Th e narrow stream headw ater courses in wes tern
San to are typ ical of those on Pacific volcan ic islands
with mountainous int eriors. Upper tribu taries are
very steep with bouldery channels. Stream channels
are sinuous and coa rse strea mbed deposits within
th em are arranged in step- and-poo l sequ ences.
Neighbour ing catchments are separated by narr ow,
serra ted interfluves, where slope angles frequ ent ly
approach 40° or more. The majority of highland
stream channels in western Santo are com prised
o f large, rou nd ed, volcanic boulders, derived from
underlying volcaniclasti cs, breccias and sandstones
through 1I1 situ wea thering and exhumation. Short
sect ions of bedrock channe l and water falls occur

Table 1: Largest river basins on selected islands in the tropical
South Pacific.

Island Country Largest Approximate
river basin area

Viti Levu fiji Rewa 2918km?

Malaita Solomon Islands Wairaha 486km1
--- -

Grande Terre New Caledonia Yate 437km1

'-

Guadalcanal Solomon Islands Lungga 394 kru '

Santo Vanualu Jourdain 369 km
- I, ,

Vanua Levu Fiji Dreketi 317 kml
i' ---

Elate venuaiu rouma
•

91 km
-

Savai'j Samoa Sili 51 km2

- -- - ~

Upolu Samoa Va isigano 33kml

frequen tly, where nu me rous sma ll dykes and other
resistant intrusions have been exposed by eros ion.
Stream banks are stee p, composed of so il, regolith
and boulders and obscured by dense rainforest. Well
rounded gravels of cobble and pebble-Sized material
is ex tremely abundant as stream bedload . Th e high
annual rainfall , the precipitous slopes that encou
rage runoff, and the steep long profi les of stream
chann els, are all factors promot ing a highly ene rgetic
fluvial enviro nme n t and assoc iated rapid rates of
sed iment transport , c1ast attr ition and bedload roun
ding in the watercourses of wes tern Santo.

In their lowland reac hes, most of th e rivers and
larger strea ms of wes tern and cen tral Santo have
braided rather th an meandering channe l patterns,
and have form ed braidplains and deltas of shifting,
in terconnectin g channels th at are sep ara ted by
braid islands, com prising enormo us qu antities o f
coarse gravels o f various volcanic lithologies . This
interest ing fluvial geomorphology is co nsi dered
sep ara tely in "Braiding in th e River jourdain" .

Th e relatively larger river sys tems of south-eas tern
Sant o , such as the Warnbu and Sarakata Rivers that
have the ir estuari es near Lugan ville (Fig. 3 1), are
allogenic rivers wi th headwaters rising on volcan ic
geo logy, but which then flow across limeston e ter
rain of conical h ills lower than 1 000 m , desce nding
to rolling coastal hinterlands 0-300 m in eleva
tion . The south-easterly tren d in drainage pa ttern
is con tro lled by prom inent tectoni c lineam ents and
fault s. Incised , gorge- like sec tio ns are common ,
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Figure 30: Drainage network on Santa. Base map court esy of Vanuatu Lands Department.

form ed by series of collapsed dolines coalescing
with one another along a lineament. Rivers draining
the south of the island have more extensive lowland
valley sec tions than st reams draining western Santo ,

47

with meandering alluvial channels that have built
Ooodplains and terraces comprising fine sediments
(Fig . 32). Th ese flat areas are used for settlement,
agricultur e, coconut plantations and cattle pasture.
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Figure 31: A: Source of the Sarakata River flowing out of Millennium Cave. B: Exit of the Sarakata River into Segond Channel at
Luganville .

absent. Drainage den sity is not ably lower than on the
rest of the island . Th ese cha ract eris tics are associated
with the relatively permeable basement geolo gy of

upli fted Qua ternar y
and Holocen e coral
reef limestones in
eastern San to, occu r
ring in the form of
denuded plateaus and
adjacent "staircases"
o f eme rged marine
terraces . Essentially
this is a region that
has been karstihed
to vary ing degrees
under the humid tro
pical regime, and sub
terranean dr ainage
has developed . Th e
overall 3-50 eastward
tilt of the plat eaus
and terraces mean s
that ex tan t surface
drainage has formed
parall el drain age
patterns , gener all y
flowing through cone
kar s r and nascen t
cone karst to pogra 
phy to the east coast.
Several of th e short
coastal streams in the
East begin at flooded
do lin es (karstic de
pressions), eith er for
med by so lu tion o r
collapse, locally called
"blu e hol es ", wh ich
are supplied by spr ings
of resurgent ground
waters (Fig. 33 ) .

Figure 32: 1986 aerial photograph of the
lower Sarakata River meandering across
its adjacent floodplains, immediately
north west of Luganville town . Courtesy
of the Vanuatu Lands Department.

In the eas tern porti on of San to and on the north-east
pen insu la, surface dr ain age is either less well-d evelo
ped, intermittent in nature, or in som e areas entirely
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Figure 33: Blue holes - flooded dolines that are the source of several small streams in the coastal hinterland of karstified eastern Santo.

HYDROLOGY
Little co nt inuous discharge monitoring has been car
ried out in the rivers of Santo Island . Occasional s tage
recordin g an d dis charge measurem ents ha ve been
un dert aken for the maj or Saraka ta and Jourdain sys
tems . Calculating flow rates in the lower Jourdain is
ex tremely difficult because this river has a complex
br aid ed network of multiple , sh ifting channels . A
mean ingful stage-discharge re lationship for the sum
of all cha nnels within a valley-bottom cross -section is
th erefore almos t impossibl e to es tablish . In October
1981 th e Hydrology Sec tion of ORSTOM (Office de
la recherche sCientifique et technique outre-mer, Centre
de Noumea; no w IRD) embar ked on a campaign of
flow monitoring near th e es tua ry of the J ourdain.
An OTT R20 type stage record er flow was instal 
led near the river mouth , but th e en tire station was
promptly washed away two men ths later by the !lood
produced on 23rd Decem ber 1981 by Cyclone Gyan .
Rep laceme n t equi p me n t install ed a t ano th er s i te
farther upstream the following yea r, 7 km from th e
es tuary, was in op eration from March 1982 until the
end of 1983. Topographic surveys across the two main
river channe ls, in conju ncti on with velocity mea su 
rem ents and s tage readings , allowed daily Ilow data
to be recorded for this period . Daily average dischar
ges of baseflows varied from a minimu m 11.6 m3/s

in Septem ber 1983 , which was the middle of the dry
season in an exceptionally dry year, up to 82 .3 m3/s in
the wet season month of Febr uary 1982.

For the Saraka ta River, ORSTOM also measured dis
cha rge for a similar period at a gaug ing station instal
led approximately 10 km above th e es tuary. The si te
was established above tw o major tributary confluences,
and so measured discharge for only a portion of th e
Saraka ta drainage network, an area of roughly 90 km 2

The lowest mean daily flows for 1981, 1982 and 1983,
recorded in September or Oc tober of these th ree years ,
were 3.6 2, 3.89 an d 2.72 m3/s resp ectively. Manu al
gaug ing allowed the establishme nt of satisfac tory s ta
ge- discharge relationships , and extrapo latio n of th e
rating curves meant that pea k flood discharges for two
cyclones that occurred in this period cou ld be estima
ted, based on maximum flood heigh ts. Maximum llows
were approximately 280 m3/s during Cyclone Gyan on
24 December 1981 and 410 m3/s during Cyclone joti
on 4 November 1982. Th ese are enorm ous discha rges
considering the modest size of the monitored basin .

Recent work on reliabl e lon g-term Ilow data for
the Tontouta River, a major sys tem in the south of
mountainous Grand e Terre Island in ne ighbouring
New Caledonia, showed that 65% of the largest his
torical !lows were caused by tropical cyclones, and
75% of cyclone-induced !loods were overbank events .
A similar situation probably exis ts for the Sarakata
River on San to, so bett er u nders tanding of the hydro
logy of cyclone-gen erated Iloods remains a prior ity
for Vanua tu , as well as for othe r Pacific Island s tates .



Espiritu Santa in Space andTime

BRAIDING IN THE JOURDAIN RIVER

A B

Figure 34: A: Braidplains of the lower Navaka River. B: Jourdain River.

The j ourdain River is the largest drainage sys
tem in Vanuatu , and dominates the fluvial geo
morphology of central Santo (Fig 34) The river
flows generally northwards, draining into Big Bay
through the Vatthe Conservation Area. Vatthe
is the first designated national forest park in
Vanuatu , and protects 2276 hectares of rich and
diverse lowland alluvial rainforest. The jourdain
rises from over 1800 m on the flanks of the Mt
Tabwemasana volcanic peak. The drainage basin
covers an area of about 370 krn-, occupying some
11% of the island. This river, and many of the
other bigger streams of central and western Santo
that drain across volcanic rock types, such as the
Apuna (central), Navaka (south-west) and Vakola
(west) Rivers, have formed gravelly braidplains in
their lower reaches.

Braided rivers consist of numerous wide, shallow
and fast-flowing alluvial channels that subdivide
and rejoin repeatedly around bars and islands,
forming an intertwining structure. Although brai
ded systems are common in both pro-glacial and
semi-arid environments, where vegetation cover
is lacking and coarse bedload sediment is plenti
ful, most large rivers in the tropical South Pacific
Islands normally develop a meandering pattern in
their downstream alluvial reaches. Thus, an expla
nation is needed for the origin and evolution of
the braided channel patterns on Santo.

The interaction of several controls is probably
the best explanation for the active braiding in the
J ourdain and other rivers of western Santo. First,
a steepening angle of plate subduction at the

Vanua tu Trench during the Pliocene to Holocene
period (5-0 ma ) has been associated with rapid
vertical tectonic uplift of Santo Island, at rates
up to 7-8 mrnlyr. This fast rate of uplift provides
the Jourdain River excess gradient, such that the
long profile is steep (Fig. 35), which promotes
active fluvial downcutting. Second, regular ear
thquakes associated with local tectonic activity
have triggered many landslides, several over
5 km2 in size, in the precipitous terrain of the
highlands. These slope failures provide sources
of fresh sediments into the drainage channels.
Third, the regular passage of tropical cyclones
produces large and very powerful river floods,
which contribute to high rates of bedload trans
port. Fourth, sequences of Quaternary marine
gravels underlie much of the lower J ourdain
basin, the exposure and reworking of which has
provided abundant coarse gravels to form the
channel bars and braid islands in between the
shifting channels (Fig 36).

On top of many of the larger gravel islands of the
Jourdain River braidplain, which have remained
stable long enough for vegetation colonisation,
sequences of fine-grained sediments have been
deposited (Fig. 37). Analysis of the caesium-137
( 1:lICS) content down through the profile of
these fine deposits, as determined from labora
tory measurements of the gamma-ray spectra of
sediment samples, allows an estimation of the
rate of vertical sediment accretion. The estima
ted rate from a single core of alluvium, collected
from the bank of the Jourdain in 2004 (Fig. 37),
is at least 4.8 crnlyr over the last four decades. It

se



is found by com pariso n that thi s se d ime nt acc u
mul ati on rat e is hi gh co mpa red to that measu
red in o th er tropi cal Pacific Island river basins .
This in dica tes both high erosio n ra tes in th e
upper ]o ur dain and effecti ve se d imen t transport
in cha nnels , and suggest s tha t ra pid tectonic
u plift and the effects of cyclone-induced flows
on San to are probably im portant ge omor ph ic
con tro ls on braidplai n clepositi onal processes
an d lon g-t erm evolu tion .

Figure 35: Long prof ile of the Jourdain River.
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Figure 36: Gravelly bars and braid islands, some bare, others vegetated, and mult iple interconnecting chann els of the lower Jourdain
River. The raised limestone plateau of eastern Santo is seen in the background.
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af Santa

San ta Island lies at 15°S , 167°E in
the west ern South Pacific Ocea n. By
virtue of its tropical locati on , sur
rou nded by the warm waters of the
Sou th Equ atorial Cu rren t, the clima te
of the island is described as 'tropic al
maritime', or AI (Tropi cal Wet) accor
ding to the Koppen system of clim ate
classification. Although th e climate is
warm and wet all year round, there is a
seasonal pa ttern to precipitat ion, tem
perature and other climati c variables.
The hot wet season lasts six months
during the sou thern hemisphere sum
mer from Nove mber to April, and a
dri er, cooler season is experienced
dur ing the southern hemisphere win
ter from May to October.

The main regional influence on the cli
mate of Santa is the South Pacific Convergence Zone
(SPCZ). Th is is a broad zon e of conve rgence , low
pressure, convec tional activity, cloud iness and preci
pitation (Fig. 38) . Th e SPCZ is a branch of the ITCZ
and has an approximately diagonal orienta tion from
north west to south east over the sou th west Pacific
(Fig. 39). It stretches from the 'warm pool' (of tropical
ocean water) centred in the
far west South Pacific near
New Guinea, and extends
as a band of cloud and rain
across Solomon Isla nds ,
Vanua tu, to Fiji, the Cook
Islands and often as far
as French Polynesia. The
conve rgence zone forms
a boun dary be tween th e
south east trade winds and
the region of divergen t eas
terly winds farther to the
east that are produ ced by
the semi-permanent ant icy
clone located in the eastern
South Pacific. Th e SPCZ
does not remain static but
shows seasona l migration ,
lying genera lly to the no rth
of its mean posit ion in mid
winter Uuly) and generally
south of its mean position in mid-summer (jan uary).
As a general rul e, it also tends to be better defined ,
and as such is characterised by stronger conver
gence , dur ing th e summer. The moisture advection

James P. Terry

associated with the convergence, uplift and conden 
sation in the low-pressure belt allows stratiform and
cumulus clouds to form, giving showery weather.
Well-defined cells of low pressure often form embed
ded within the convergence zone and may deve lop
into tropi cal depressions , with thick towers of cumu 
lonimbus cloud bringing thunderstorms and intense
downpours . The seaso na l north-to-south shifting and
alternate weak and strong activity of the SPCZ is
reflected in the seasona l pattern of San tcs ann ual
rainfall (see below).

The trade winds are ano ther important regional cli
matic influence on San ta (see Large scale climatic and
oceanic conditions around San ta). Vanua tu lies in that
part of the western tropical Pacific which benefits from
the sou th east trades, and so the predominant wind
pattern across Santa in any season is trade wind flow
from the east to sou theast, averaging around 5 knots .
The wind flow during the summer hot season is gene
rally light er and more variable, whereas during the
cooler winter season, trade wind flows become more
persistent and freshen to an average 10 kno ts. Because
the sout h east trade winds blow uninterrupted across
vast stretches of open ocean, they hold large amounts
of moisture derived by evapo ratio n at the sea surface .
Santo s western mountain range int eracts with the

Figure 38: Satellit e image on 7 March 2000, showing cloud
formation organi sed along the South Pacific Convergence Zone.
The SPCZ lay to the north of Vanuatu, so Santo experi enced
generally fine weather. Base image courtesy of the Japan
Meteorological Agency.
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moist south east wind Ilow This gives orographic
rainfall enhancement in the highlands, but also pro
duces a rain shadow effect across the island, such
that the south and east windward side of the moun
tains receive more moisture than the leeward west
coast. Episodes of the positive phase of the El Nino
Southern Oscillation (ENSO) can cause the south east
trade winds to die down or reverse in direction.

Figure 39: Synoptic weather chart for the western South
Pacific on the morning of 2nd February 2009 (5 a.m. Vanuatu
Standard Time). The centre of the South Pacific Convergence
Zone is drawn through Solomon islands, passing to the north
and east of the Vanuatu group. Note the large low pressure
system forming to the west of Santo which extends a trough to
the central and southern islands of Vanuatu. The low gradually
deepened and moved south, and brought thunderstorms
and heavy rain for several days to Santo. Courtesy of the Fiji
Meteorological Service.

AVERAGE CLIMATIC CONDITIONS

Figure 40: Climograph for Pekoa Airport climate station outside
Luganville (15031' S, 167" 13' E; 45 m a.s.!.). Means are based
on long-term records: rainfall 1974-2007, temperature 1973
2007, humidity 1973-2005 and wind speed 1985-2008. The
climate has two seasons, a hot wet season from November to
April and a cooler 'dry' season from May to October. Data kindly
supplied by Vanuatu Meteorological Services.
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Climate data for Santo are available for one long
term weather station, located by the coast at Pekoa
International Airport (15°31'S, 167°13'E), so
detailed climatic description must necessarily be
limited mostly to this station. The airport is situa
ted outside Luganville in the south east corner of
the island. The weather station lies at an elevation
of 45 m a.s.l. since the airport is built on an uplif
ted limestone terrace. Reliable data records exist
[or temperature, rainfall and humidity back to the
early 1970s and for wind measurements to the
mid-1980s. Figure 40 summarises the long-term
monthly averages at Pekoa station. Precipitation
totals 2252 mm per annum, of which 66 % is distri
buted in the wet season and 34% in the dry season.
Rainfall in the highlands of the western peninsula,
and on the windward flanks of Mt Tabwemasana
which rises to 1879 m in the south west of the
island, is expected to be much greater due to oro
graphic effects. Elsewhere, mainly in the basins of
the Sarakata and jourdain Rivers, some other pre
cipitation measurements are also available owing
to hydrological research undertaken by ORSTOM
(now IRD) from 1981 to 1984. Eight raingauges
were installed in coastal and inland locations addi
tional to Pekoa, for which average yearly rainfall
was estimated (Table 2). It is seen that there is good
correlation between elevation and annual precipita
tion (F ig. 41).

February is the wettest month on Santo, on ave
rage receiving 299 mm of rainfall at Pekoa, whe
reas August is the driest month, receiving 83 mm.
Temperature is continually warm owing to the low
latitude and surrounding warm ocean, and varies
little throughout the year; there is just a 2.5 degree
mean annual temperature range between August
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Table 2: Average annual rainfall at nine sites on Santa. Values
are based on 1974-2007 data for Pekoa and estimated from
1981-84 data for all other sites. Data provided by Vanuatu
Meteorological Service and from ORSTOM (1985).

Site Elevation (m) Annual rainfall (mm)

Pekoa 45 2252
- - -

Saraoutou 15 2620
-_. ,+-- - -

Fanafo 160 4000
-- - H- - -

Butmas 440 5120
- ------- "

Peren 190 4300
- - --- -- .. _----- ------

Tankara 60 5550
,1- ------

Matantas 10 3010
---. ..... - _ .

Nassara 260 3560
--

Bakakara 162 5480

(24 .1QC) an d] anu ar y (26 .6 °C) .Diurnal tem perature
ran ge is aro u nd 6 degrees . Moun tain temp eratures
are apprec iably cooler than at sea level , especially
at night. Relat ive humidity lik ewise displays little
average vari ati on betw een 79.4% in Sep tem ber and

Elevation above sea level (m)

Figure 41 : Linear regression betwe en average annua l
precipitation and elevation at nine sites on Santa (sites are
listed in Table 2) .

85.8% in March. The combinati on of lower rainfall ,
slightly dec rease d tem pe rat ures and atmospheric
humid ity, and fresher trad e winds during th e dry
seaso n, make co nditions feel more comforta ble a t
th is time of year (Fig. 42 ) .

Figure 42: Clouds form above the peaks of western Santa's volcanic ranges, whilst the coastal lowlands of the Big Bay area enjoy
morn ing sunshin e on 6th August 2006.

CLIMATIC EXTREMES

Ex trem es in clima te have been record ed that
deviate far fro m the mean conditions described
above . Drought effects ca n be experienced ow ing
to moisture sho rt age in th e dry season o f dri er
th an-average years. The driest month on record
is August 19 79 , w hich rece ived on ly 1.4 mm
of precipitat io n , clo se ly followed by Sep tembe r
1983 when only 2.8 mm of rain fell. Often, pro
longed rain fail u re res u lting in ex ception ally dry
years is linked to positive phases o f th e El N ino
Southe rn Oscill at ion (El Nirio epi sod es) , whe n

rainfall ac ross Vanuatu dro ps below average. One
index of th e s trength of ENSO is the Southern
Osci llat ion Index (SOn , which is a measur e of
th e m ean monthly a tmosp her ic pressure di f
feren ce bet ween Tahiti (French Pol yn esia ) in
th e centra l Sout h Pacifi c and Darwin, Australi a .
Mo nthly va lue s of th e SOl sho w no correla tion
with mo n th ly rainfall tot als in San to because of
the seaso na l nature of Vanua tu 's rain distribution .
Ho wever, figure 43 illustra tes how the pattern in
average SOl valu es (l 2-mo nt h ru nning means)
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April 2005 is th e wett est m onth on record . In th is
month , th e Sout h Pacifi c Co nverge nce Zone was
s trong and acti ve , ex te nd ing from the region north
o f New Guinea southeast towards Fiji (Fig. 44) .
Precipitati on was at least 125 % of ave rage over
much of Microne sia , Vanuatu, and parts of Ne w
Caledonia , Fiji , Tonga and Niue, with some lo ca
tions me asuring m ore than 300 % of n ormal
rainfall. As a result of this convergence activity,
weather was very wet acro ss Vanuatu generall y
Pekoa measured 950 mm for April 2005, with
five days in the mo nt h receiving dai ly rainfalls
exc eed in g 100 mm.

Figure 44 : Outgoing Long-wave Radiation (OLR) anomalies, in
Wm-'. Blue shading equals high rainfall and yellow equals low
rainfall. The April 2005 position of the sPCl, as identified from
total rainfall, is indicated by the solid green line, compared to the
average SPCZ position shown by the dashed green line. Image
courtesy of NIWA (2005 ) .
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bear s good rela tions h ip with equiva len t average s
( tha t remo ve seasoriality influen ces) for precipi
ta tion pa tterns on San to . The 1982 /83 El Nirio
epi sod e resu lted in the two driest years on record:
1075 .0 mm ( 982) and 685.3 mm (983), wh ich
are only 48 % and 30 % respectively of the mean
ann ua l p rec ip itation .

Figure 43 : lime series from 1974 to 2008 of monthly values of the
Southern Oscillation Index (501) and monthly rainfall totals for
Pekoa climate station. To remove seasonality effects, 12-month
central mov ing averages are also drawn (bold brown and blue
lines). These average plots show some similarity in pattern and
some (alth ough not all) periods of relatively low and high rainfall,
e.g. the 1982/3 (dry) and 1988/89 (w et) periods, correspond
to episodes of strong ENsO activity. 501 data provided by the
Australian Bureau of Meteorology (BoM, 2009) .
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TROPICAL CYCLONES

The most extreme meteorological conditions on Santo
occur during tropical cyclones. These rotat ing migra
tory storms normally bring furious wind s, intense
rainfall and powerful waves. The most intense storm
so far this decade to afflict Santo was Cyclone Ivy in
Febru ary 2004 , which attained category-4 (hurricane
in tensity) strength. On 26th Febru ary (local time) Ivy
tracked imm ediately east of Santo as a mature sys tem

4 - Estimated by with a well-developed, sym metrical eye and
the Joint Typh oon maximum sustained winds" estima ted up
Warning Cenler, to 90 knots near the centre (Fig. 45). More
Hawaii, using
l -rninute averages. recentl y, Cyclone Funa passed direc tly over
5 - Estimated Santo on 17th January 2008 at category-Z
by Vanuatu (storm intensity) (Fig. 46), with a min imum
Mete orological
Services, using central pressure of 970 mb and sustained
lO-minute averages. winds> of 55 knots.

Vanuatu wa ters are a common route for cyclo ne
paths , com pa red to areas farth er eas t in the west
ern trop ical Sou th Pacific. From 1970 to 2006, 84
cyclo nes affected parts ofVanuatu with strong winds,
givi.ng an average frequ en cy of abou t 23 per dec
ade . Peripheral cloud bands assoc iated with other
cyclones that d id not pass close to Vanuatu may
also have delivere d heavy rains to San to, Cyclone

20 30 40 50 mm r

Figure 45: Satellite image of Cyclone Ivy captured by the
Tropical Rainfall Measur ing Mission (TRMM) at 14:43 UTC on
25/02/04, mak ing landfall on the eastern coast of Malakula
Island, In spite of the strong winds experienced, the cyclon e
was a relat ively 'dry ' storm for Santo: the eye is surrounded by
main ly moderate rain rates (green areas) with the mo st intense
rates (dark reds) present in rain bands off to the east. Image
produced by H. Pierce (NAsA-GsFC).
TRMM is a joint mi ssion between NASA and the Japanese
Space Agency.

tracks between 1990 and 1999 are illustrated in fig
ure 47. Th is shows that most storms affecting Sant o
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do not develop nearby, but instead form at lower
latitudes (farther north) and approach the island
either directly, or sometimes following convoluted
tracks, before passing away to the south. Individual
cyclones are often known for their erratic move-
ment and therefore cause problems for forecasters to
predict, but in general terms they tend to maintain
southerly or south easterly movement until south of
20 0S, when they steer along parabolic curves more

Table 3: Maximum daily rainfalls greater than 50 mm, produced by
tropical cyclones from 1981-2008, at Pekoa climate station. Data
provided bythe Vanuatu Meteorological Services.

Cyclone Maximum I-day Date of
Name rainfall (mm) occurrence

Cliff 2.4 15th Feb 1981

Gyan 12. 23rd Dec 1981

Joti 7;2 4th Nov 1982

Beti 75.4 6th Feb 1984

Eric 100,8 15th Jan. 1985

Nigel 24 . 18th Jan. 1985

Hina ..8 14th Mar 1985

Keli 220 13th Feb 1986

Patsy 15th Dec 1986

Uma 131. 5th Feb 1987

Anne 2, ts 11th Jan 1988

Bola 262.2 29th Feb 1988

Eseta a7.1 18th Dec 1988

Lili 171.5 8th Apr 1989

Betsy 77.5 9th Jan 1992

Daman 17.5 15th Feb 1992

Esau 219. 25th Feb 1992

Prema 7. 29th Mar 1993

Sarah 6 .6 24th Jan 1994

Tomas l27: 25th Mar 1994

Fergus '65. 26th Dec 1996

Susan 6th Jan 1998

Yali 9&.0 20th Mar 1998

Zuman 2 .7 1st Apr 1998

Dani 48. 19th Jan 1999

Ella IOn 5th Feb 1999

Iris 11 .0 10th Jan 2000

Paula 119.6 27th Feb 2001

Sose 12 .6 7th Apr 2001

Gina 1150 9th Jun 2003

Ivy 4.0 25th Feb 2004

Kerry a9, 6th Jan. 2005

Funa 87.3 18th Jan. 2008

towards to the east, before entering and dissipating
in extra-tropical waters beyond 25 "S. Cyclones can
affect Santo in any of the hot season months from
November to April, but the greatest frequency is in
January and February.

Several of the highest daily rainfalls on Santo were
produced when cyclones followed unusually complex
or looping tracks through Vanuatu, thus extending
the time for moisture delivery, for example cyclones
Bola in 1988 and Esau in 1992. Table 3 lists maxi
mum daily rainfalls generated by cyclones in recent
decades, above an arbitrary threshold of 50 mm; the
highest recorded I-day total was 266.6 mm on 24th
January 1994 during the passage of Cyclone Sarah.
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Figure 46: Synoptic map of the south west Pacific on the
afternoon of 17thJanuary 2008. Cyclone Funa has tracked across
Santo from west to east within the previous hour, bringing peak
sustained winds of 55 kts, Maximum daily rainfall of 87.3 mm
was recorded at Pekoa station at 9 a.m. on 18thJanuary for the
previous 24 hours. Map courtesy of Fiji Meteorological Service.

Figure 47: Tracks of tropical cyclones in the decade 1990-99
affecting Vanuatu (centre of map) and surrounding areas of
the south west Pacific. Line colours indicate the degree of track
complexity: blue - relatively straight; green - moderately curvy,
red - sinuous. Image courtesy of Nick Rollings, formerly GIS
Unit, University of the South Pacific.
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Christophe Maes & David Varillon

From an oceanographic point of view, the geo
graphical position of Santo places it within a very
interesting transition zone between the largely
zonal equatorial circulation and the subtropi
cal gyre circulation to the south. In the gyre, the
circulation of the upper ocean layers, typically
throughout the upper one or two kilometres of
the water column, results directly from the wind
driven transports in the Ekman layer and from the
geostrophic flow produced by the pressure gradi
ent forces down to bottom. Under the trade winds
the major westward components of the Pacific
equatorial current system are the North Equatorial
Current and the South Equatorial Current (SEC).
These currents respond quickly to variations in the
wind fields and they are therefore strongest during
the winter of their respective hemispheres when
the trades reach their greatest strength. The sub
tropical part of the SEC (near 15° S) blends with the
northern limb of the subtropical gyre circulation of
the South Pacific that transports water toward the
equator at the depth of the main thermocline. The
mass temperature and salinity characteristics of
that water were formed far away to the southeast
when that water was at the surface and interacted
with the atmosphere. By transporting water masses
over such long distances toward key regions such
as the equatorial band where climate events as El
Nino occur, the various pathways of this ocean
circulation are of primary importance for under
standing the role of the ocean in the global climate
system. A more precise understanding of the role
of the global thermohaline circulation and of the
confluence of many different water masses appears
crucial nowadays. Consequently, the western
equatorial Pacific Ocean, as a crossroads for ther
mocline and intermediate waters formed at higher
latitude, has gained renewed attention in recent
years. However, the region presents a serious chal
lenge to our descriptive abilities because of strong
temporal variability, complicated topography and
non-linear dynamics. Direct observations at sea
remain relatively sparse and are often confined
near the main routes of commercial vessels. In
addition, it had been generally assumed that the
circulation in the subtropics of the southern hemi
sphere was weaker than in its northern counter
part. This perception was in part confirmed by
large-scale analyses of hydrographic measurements

long-term trends in the strength and position of
the SPCZ, the Australian summer monsoon and
the trade winds.

The Pacific Ocean is the largest of
the oceans. It is divided by an inter
oceanic ridge system close to its east
ern boundary, producing sub-basins
in the central and western Pacific
Ocean similar in size to the Atlantic
and Indian Oceans. In the southwest

r;::;l n Pacific, New Zealand and the various6 Melanesian Islands and Archipelagos

~
provide natural boundaries for the

o 0 adjacent Tasman and Coral Seas.
The Vanuatu archipelago, includ
ing Santo, marks the main entrance
of the Coral Sea that is bounded,
respectively, northward and south
ward by the Solomon Sea and the
New Caledonia basin. Over such a
vast area, the climate of the region is
mainly controlled by its oceanic con-
text and by large-scale atmospheric

circulation features. The latter include the trade
winds, the Hadley and the Walker circulations,
the tropical convergence zones, the subtropical
high-pressure belt and the zonal westerlies to
the south. The InterTropical Convergence Zone
(ITCZ) lies just north ofthe Equator and the South
Pacific Convergence Zone (SPCZ), extends from
near the Solomon Islands to Samoa and beyond.
Convergence zones are regions of lower pressure
where converging, rising air produces clouds and
rainfall. The southeastern Trades associated with
the SPCZ are weaker than their northeastern
counterparts, but they are extremely steady such
that completely calm conditions under the SPCZ
are encountered not more than 30% of the time
over the course of a year and the region is one of
the most persistently cloudy regions on earth. At
seasonal and biannual timescales the southwest
Pacific region is also under the influence of the
Australian summer low pressure that produces
a monsoonal wind pattern in the northern Coral
Sea and across the Vanuatu archipelago. The
Australian monsoon circulation results mainly
from feedbacks in the seasonal cycle of the atmos
phere-ocean interaction in the warm water pool
region (a vast area of the western tropical Pacific
with surface water warmer than 28°C). The warm
pool and its local variability also influence the
generation and propagation of tropical cyclones,
which occur in the region during the October
May period. Because of the significance of these
major circulation features, long-term climate
trends are largely determined by corresponding

Climatic and Oceanic Conditions
@ around Santa
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that indicated a br oad westward flow at a depth o f
a few hundred met ers . This point of view began
to break down on ly in ea r ly 2000 when se ve ra l
studies re ported th e ex istence of a series o f zonal
jets re sultin g from th e sp li tt ing of th e SEC flow
by th e topography asso cia ted with the main reefs
an d archi pelagos of th e sou thwest Pacifi c Ocean.
Recen tly, di rect ob serv ati ons from an underwat er
au to nomous glider have of fered th e first desc rip
tion of the zonal jets entering the Coral Sea thro ugh
th e gap betw een New Cale donia and the Solom on
Islands. Th e main pattern s o f th e circu lation across
th e Van ua tu arch ipe lago thus rely on th e charac
teri sti cs of th e so-ca lled North Vanua tu j et (NVj) ,
a 300 km wide westward curr en t that is associated

with the slope of the main thermoclin e between
12° Sand 16° S. When entering into th e Coral Sea
the NVj is choked by the topogra ph y between th e
Banks Islands and the northern tip of San to res ul t
ing in a separation of the water originating from
the Fiji archipelago. The relatively de ep ex tens ion
of the NVj along the water column, as reveal ed by
autonomous deep floats (at -1000 m depth) , also
represents a surprising result that is not comple te ly
understood. All these recent results need furth er
stud y to understand the relationship of th e jets
with smaller scales and coastal dynamics. How ever,
to our knowledge , no existing inv esti gati ons have
foc used on the circulation pa tte rns in th e immed i
ate vicinity around Santo.

CLIMATIC VARIABILITY

1200W

3029

1600 W

160 0W

2827
I

1600 E

1600E

26
I

25

120 0E

wes t fringe of the warm pool as sh own in figure 48 .
Becau se of the ongo ing MOTEVAS program which is
dedicated to geodes ic stud ies, observations of in situ
temperature and salinity at two sites on the wes t
ern side o f San to , namel y the Sabine and Wu si banks
(near 16°S-166° 20' E and 15° 20'S-166° 30'E, respec
tively) , are avai lable since the end of 1999 (Fig. 49).
Thermal and conductivity senso rs are installed there
with a tid egauge ancho red at a depth of 15 m and

so, these measurem ents cou ld be thus
12?OW viewed as represent ative of the sur face.

1---""iiiiIiiiiiiiiiiiiiiiiiiii':'iiiiiiiiiiiiiiiiiiiiiiiiiiiiii~;;;;;;;:;;;;~--_--L-~;-Ir- These timeseri es illustrate the dom i-

0° nance of seasonal to in terannual vari 
ations in the clim ati c condit ion s near
Santo. Whereas th e tem perature var
ies seasonally with a typical ran ge of
4-5°C the salinity appears more repre
sentative of the interannual conditions.
Using a 25-year tim eseri es of SST nea r
the Sabine bank a spectr al ana lysis
reveals an interannual band between
two and seven years with a maximum
peak around 55 years . In add itio n , the
variations in salinity measured from
thermosalinographs inst alled on com
mercial vessels also con firm that a dif
feren ce larger tha n 0 .2 exists between
periods of La Nina (positive SOl) and El
Nino (negative SOl) conditio ns . Even
if local rainfall plays an unqu estion abl e
role in th e salinity variations , these dif
feren ces indicate d ifferen t origins of the
water masses around Santo depend ing
on the interannual state of the equa to
rial Pacific Ocean . Another int er est
ing point regards the quite per man ent
differen ce in tem perature as large as
2°C between Sabine and Wu si banks
during the aus tral winter season. Th e
difference may result from the effect
of wind-driven coastal upwelling that

10°5-

20°5

10°5

30°5

Figure 48 : Mean Sea Surface Temperature (in QC) of the southwest Pacific at the
seasonal timescales (DJF ind icates December-January-February and JJA indicates
June-July-August). The dark line represents the 28 QC isotherm and subtropical
values below 22 QC are not represented . The black star recalls the position of
Santo.

• • • Seasonal and interannual variations
Th e most important seasonal variability in the dynam
ics of the south west Paci fic Ocean is linked to the
displacemen t of the SPCZ which shows more mo ve
me n t in austra l sum mer than at other time s of the
year. Such variabili ty is strong ly coupled to the very
warm sea surface temp erature s (SSTs) above 28 °C
of th e tropical war m pool. Th e variations observed
at San to reflect primarily its position on the south-
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appears during the strongest season for the trades.
These upwelling events may share some similar ori
gins and dynamical processes with the variability
observed during strong cooling events off the west
ern barrier reef of New Caledonia.

Figure 49: Timeseries of the Southern Oscillation Index, of
in situ SST at Sabine and Wusi banks and of the sea surface
salinity (555) at Sabine bank for the period 2000-2004. The
thermal and conductivity sensors are located at 15 m depth.
On the lower panel the star symbol represents the salinity
measurements collected on commercial vessels in the context
of the ORE-SSS (www.legos.obs-mip.fr/observationslsss).

Another very important climate change for island
communities of the South Pacific concerns the rise
of the mean sea level. Sea level tendencies suffer
however from the same uncertainties as the surface
temperature variations with regard to the possible
influence of decadal fluctuations. The large varia
bility in climatic signals and the shortness of many
of the individual records contribute to uncertainty
of historical rates of sea-level rise. For 1993-2001,
all the data available exhibit large rates of sea
level rise, approaching 30 mm/yr, over the west
ern Pacific Ocean. If there is some evidence that
the sea level rise observed over the las t decade is
largely due to thermal expansion, present estimates
are still sufficiently uncertain to exclude other con
tributions. For instance, a clear freshening trend
of the order of 0.1-0.3 per 30-yr, together with an
extension of the low-salinity water at the surface,
has been reported from a recent analysis of sea sur
face salinity measurements in the SPCZ region.

of similar magnitude and they are independent.
However, the physical processes involved in these
different fluctuations are still the topic of an open
debate that depends in part on the tropical or extrat
ropical origin of the particular phenomenon. Among
the different theories, a particular emphasis has
been placed on the importance of the South Pacific
in sustaining tropical decadal variability through
remote influence of the atmospheric circulation.

Superimposed on the decadal variability that may
be inferred from modern observations is an accel
eration of the warming trend over the last 50 years
that is due to the increase of anthropogenic gases
in Earth's atmosphere. An increase is observed not
only in the ocean heat content of the upper layers
but also in the deeper layers of the oceans. These
climatic changes and their future projections over
the next 50 years are very important consequences
for coral reefs. Although it may be tempting to link
this warming to the enhanced greenhouse effect,
the response of the entire Pacific to El Ni n o- or
La Nina-Iike conditions remains still uncertain.
Coupled numerical models as well as historical
reconstructions based on sparse observations such
as those most often used for the SST field have their
own flaws and caution is required in using them as
evidence of the present climate variability. Similar
conclusions have been drawn from the various
paleoclimate proxies that describe the variability
during the last millennia. A great advantage of these
last data is that they facilitate separating the natural
from the anthropogenic effects. Coral proxies in the
South Pacific indicate however that expansion of the
SPCZ would imply a gradual change in the South
Pacific to more La Nina-Iike conditions in the long
term mean. Such variations in the position/displace
ment on decadal time scales of the SPCZ influence
not only mean precipitation, but also daily rainfall
and temperature extremes as observed on islands.

., .
200420022000
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SASINE bank
Thermosalinograph
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• •• longer term changes and trends
Connections between the tropical and subtropical
oceans through the wind-driven meridional overturn
ing ocean circulation are believed to be of primary
importance for decadal and longer temperature fluc
tuations. This phenomenon is referred as the Pacific
Decadal Oscillation in the North Pacific whereas, in
the South Pacific, it is also known as the Interdecadal
Pacific Oscillation (IPO). This variability is charac
terized by low frequency fluctuations with -15 to
-30-year time-scales. During the 20th century three
phases of the IPO have been identified:

• A positive phase 0922-1944);
• A negative phase 0946-1977);
• Another positive phase 0978-1998).

Spatial patterns in these decadal trends are strongly
affected by the SPCZ, especially for the changes
during the mid-70s. The shifts in the position of the
SPCZ are apparently related to El Nino Southern
Oscillation variability on interannual time-scales
and to the IPO variability on decadal time-scales.
The variations at the two time-scales appear to be
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• •• Currents around Santa
Th e most pro mi ne n t feature of th e ocean circula
tion in th e South Pacific is th e su btro pica l gyre,
consisting of the Sou th Equatorial Current (SEC) at
around 15°S, th e East Australian Curren t , and the
eastward retu rn cur ren t and the Peru/Chile current
in the eas tern Pacific Ocean (Fig. 51A) . However,
the tradi tion al and climatological view of the SEC
as a broad and weak west ward [low is misl ead ing.
Becau se of th e presen ce of sha llow and co mplex
top ograph y associa ted with islands and reefs th e
SEC, the infl ow to ward th e so u thwest Pacif ic is
broken int o seve ral narrow zon al jets at the south
ern and northern tips of the larger islands such as
Fiji , New Caledonia and Vanuatu . A more careful
con sideration of the influence of the topograph y in
updated ana lyses based on histori cal hydr ographic
da ta se ts has led to the recogn ition of th ese zo na l
struc tures in the ocea n circu lation of the southwes t
Pacifi c . However th e amp li tude and th e proper
ties of these different pathways for the SEC inflow
remain s poo rly docume n ted. These je ts have been
directl y observed with recently developed observa
tion al tools such as sea gliders and their dyna mics

167'E

Potential temperature COc)

IS

\

166'E

14

o+---'---'-------'-----'-'-----'----'-----lrr-rrrlr-+
40
SO

120
160
200
240
2S0
320
360

400 +-'""'F'---.---.-----,-,---.-,--.-----.--+
10

400

SOO

IS' S

16'S

14' 5

13' 5 +-----'---'---------';:-_-'------'---_'----'--+

17'S +----,-,-----,-,-----,--,---T'--+
165' E

Figure 50: Distribution and profile s of temperature (in "C) and salinity observed in the
southwest region of Santo (green symbols). On the geographical map the red stars
indicate the position of the sensors at Sabine and Wusi banks (see figure 49) . On the
T-S diagram the continuous and dashed lines indicate the corresponding isopycnal
values (kg/ rn-). The lower figures zoom on the upper layers as shown in the middle.

• •• Water masses
The SST and SSS features result princ ipa lly from
dir ect air-sea int eractions and th e action of the
winds drivin g the ocean circulati on of the upper
layers. Heat and freshwater transfer between the
atmosphe re an d the ocean pen etrates into deeper
layers th rough the sur face mixed layer. In the trop
ics , winter coo ling is not st ron g enough to des troy
the seasona l stra tification , and a perma ne nt ther
moclin e is maintain ed throu ghout the year. It is
a transi tion zone from the warm wa ters of th e
surface layer to the cold waters of grea t oce anic
dept hs. Th e processes that form ed the permanent
thermoclin e and fixed its properti es are govern ed
by a co mbin ation of water mass form ation and
vertica l pumping in response to the wind . The
wat er masses of the thermoclin e are injected in
th e subt ropical convergence zone at in termed iate
depths through a subduc tion mech ani sm . Because
their prop erties are fixed at the sur face these wa ter
masses kee p cha rac teris tics that can be traced in
tem perature-salini ty relat ion sh ips along isop yc
nal surfaces . Six thermoclin e water masses can
be distinguished in the Pacific Ocea n, and the
most saline of them is observed in r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,

the wes tern and southern regi on .
Below the thermoc1ine depth the
water co lum n is mainly filled wi th
interm ed iate wa ter charac ter ized
by a minimum in salinity near the
800-1000 m depth . All th e above
features are illu st rat ed by the ver
tical profiles of temperatu re and
salini ty (Fig. 50), observed on the
west ern sid e of Santo and recorded
by au tono mous floats of the inter
nation al ARGO program. The bot
tom of the mixed layer deepens
to 120 m depth during the boreal
su mmer (linked to the colde r tem 
peratu re as show n in Fig . 49) and
is sh allower than 20-40 m dur- 1200

ing boreal win ter. The perm an ent
1600

thermoclin e corresponds to wa ters
with temperature between 10 and 20 00

20 °C ass oc ia ted with the maxi
mum salinity near 200 m depth .
The intermediate waters fill th e
lower part of the column, down
to 2000 m depth and deeper, and
th ey could be identified by a mini
mum in salinity. Th e rest of the
ocea n depths is filled with abyssa l
wa ter masses those the ori gins are
lin k ed to the Antarctic botto m
wat er. Suc h waters are renewed
very slowly and their westward
spreading is strongly influenced by
the bo tto m topography.
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Figure 51: A: General sketch of the South Pacific Ocean circulation (from Tomczak & Godfrey, 1994) . B: Integrated mean circulation
(units in m-/s) in the top 1000 m depth.

have s ta rted to be properly simulat ed with hi gh 
reso lution numerical models. The mean int egrat ed
circu la tion of th e to p 1 000 m arou nd San ta from
one of th ese models is displayed in figur e SIB . On
th e eas twa rd side of the Vanuatu archipelago th e
wes tward flow is associa ted with the su bt ro pica I
limb of th e SEC that has been deflected by th e Fij i
Islands . This flow is itself deflected by the presence
of seve ral islands before entering into the Coral Sea.
Th e circu lation on the westward side of the island s
is also much more complicated with the presen ce
of seve ral coun ter-curr ents in the lee of th e Banks
Islands and San to. Most of the flow that is choked
off by these islands is observed at the northern tip
of San to an d is slig h tly de flected equa to rward in
th e Cor al Sea . Northward of th is pos ition a sec-

o nd br an ch of th e so-called North Vanua tu J e t is
also deflect ed eq ua to rwa rd by th e Ban ks Isl and s.
Th ese two com po nen ts ar e nearly zo na l and flow
wes tward after th e bifurcation toward th e coas t o f
Aus trali a. On th e westward side of Santo th e eas t
ward cou nter-current bifurcates near th e coast and
most o f the flow is de flected towa rd th e so u theas t
before joining the westward flow between 17° Sand
18°S that represents one of the sources of th e North
Caled on ian Je t. The variability of th ese j ets is still
largely unknown but they must var y in ph ase wi th
th e in terannual response of the trade winds and of
ENSO. In the intermediate layers and deeper , th e
circu latio n is globally westward with typi cal speed
am plitu de of several mm/so For such circulation th e
in fluence of the bottom topography is essen tial.



History of Biodiversit'l Exploration and
Scientific Expeditions on and off
the Island of Santo Bruno Corbara & Bertrand Richer de Forges

Th e aim of these few lines is not to
draw up an exhau stive inventory of all
of the data that the botanists , zoo lo
gists , ecol ogists and marin e biologists
who have conducted research on and
off of the island of Espiri tu San to have
gathered since th e first Europeans
landed on the island . Because of the
lack of easily accessibl e information
-and despite the relative low level

of inte res t shown by biologis ts towa rds Vanuatu
during the last centu ry compared to other part s of
the world - su ch an aim would be out of reach
for the non -historians that we are. More reason
ably, we shall focus below on the data collected
through the collective effort tha t has preceded the
San to 2006 expedition , and tha t has significantly
increased our knowledge of the terrestrial flora
an d fauna of Vanuatu.

Of cours e, in a certain manner, the first biodi
versi ty explorers on Santo were - as far as we
know- the first Lapita settlers more than 3000
years ago . Also, today, the vernacular botanical and
zoological kno wledge that the Ni-Vanuatu villag
ers possess illus trates the richness of the human
perception of div ersity; thi s kno wledge can be
lin ked to the potential use of the plants and ani
mals conce rne d.

No doubt the first European explore rs were also
in terested by the (for them) exo tic flora and fauna
of the island , and by the local dom est icated plants
and animals; howe ver , for obvious geopolitical
reasons , their first scientific aim was geographic
(cart ographic) . In 1606 , during Quires' expedi
tion , Torres , the captain and pilot of the second
ship (the "Almiranta" San Pedro) was also a cartog-

rapher. He and Prado y Tovar drew the first repre 
sentations of the coas t of La Aus trialia del Espi ritu
Santa - as Quiros had nam ed the island . One of
Tovar s maps , which ind icates the ships' mooring
sites ins ide of the present-day Big Bay, see ms to
reflect the strong impression the mountains and
forests of the island made on the Spaniards: trees
were drawn as if they were many hundreds of feet
high on top of the mountains. The Spaniards, who
spent 36 days on Sant o made more or less reliab le
obs ervat ions abo u t the local flora and fauna. "We
have seen on Santo ", Quiros writes , "a tree with
su ch a large trunk that 15 to 20 men could not
mak e a circle around it with their arms."

In August 1774, james Cook reached the new
ly-n amed New Hebrides aboard the vessel , The
Resoluti on. On board were johann Forst er and
his son George, who gathered the first substan
tial botani cal collections on the archipelago. The
Resoustum, ho wever, only made a short landing on
Santo, no rtheas t of the Cumberlan d Pen insu la. A
few years before, the Fren ch gove rn men t had sent
Louis Antoine de Bougain ville with two vessels ,
La Boudeuse and [ Etoile, to the Sout h Pacific. Th e
Fren ch botanis t Philibert Commerson participa ted
in this expedi tion (1766-1769) that also visit ed the
New Hebr id es.

Others scientists followed, but they seld om pen
etrated into San to's interior. It was onl y at the very
beginning of the 20 th century (Aug us t, 1901)
that one of them , the botanist Ollivier, crossed
the southern part of the island. Th e trip too k him
six days, from the Segond Channel to Big Bay; he
needed the help of a team of thirty port ers ta cross
a coun try which was , at that time , cons ide red a
very inhosp itabl e area.

THE WHITNEY SOUTH SEA EXPEDITION (1920-1932)

Under the leadership of the ornithologist Rollo Beck
from San jose, Californ ia, the "Whimey South Sea
Expedit ion" was organized primarily to collect orni
thological and oth er zoo logical specimens for the
American Museum of Natural Histo ry (AMNH) in
New York City (Fig 52). The expedition was financed
by a fund provided to the Museum by the philan
throp ist Harry Payne Whitney, a rich , thorou ghbred
ho rse breeder. During over more than 12 years , a
team of scien tists and collectors, travelling on board a

Tahitian sailing ship named France, visited hundreds
of islands in the South Pacific Region. They collected
more than 40 000 bird skins, as well as man y oth er
animals (rep tiles) and plant specimens. Beck's wife,
Ida , who part icipate d in the expedition and had a
personal int erest in Oceanic cultures, oversaw the
extensive collec tion of anthropological art ifacts and
photographs whi ch , for the most part, are now the
property of the Department of Anthropology at The
California Academy of Sciences.
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Figure 52: The logo of the Whitney South Sea Expedition .

Th e Whitney Sou th Sea Expedition visited Santo in
1926 . In 1929,ErnstMayr-who later became famous

The NaturalHistory of Santo

as an orni thologist and evolution ist- succeeded
Beck as the leader of the project. As the associa te cura
tor and then the cur ator of the Whitney-Rothschild
Collection of bird specimens in the AMNH, Mayr
collected bird specime ns in the Solomon Islands and
studied spec imens from Sant o. Th e study of these
collections enabled him to publish a ser ies of papers
in American Mus eum Novitates - the AMNH jour
nal- under the generic title "Birds collected during
the Whitney South Sea Expedition". They provid ed the
basis for Mayrs noteworthy ornithological field guide
published in 1945 , Birds of the Southwest Pacific, and
for other, more significant theoretical writings on
ecology and evolu tion . The success of the exp edition
also induced its patron to offer US$ 750000 to the
City of New York for the construction of the build
ing know n as the Whitney wing (built in 1936), one
ent ire floor of whi ch is dedicated to presenting the
birdli fe of the Pacific region.

THE OXFORD UNIVERSITY EXPEDITION TO THE NEW HEBRIDES (1933-1934)

On a sma ller sca le , bu t specifically co nce rn ing
Santo Island , the "Ox ford University Exp edition
to th e New Hebrides " directed by th e zoo log ist
J ohn Baker was und ertak en under th e au spi ces
of th e Ox ford Uni versity Exploration Club. Bak er
had alrea dy visited San to (mos tly the northeast ern
peninsula) in 1922- 23 and in 1927 with biological
and geographical objectives; during these expedi
tion s he climbed Mt Tabwem asana, which allowed
him to dr aw up a precise map of th e area th at was
publishe d in the The Geographicaljournal in 1929 .

In an article published in the same journal in 1935 ,
Bake r reminds us, based on his own experience,
that "it is not always easy to collect mon ey for sci
en tific expeditions". The organizers of Santa 2006
would undoubtedly agree with him! And , as Bak er
notes in his 1935 report: "our famous forerunn er,
Quires , had sent in no fewer than 51 'memorials '
asking for financial support for his pr op osed sec
ond expe dition to these islands ". Event ually, th e
Ox ford Unive rsity Expedi tion -which was also
spon sored by th e Roya l Society, th e Universit y o f
Oxford , New Co llege and th e Percy Slade n Trust-

cou ld take pla ce in San ta s tart ing from Sep tembe r
1933. The sma ll team co mprised six peopl e incl ud
ing Baker, his sister (a botan ist ) and his wi fe (a
pho tographer) . John Bak er s tresses the "two very
defini te main objects (of the expedition); namely
(1) to stu dy the breeding seasons of animals in a
climate which scarcely varies during th e course of
the year , and (2) to discover which is th e highest
mountain in the New Hebrides, to climb it , and to
survey the whole surrounding distri ct". His resul ts
were also published in different iss ues of th e The
Geographical Journal. The detailed s tudy of the
br eeding season of animals led to th e dissect ion
of ove r 3 000 bats , birds and lizards . During the
di fferen t ou tings conducted on the most mou n
taino us part of the island , Bake r an d his colleagues
co llec ted numerous sp ecies of an ima ls including
inve rte brates , des p ite th e fact that "th e heavy rain
made th e co llec tion o f insects very difficult" ; they
also ga thered "plants in flower, in cluding several
sp ecies o f Orch ids ". Climbing this mountain again,
Bak er cou ld co nc lude by means of barom etric read
ings that "th ere is no doubt that Tabwem asan a is
the high est mountain in the New Hebr id es ".

THE ROYAL SOCIETY-PERCY SlADEN EXPEDITION
TO THE NEW HEBRIDES (1971)

In 1968, at a meet ing of the Royal Society of
London conce rn ing th e results of an expedition
he ld in the Solom on Islands in 1965, the dis
cussion focus ed on the biogeographical relation
ships of the Solomon flora and fauna with those
of adjacen t island groups, and consequently th e
organisa tion of an international expedition in th e

New Hebrides progressively took shape. Mainl y
funde d by th e Royal Society and the Percy Slad en
Trust, th is expeditio n was led by K.E. Lee from the
Australian Com mo nwealth Scientific and Researc h
Organ isati on (CSIRO), an d involved 21 research
ers from seven co un tries. Members of the expedi
tion began arr iving in the New Hebrides on June
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20th, 1971, and all of the field work was com
pleted by October 24th. Six of the main islands of
the archipelago, including Santa, were explored.
Participants were specialists with different back
grounds in diverse areas of terrestrial biodiversity
which led to an extensive study of, inter alia, the
flora and phytogeography, vertebrates, and inver
tebrates (e.g. earthworms, insects). The quantity
of samples collected had no previous equivalent
for the area concerned, With, for example, more
than 15000 samples of insects obtained uniquely
through hand collection and by sweeping the foli
age of low vegetation.

In his final paper published in the special issue of
The Philosophical Transactions of The Royal Society
B, which compiled a dozen articles presenting the
results of the expedition, Lee writes that "before the
Expedition the flora and fauna of the islands were
little known and that a great deal of knowledge has
resulted from the Expedition's work". Two lines
later he notes that "there was much we could not
cover in our four months' work and there is wide
scope for further exploration of the islands' biota".
No doubt that both phrases remain relevant for
the Santa 2006 expedition despite its unequalled,
large-scale dimension.

THE TSUKUBA BOTANICAL GARDEN,
NATIONAL SCIENCE MUSEUM EXPEDITIONS (1996-2001)

In 1996, 1997, 2000 and 2001, the Tsukuba
Botanical Garden (lBG) at the National Science
Museum in Japan sent four successive botanical
expeditions to Vanuatu (mostly to Santo Island),
under the direction of Tsukasa Iwashina. Six to
nine botanists were involved each time, includ
ing Ni-Vanuatu participants from the Vanuatu
Environment Unit and Department of Forestry;
among them was Sam Chanel, who actively partici
pated in Santo 2006. The scope of the TBG expedi
tions included fern and fern allies, gymnosperms
and angiosperms (Fig. 53). The results were pub
lished under the generic title "Contributions to the
Flora of Vanuatu", in special issues of the Annals
of the Tsukuba Botanical Garden, and are available
through the website (http://ci.nii.ac.jp/voUssue/
nels/AN10009042_en.h trnl).

Figure 53: The understory of the forest in Santa, Cumberland
Peninsula, Saratsi Range, 600 m a.s.l.

DEEP SEA MARINE BIODIVERSITY DISCOVERY IN SANTO

Since the discovery of the Vanuatu archipelago
by Quiros in 1606, the marine fauna has been
known solely from specimens gathered by natural
ists along the shore (Fig. 54). The deep sea fauna
of the Indo-West Pacific was discovered during the
so called" Great Expeditions".

• The 1874 Challenger around-the-world
expedition sampled fauna from the western
Pacific. This great expedition, however, only
sampled a small area of the Coral Sea; after
some stopovers in the Fiji Islands, they sailed
towards the Torres Strait passing by the New
Hebrides archipelago (Vanuatu's former name
given by James Cook), without conducting
any sampling.
• In 1928, The Dana expedition sampled in the
Fiji Islands as well as at a few points in southern
New Caledonia.
• In 1951, The Galathea expedition sampled in
the Solomon Islands archipelago. Figure 54: The seashore; South of Santa.



Hence, the first deep- sea exped ition to sample on and
around the Vanuatu Islands was the MUSORSTOM
8 cruise on board the Alis, a small f rench oceano
graphic vessel (f ig. 55) . The deep sea fauna was
samp led along the slopes of the ma in islands o f
Vanua tu between 100 an d 1 500 m deep . W hile the
species co mposi tion o f the so uthern islands shows
some similar ities wi th New Caledonian deep-sea
fau na, the isla nds no rth of Elate Cl T"30' S) shelt er
di fferent species . On the deep sea floor, the am ou nt
of food available is very lim ited, and all of the
organic substra res sinki ng from the surface are inte
grated into the food web. By far, woo d makes up the
main organ ic su bstrate present in the deep sea . To
the north of Santa , Big Bay - wh ich is a very large
and deep bay- was also sampled . Th e fau na asso
cia ted wi th the su nken wood foun d there was so
different from that found elsewhere that a new sci 
entific program on sunken wood was es tablished .
As a resu lt , several o ther deep sea expeditions we re
organized to furt he r invest igate the dee p-se a fauna
arou nd Van ua tu and es pecia lly the no rt h o f San to
Island . Mul tibeam map ping complete d d ur ing the
cruises BOA 0, BOA 1 and SANTOBO A revealed
the very st range seabed morph ology of Big Bay:
two lon g, unde rwater rivers carve th rou gh the sea
floor (fig . 56 ) . The beds of these rivers are filled
with sunken woo d. Several scienti fic studies in th e
areas of zoo logy, gene tics and biogeography have

EJ66°50 '

The Natural History of Santa

Figure 55: The oceanographic vessel A/is belonging to IRD:
a 28 m long scientific trawler on which the sampling of the
slopes of Santo have been done.

been conducted on the deep sea fauna of Vanuatu .
A large list of deep sea species from Vanuatu is
already ava ilable through the Ocean Biogeographic
In format ion System (OBIS) websi te (h tt p://www.
iobis .org/) .
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Figure 56: Mapping of the bottom with the multibeam echosondeur revealed in Big Bay a complexe network of "fossil" rivers well
inscribed inside the sediments to more than 1000 m deep. In these river beds were collected plenty of sunken wood with their
associated fauna. The colors are describing the depth in meters, red for the shallowest and blue for the deepest.
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FAMOUS 20th CENTURY SCIENTISTS IN SANTO

Som e famous 20th century biologists spent a few
days on Santa or worked on samples collected
from the island . Here we sha ll dis cuss the work of
onl y three of them who, not surprisingly, are well
kno wn for their contribu tions to a better under
standing of island biog eography.

As we saw above, the great biologist Ern s t Mayr ana
lyzed the avian distributions of birds on 31 islands
in the South Pacific, including Vanu atu , largely on
the basis of collections mad e during the Whitney
South Sea Expedition . It is generally accepted that
these results have had a grea t impac t on the devel
opment of Mayr's evolutionary theori es.

In Janua ry 1955 , Edward Osbo rne Wilson, the

well known ant specialist and Robert MacArthur,
the grea t theoretician on island ecology and coau
th or of the fam ous book The Theory of Island
Biogeography, spent a few days on Sant o wh ere
he collec ted samples of his favorite insects in the
immedia te vicin ity of Luganville .

J ared Diamond, fam ous for his recent, best-selling
book s, including Collapse: How Societies Choose to
Fail or Survive also mad e some brief visits to th e
New Hebrides. His s tudies on the "distributional
eco logy of breeding land and fresh-water birds
in light of immigration-extincti on equilibria " are
largely bas ed on his own co llec tions and mo stl y
on da ta gathered in 1971 during the Royal Society
Percy Sladen Expedi tion to the New Hebrid es .

CONCLUSION

The San to 2006 Global Biodi versiry Survey is by
far th e largest expedit ion ever to take place on
Vanua ru ; moreover, it is prob abl y on e of the larg
es t ever organized on Earth since the beginning
of scien tific exploration. Based on the observa
tions and collections made during this expedi
tion , man y scien tific peer-reviewed articles will
undoubtedl y be produced ; som e have alrea dy
been published , others are in prepar ati on . Du e
to the scale of the exp edition , the diversity of the
disci plines involved and the unavoidable asyn
chronic rhythms in th e processin g of the col
lected samples and data, it is tot ally unrealistic
to conceive of a coordinated publication of the

results . Some efforts have been made towards this
end : for ins tan ce, a special issue of th e journal
Zoosystema published in 2009 by the Museu m
national d'Histoire natu relle and edited by one
of us includes 17 contribu tions describing new
zoolo gical taxa coll ected from the bottom of th e
sea to montane forests . Undoubtedly, the present
book will remain the bes t acco unt of the exp ed i
tion for gene ra tions to come -and ma ybe, by
that tim e, among the you ng participants in San to
2006, so me will have becom e as famous as Erns t
Mayr or Edward Wilson are for today's biologists ,
partl y due to discoveries mad e on and off Espiritu
San to Island.



on Santa and Logging Operations
Rufino Pineda

When prep aring the Santo 2006
Biodiversi ty project , projec t organizers
involved in Forest component of the
expedition were puzzled. All road s on
the easte rn part of Santo lead to plan
tations I Virtu ally no fores t in sight I

Ind eed , forests on San to , as for most
if no t all islands of this size, have been
severely impacted by hu man act ivities.

The first s ignificant step in the deforest
ation pro cess occurred with the creation
by se ttlers of large coconu t plantat ions,
meanwhile traditi onal garde ning with
long fallow cycle had pe rmitted some 
wha t to maint ain a good vegetal cover
although of seco ndary forest.

The sec ond and more intensive phase
of deforesta tion is associated to th e
ar riva l of two hu ndred tho usa nd so l
di ers during th e WWll . Thou sands
of hectares of bushes were bulldozed
to plant food crops of all kind to feed

Table 4: Large scale logging companies operating in Santa.

the tro op. At that tim e on e vine Meremia peltata
co mmo nly nam ed in Bislama "big lif " (and since
then Amer ican vine ), was widely used for camou 
Oage in particular of am muni tion sheds.

Some claim that it was introduced by the Ame ricans,
but it is do ubtful as for instance "Tabwa Tabwa" is
its name in one of the local languages and we
find it growing in places as remo te as taro gar
dens of Pen aoru away from any WWll in flue nce .
Spreading of Meremia peltata has occurred in the
las t decade, it seems to be a resp onse to th e inten
sive logging operations associa ted to the Malaysian
own ed loggi ng company (Table 4) .

O ut of th e 26 licenced mobile sawmill co mpanies
in San to , six only appear to be still ope ra ting .

As the Department of Forestry in San ro has burnt
twice, stati stical data are inexistent . It is thanks to
Jude Tabi Forestr y Officer supervising logging ope ra
tion that we can get the data con tained in this paper.

The maximum logging happ en ed in 1996 wi th

Company name Operational period Licensed quota Contracted areas

Sud de Pac 1974 ·1980 2000 m3fyr

Island Development

Santa Veneers & Timbers (Wong sesing)

Santa Veneers & Timbers (Malaysian)

Melcoffee sawmills

Melcoffee & Hog harbor j Kale ltd.

Novat

Resources development
- --
Melcoffee sawmills

Forest Products & Plywood Itd.

Tri wood industries

Frank Galla

Santako

Veneer Logging

1980 - 1988

1988 - 1994

1994 - 2002

1991

1988

1983 - 1987

1987 - 2007

1983 - ZOO]

1983 - 1995

1995 - 1999

1991 - 1999

2000 - 2007

2005 - 2007

2000 m3fyr

5000 m3fyr

50000 m3fyr

5000 m3 export of
round logs

10 000 m3 export of
round logs

2000 m3fyr

15000 m3fyr

15000 m3fyr

5000 m3fyr

2500mSjyr

5000 m3fyr

5000 m3

500 m3

Same a abov

A abov Including Sharkbay, Hog
Harbour. Pon Olry and Sari!

All of th abov including Butmas,
Siketk Mal I Lape

Mi!tevulu, 'lurtl bay and Suranda

Port 0 ra ill ees

MalakLrla Santo

Sari! eo 011 Olry

Ea t & 5th Santo

Loran Sarabo, Palon & Vanafo areas

Wunpuko. West ante

West coast Sa to

Kohu We roast anto

Mcltevulu Butrnas
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33000 m' logged timber registered in Santa (nearly
half of the 68000 mvyr calculated as the sustainable
harvest quota for whole Vanuatu). For the last twenty
years 15000 m3/yr of timber harvested is, according
to ]ude Tabi, a reasonably accurate estimate.

as second, followed by an handful of mobile saw
mill owned by Ni-Vanuatu.

The following map (Fig. 57) shows the distribution
of logging licenses recently attributed to large and
small sawmillers in Santa.

20000 ha of forest have been licensed for logging
but it doesn't include the forest cleared for cattle
grazing, which could double this figure Currently
Melcoffee Sawmills remains the main logging
company operating in Santa with Veneer logging

Recent reduction of import taxes on NZ treated pine
timber have dropped logging activity in Santa, which
might have a beneficiary effect on forest regeneration.

Produced by: Phyllis Kamasteia
Position: Mapping/GISOfficer
Dept.: Forests
Date: 23rd March 2009
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Figure 57: Logging concessions and sawmills on Santa.



of WWII on Infrastructures and Landscape
Laurent Palka & Rufino Pineda

Shortly after the bombing of Pearl
Harbour the 7th December 1941 , the
Japanese rapidly invaded th e nea rby
Solomon Islands in Apr il o f the fol
lowing year. The fear o f invasion and
occ upa tio n hau nt ed th e people of
Vanua tu . One morning in May, they
woke up to discover the Por t-Vila

Bay filled wit h warships. They were so terr ified that
a number of them ran into the h ills in the belief
that Japanese had arrived. Later, th ey learned that
it was a steal th y arrival of th e allied forces . Ind eed ,
Vanua tu had been chosen as a s trategic place by th e
US forces to stop theJap an's conquest in Pacific . Th e
island was espe cially importa nt as a base during the
campaign of Guadalca nal.

TERRESTRIAL VESTIGES OF WWII

Santo was hom e to 100 000 per
manent troo ps , in add ition to the
60000 of Ni-Vanu atu resi dents . An
extreme ly large mili tary bas e named
Bu ttons was then cons tructed and
numerous new infras tructu res were

put in place. The combat engineers built mo re
th an 50 km of road , bri dges , and airstrips . Th ree
of these strips were es tablished aro und Lugan ville ,
one at Oucha rd Sout h San to , one at Ma tev ulu and
one at Matan tas . An eme rgency airstrip was also
cons tructed at th e nort hern top of th e Cum berla nd
penins ula. Th e old tow n located on th e rig ht ba nk
of the Sarakata River was extended on the left
bank toward Paleku la point. One hund red hecta
res of land filled with coral were gained ove r th e
mangrove , an d half- moon sha pe m ilitary sheds

grew like mushrooms. Many places in the bu sh
were cleared for dispersing m uni tion s stocks and
supplies as pro tec tion agains t bombing, although
San to was shelled jus t once with lim ited da mages.
Today, only some impacts of shells fired by the US
artillery during train ing can be seen on the Eas t
coas t of Ca pe Q ueiros . Remnants of Ame rica n
planes that crashed during training occ ur on th e
right side of th e Jourdain River and at th e end of
th e Ma tevul u airs trip. A hand ful o f half-moon sh a
ped sheds remai n in Luganville town. Others on
the outskirts leading to Fanafo are ha lf buried and
covered with grass. Perfora ted stee l ma tting ma te
rial , th at was extensively used for rapid const ruc
tio n of tem porary runways and landing str ips , is
ubiqui tou s and still used for fences , roads and
building of houses.

THE SS PRESIDENT COOLIDGE

--

Figure 58: Sinking of the Coolid ge betwee n Santa and Aore Island.

After the es tablishm en t of American troops , a
large harbour was built and su bsequ en tly sec ured
by mines blocking th e en tra nce of th e Segon d
Channel bet ween San ta an d Aore Island. On
Oc tober 1942, the Presiden t Coolidge (Fig. 58),
a luxury cruise liner convert ed to carrying troops,
attempted to enter th e harbour with over 5 000
men on board . Suddenly, two friendl y mines hi t
successively the engine roo m and near th e stern .
The Coo lidge quickly caps ized and sank. Nea rly
all the men were saved, only a mechanic and the
cap tain were reported missing. \Vhen \V\Vll ended,
sa lvage opera tions enabled the recovery of a subs
tan tial amount of equipm ents from th e wreck. The
recovery process was ended in Nov ember 1983 ,
an d ever since the area in cludi ng the President
Coo lidge was declared as a marine reserv e by th e
law of Vanua tu . Today, her bow stays at a depth of
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abou t 20 m and her s tern at over 70 metr es. Th e
wreck is cove red with cora l and hom es barracu
das , sh arks and others reef fish es as perm anent
residents. For a lon g whi le, a 200 kg groupe r cal
led Boris , that is no w gone, lived in the ship and
was hand fed by divers . Th e local fauna seems to

contain also the du gon g, an endangered marine
mammal. Submarine landscapes were also affected
by large nets placed during the war in th e Segond
Channel to prevent the en try ofjapanese su bmari 
nes . The nets collapsed over time making way for
cora ls and gorgonians .

MILLION DOLLAR POINT

After 1945, the US army so lei the eno rmo us qu an
tity of surplus and San to becam e an immense scrap
and me tal auction. Buyers came even from New
Caledo nia, New Zealand and Australia. Hurrying
to leave Vanuatu , US ar my decided to throw
what they hadn't solei int o th e water. Hundreds
of vehicles as well as tonnes of equ ipme n ts and
su pplies were carel essly thrown aside . Th ey built
a ramp running into the sea and every da y, th e
boys drove tru cks, jee ps , tanks, and more into
the cha nne l. By night , th e people snu ck to the site
in search of useful goods , for ins tance building
ma teria ls or dishes that could be transported into
th e villages of the bush. Since th en , the locals call
this place Million Dollar Poi nt (Fig. 59) thereby
alluding to th e quantity of mon ey wasted . Tod ay,
the remnants of this unfortunate episode can s till
be seen . Th ey form an incredibl e tras h heap ju st
off the coas t of San to from th e surface do wn to
40 me tres of depth. At low tide, coral-encrus ted
meta l objec ts sprinkle th e beach . Figure 59: Million dollar point located on Segond Channel.



• •• Existing Conservation Areas in Santo

••• Vanuatu Protected Areas Initiative (VPAI)
In 1993, the Melanesian Forest Expedition (MFE
'93) visited Vanuatu to look at the status of bird

• •• Protected areas in Vanuatu
At present there are three recognized Protected
Areas (Pas) in Vanuatu:

• Million Dollar Point and Coolidge Marine
Sanctuary;
• Vatthe Conservation Area located on the
island of Santo;
• Matnakara Park on Efate Island.

In addition there are numerous informal PAs, com
monly known as "tabu" areas, established and man
aged at a local level to conserve or improve access
to locally important natural resources. The extent
to which these contribute to meeting national bio
diversity conservation goals is not quantified. A
survey of 21 coastal villages in 2001 showed an
average of 4.1 marine resource management meas
ures per village and revealed a high level of motiva
tion to manage marine resources at a local level.

Samson Vilvil-Fare

••• Vatthe Conservation Area
South Pacific Regional Environment Programme
(SPREP) through the South Pacific Biodiversity
Conservation Programme (SPBCP) initiated a
more formal conservation programme with Vatthe
Conservation Area in 1993. This initiative came
about following a biodiversity research mission
conducted by Royal Birds and Forest of New
Zealand. Santo is the largest and oldest island of
Vanuatu archipelago that has more diverse and
rich biodiversity compared to the other islands.
After the mission conducted by the Royal Bird
and Forest New Zealand with the help of the
then Vanuatu Environment Unit (now Department
of Environmental Protection and Conservation)
the Vatthe Area was proposed for Conservation
through the SPBCP programme. The Vatthe for
est is mostly secondary and not as well preserved
than previously thought. But the last patches cer
tainly deserve protection being the last witnesses
of lowland rainforest on alluvial plains in Vanuatu
and is the only area of such forest to extend to
the coast. The forest harbours a rich flora and

populations. Whilst on some of the islands the
expedition was approached by a number of locals
who expressed concerns about the future of their
forest. As a result of this the Vanuatu Protected
Areas Initiative (VPAI) that is base at Khole vil
lage, East Santo was formed and a return trip to
the islands was organized in order to assist those
that had requested help. Out of the six sites, Loru
was chosen as Chief Kaleb had the vision to put a
"Tabu" on an area of his land in order to prevent
the removal of flora and fauna. Chief Kaleb and
his family also understood the concept of a dis
appearing forest and had begun to inform others
about the detrimental effects of removing their
livelihood. Two other sites which were visited were
Duck Lake and Tebi Beach.

Loru is a family owned Protected Area and is man
aged by an environment management committee
from Khole village (East Santo). It is 220 ha in
size with conservation objectives to maintain and
protect coconut crabs; the endangered and larg
est land crab found in the world and protects the
forests and birds.
Despite its small size, 23 of the 64 breeding land
and freshwater birds of Vanuatu were sighted in
Loru and 10 of the 23 restricted-range species,
including two vulnerable, one near-threatened and
five species endemic to the archipelago.

Before European came to Vanuatu
village chiefs and landholder fami
lies managed resource use on behalf
of their communities in accordance
with locally defined custom law. As
elsewhere, colonization and 30 years
of independence have overseen many
changes. While custom still defines
people's relationship with their land,
there is considerable local variation in
degree to which custom controls on
resource use are practiced, enforced and
respected. There have also been many
changes in the ways natural resources
are used. There are significant pres
sures from other countries with influ
ence in the region, from international
organizations, from national leaders
and from young educated people to
continue to change people's relation
ship with the environment. There is
international pressure to participate
in conservation programmes and con-
form to environmental standards pro

moted by flora such as United Nations Environment
Programme (UNEP) and recently United Nations
Development Programme (UNDP).

Efforts in Santa
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fauna, including native land and freshwater birds
in Vanuatu and five endemic bird species. Recent
freshwater research at Jordan and Matantas River
lying inside the Conservation Area recorded three
endemic freshwater fish. It is one of the two natural
sites that are on the Vanuatu tentative list for the
World Heritage Site.

Vathe conservation area is managed primarily by
locals from the villages chosen by the community
and their respective chiefs. It has a management
plan that guides the communities to conserve and
carry out management activities within the con
servation area. In 1998, there was an ecotourism
which set up to help the community bringing a bit
of income into the community and to help sustain
the local workers and their family.

In 2002, the environmental Act of No.12 2002
came into effect and required that all National
Parks or Conservation areas around Vanuatu be
registered. The local counterpart with the help of a
Peace Corp Volunteer took up the work, after her
training to register the park and it became officially
a National Park.

••• Penaoru Conservation Area
Penaoru conservation area is a community initia
tive that began in year 2003. It covers an area of
1207 ha. The area is entirely managed by local
community through an environment management
committee. It has a management plan that guides
the community to conserve and implement activi
ties to contribute to its conservation objectives.

The area was initially conserved to maintain the
number of wild resources in the upper courses
of Penaoru River for the community's livelihood
needs. During the Santo 2006 global expedi
tion the area became known to the Department
of Environmental Protection and Conservation

Figure 60: Vatthe Conservation Area facilities run by the local
communities.

(DEPC) through its participanon in the expedi
tion. The Conservation Area then got the attention
of the Landholders Conservation Initiatives Project
under the DEPC and which then worked with the
communities from April 2007. The project helped
strengthened the conservation area activities and
helped developed its management plan with the
Penaoru Community. Penaoru Conservation Area
is one of the conservation sites to be registered in
year 2010 under the Environment Management
and Conservation Act of No.12 2002.

During the 90's until today, conservation efforts have
been put in place in order to protect the fauna and the
flora of the islands of Vanuatu. There is a trend going
from Local Initiatives to a more National Initiatives
on Protected Areas. This can be regarded as the fruits
of the tremendous efforts carried out by the local
community, together with local and regional Non
Governmental Organizations and other stakeholders.
Vanuatu through its Department of Environmental
Protection and Conservation is working with other
stake holders for the betterment of its biodiversity. The
efforts shown in creating more Protected Areas can be
seen as a step forward to protect and to safeguard the
fauna and flora of the Island of Santo as a whole.
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by the Santo 2006 Botany Team
Porter P. Lowry 11 & Jerorne Munzinger

During the three months when team members
were on Santo, they made a total of 1950 fertile
collections, almost always in multiple sets. In
addition, 943 trees were marked and identified
in a series of permanent plots established in the
Penaoru area. One duplicate of each fertile col
lection was deposited at the Vanuatu national
herbarium in Port VHa (PVNH) and additional
sets were sent to the Museum in Paris (P) and
the herbarium at the IRD Center in Noumea
(NOD); duplicates were sent to specialists work
ing at other institutions.

Members of the Santo 2006 Botany Team made
preliminary identifications as material was col
lected. Most specimens were dried and processed
at the Penaoru base camp (Fig. 61), although
some were preserved temporarily in alcohol and
dried later, especially material collected during the
difficult Mt Tabwemasana ascension. Following
the expedition, field notes were entered into
a database. Most angiosperms collections were
identified by M. Tuiwawa, G. McPherson and J.
Munzinger in No urnea in February-March 2007,
and by G. McPherson in Paris in June 2007.
Ferns were identified by G. Rouhan (April and
August 2007) and orchids by M. Pignal (2006
2008), both working in Paris. In parallel, special
ists with knowledge on certain groups provided
iden tifica tions.

European botanical exploration of
Vanuatu began in 1774, when the
Forsters (father and son) and W.
Anderson visited the islands of Tanna
and Malekula during James Cook's
second voyage. Significant collect
ing expeditions, including to Santo,
were conducted by FA. Campbell
in 1872-1873 and by a team led by
J.R. Baker in 1933. More recently,
scientists from several institutes par
ticipated in the 1971 Royal Society
Percy Sladen Expedition; botanists
from IRD (formerly ORSTOM) in
Nournea, New Caledonia, visited
Santo between 1965 and 1985; and a
team from Tsukuba Botanical Garden
collected there in 1996-97.

The Santo 2006 Botany team included
16 members from eight institutions in

the Pacific, Europe and North America - the larg
est ever to work in Vanuatu. They focused on two
complementary themes: Mountains & Rivers, to
document the native flora of largely undisturbed
habitats, and Fallows & Aliens, to record plants in
human-modified environments. Most field work
was conducted in a few key areas, including the
Cumberland Peninsula (especially the Penaoru
valley), Mt Tabwemasana, the area around Butmas,
and the Vatthe Conservation Area near Matantas.

Figure 61: The Santo botany team at the Penaoru base camp,
processing plant specimens after a long day in the field.

Much of the identification work has now been
completed, although a few problematical groups
still require study. The team documented c. 650
species on Santo, belonging to 366 genera and
140 families of flowering plants, gymnosperms,
ferns and bryophytes. An estimated 20 species
collected during Santo 2006 are new to science
and are being named by members of the team.

This exemplary effort has made a Significant con
tribution to our knowledge of the flora of Vanuatu
and toward documenting the plants of Santa,
the archipelago's largest, highest, and botanically
most diverse island. Establishing permanent plots
also enabled the first-ever characterization of the
structure and composition Santo's humid forests.
Our work, summarized in the following pages,
has helped fill a major gap in our botanical under
standing of the southwest Pacific, and gave the
team members an unparalleled opportunity to
discover and share some of Santo's most exciting
botanical treasures.



Types of Vegetation Occurring on Santa
Jerorne Munzinger, Porter P. Lowry 11 & Jean-Noel Labat

___ Th e San to 2006 expedition was
designed to carry ou t deta iled expl o
rati on of th e botan ical diversity
present on the island. A wid e diver
sit y of vege tation types were there
fore studied , cove ring the full range
extendi ng from wha t can be regarded
as "extremes " on a scale from natu
ral , nearl y undisturbed areas to tho se
that have been pro found ly modified
by man . Large areas have been trans
form ed by humans -partially or
completely - through clearing, fire,
an d othe r means, in an effort to meet
basic needs for food, shelter, fiber,

grazing land for livest ock, etc ., although such
habitats exist onl y because they are created and
maintained by man or by domes ticated animals.
At the other ex treme , San to's vegetation includes
nearly pris tin e formatio ns tha t resul t from th e
na tura l pro cesses of evolu tion and succession and
are self- main taining, provided they are not subje ct
to exc ess ive human disturban ce. These natural
vegeta tion types inclu de humid forests , which

Table 5: Vegetation types in Vanuatu proposed by Mueller
Dombois and Fosberg.

1. Lowland rain forest

a. High-stature forests on old volcanic ash
b. Medium-stature forest heavily covered with lianas
c. Complex forest scrub densely covered with lianas
d. Alluvial and floodp la in forests
e. Agathis-Calophyllum forest
f. Mixed-species forestswithout gymnosperms and

Cafophy/lum
- - _ .._-----

2. Montane cloud forest and related vegetation

3. Seasonal forest, scrub and grassland

a. Semi-deciduous transitions forests
b. Acaciaspirorbis forest
c. Leucaena thicket, savanna and grassland

- --------- - - - -

4. Vegetation on new volca nic surfaces

5. Coastal vegetation (including mangroves)

6. Secondaryand cultivated woody vegetation

Figure 62: View up the Penaoru Valley toward the center of th e Cumberland Peninsula, w ith rainfo rest in the foreg round and
montane cloud forest at th e highest elevations.
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were the main focus of the research carr ied out
during Santo 2006 . Some areas of humid fores t
were only visi ted brieflybybo tanis tspassing thro ugh
various parts of the island , but a large area on the
west coast of the Cumberland Pen insula, especially
in the Pena oru Valley (Figs 62 &1: 63 ), was the
subjec t of detailed stud y and will be the main
focus of the presen t cha pter. Addi tiona l field work
was con duc ted by a team on the wes tern slope of
Mt Tabwemasan a (1879 m), the highest point on
Santo and indeed in the ent ire Vanua tu archipelago.

TheNatural History of Santa

Th e vegetation of Vanua tu can be divided into six
main categories (Table 5):

• Lowland rain forest ;
• Montane cloud forest and related vegetation;
• Seaso nal forest, scrub and grassland;
• Vegetat ion on new volcanic sur faces;
• Coastal vegeta tion, including mangro ves;
• Secondary and cultiva ted woody vege tation.

We will lim it our discussion to the vege ta tion types
that were examined dur ing the Santo 2006 expedi
tion (ind icated in bo ld in Table 5) .

Phytogeographic Relationships
Gordon McPherson

A visitor to the forests of Santo familiar with New Caledonia finds himself surrounded by a strange mixture of plant species, many of
them completely unfamiliar but others that are onlyslightly different from their close relatives found to thesouth. The abundance of species
and individuals in such Asian genera as Myristica (Myristicaceae), Pterocarpus (Fabaceae), orscoatometon (Anacardiaceae), Oendrocnide
(Urticaceae), Pangium (Acariaceae), Medinilla (Melastomataceae), Hydnophytum and Timonius (both Rublaceae), Vavaea (Meliaceae) and
Cyrtandra (Gesneriaceae) will convince thevisitor that the influence of the Southeast Asian flora is much stronger on santo than it is on the
geographically more isolated and geologically much older New Caledonia. At the same time, heor she might be surprised to discover that
some groups regarded as characteristic of New Caledonia are represented in Santo by distinct species. These include such genera as Agathis,
Ascedas, Hedycarya (Monimiaceae), Trimenia (Trimeniaceae), Dalanops (Balanopaceae), ceissois (see "Focus on ceissois (Cunoniaceae)") and
Spiraeanthemum(both Cunoniaceae), Merytaand Schefflera(both Araliaceae - see "Focus onAraliaceae").

Travelers coming from lands to thenorthor west of Santo or from mostof the islands of thePacific will enjoy seeing otherfamiliargenera.
These include Calophyllumand Carcinia(both Clusiaceae), Castanospermum(Fabaceae), Oacrycarpus(Podocarpaceae), Oysoxylum(Meliaceae),
tteeocsraos (Elaeocarpaceae), Freycinetia (Pandanaceae), Joinvillea (Joinvilleaceae), Metrosideros and Syzygium (both Myrtaceae), Morinda
(Rubiaceae), Neuburgia (Loganiaceae), Pittosporum (Pittosporaceae), Rapanea and tsoetoosaeans (both Myrsinaceae) and semecuous
(Anacardiaceae), although in mostcases the species on Santo will be unfamiliar. Figs (members of the genus ncos; Moraceae) and orchids
(Orchidaceae) abound here, as in mosttropical forests.

Figure 63: View down the Penaoru Valley, with rainforest in the foreground and seasonal forest at lower elevations.
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MEDIUM-STATURE FOREST

Figure 64: Understorey of medium-stature forest above Penaoru base camp, showing numerous buttresses on large tree trunks .

Medium-stature forest (Fig . 64), which is charac ter
isti c of low elevation sites , is frequ ently degraded as
a result of its proximity to inhab ited areas. Man y of
the trees are tall (Fig. 65) and especially at low er ele
vations some deciduous species can be found su ch as
Antiaristoxicaria (Moraceae) and Pterocarpusindieus
(Faba ceae) . The most cha racteris tic element is
Castanospermum australe (Fabaceae) ,known locally
as puilapuila, and easil y recognized by its majestic
habit , straigh t bo le and especially its beautiful
flowers, which vary from orange to red depending
on their maturity (Fig. 66) . This is on e of the larg
est trees in medium-stature forest, and it stands
out when in [lower because the ground under
neath is carpeted with flowers and the emergent
canopy above is multicolored . This type of forest
is also distinctive in having a well developed layer
of small trees 6 to 15 m tall . Charateristic spe cies
in clude Dendrocnide latiJolia and Pipterus argen
teLLS (Urt icaceae) with their small [lowers. Variou s

species of fig also occur in this typ e of forest ,
suc h as Fieus wassa (Mo raceae) , a caulifloro us
tree that bears numerous clusters of fruit s on
the trunk (Fig. 67) and produces abundant white
lat ex , along with more dis crete members of th e
genus such as F hajewshii. Gardenia tannaensis
(Rubiaceae) , locally named "uha", is usually 5 to
10 m in height but can occasionally reach 20 m,
has large white flowers (Fig. 68) with a strong,
pleasant odor and is thus often planted around vil
lages and in fields .
On ridges at about 500 m elevation , the lower stat
ure forest is dominated by seve ral spec ies, including
Meryta neoebudica (Arali aceae) (Fig. 69; see "Focus
on Araliaceae") , Myri stica inutilis (Myristicaceae)
and Fieus septica (Fig. 70) , all of which are often
covered with climbing plan ts belonging to several
species of Freycinetia (Pandanaceae) , whose larg e
stron gly scented flowers are ea ten by bats (see
"Foc us on Pandans").
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Figure 65: Jean-Noel Labat examining the canopy in medium-stature forest.
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Figure 70: A branched infructescence of Fieus sep tica, another
fig species.

~

Figure 67: Ficus wassa , a membe r of the fig genus wh ose fruits
are borne directly on the trunk.

Figure 69: A female individual of Meryta neoebudica with
young multiple fruits above a wh orl of large leaves.

Figure 68: Flower of Gardenia tannaensis, a sweet-smelling
member of the coffee family.

Figure 66: Castanospermum australe, one of the largest trees
in lowland forest, is easy to spot when it flowers because the
ground is carpeted with its red-orange petals.
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KAURI-TAMANU FOREST (= AGATHIS-CALOPHYLLUM FOREST)

A remarkable type of forest occurs on the west coast
of the Cumberland Peninsula at altitudes above
about 600 m, with trees so large that a person's
arms can not reach around the trunk. These majes
tic giants no doubt live for many years: in 1938,
Guillaumin reported to have seen an individual
with a circumference of 10 m (i.e. a diameter of
about 3.15 m). The largest tree observed during the
expedition had a diameter at breast height of 2.4 m
(a circumference of about 7 m). The most impres
sive of these is the Kauri (Agathis mac rophy l1a),
easily recognized by its distinctive cones (Fig. 71)
and by its bark which forms plates (Fig. 74). Also,
resin can often be seen oozing out of the trunk,
which hunters use to start fires. Kauris belong to
the family Araucariaceae, which also includes the
columnar pine (Araucaria coiumnaris), endemic to
New Caledonia but sometimes found planted as an
ornamental tree in Vanuatu. Kauris not only domi
nate the forest by the diameter of their trunk, but
also by their height, emerging far above the canopy
(Fig. 74). Species of Agathis produce a high quality
wood, which has led to heavy exploitation in most
places, including Vanuatu, where it is still being
harvested today. The forests where members of the
Santo 2006 team conducted field work, however,
have thus far escaped this fate, making the Penaoru
area one of the few remaining anywhere in the
Pacific where true Kauri forest still exists.

The second species characteristic of the Kauri
Tamanu forest is Calophyllum neoebudicum (Fig. 72),
locally known as "Tamanu" ("of the bush"). It too
can easily be recognized by its distinctive bark
and also by the yellow-orange latex that exudes
when the plant is cut or bruised (a characteristic
of many members of the family Clusiaceae) and its
small leaves with closely spaced parallel venation.
Clusiaceae are abundant in the Cumberland for
est, with a second genus, Garcinia, represented by
three species, G. vitiensis, G. pseudoguttiJera, and a
third as-yet unidentified species, locally known as
"Malhevic", which is by far the most common of the
three. Unlike Calophyllum, the species of Garcinia
do not have closely spaced parallel secondary veins
in their leaves, and their fruit is fleshy, with sev
eral seeds, the best known being the mangos teen
(G. mangostana).

Another species deserves to be mentioned as well,
Astronidium novaeeoudaense (Fig. 73), a shrub or
small tree belonging to the family Melastomataceae,
which was the most frequently encountered of
all in our studies. We recorded individuals from
between 600 m and 1200 m altitude, indicating
that this plant is capable of growing in a fairly
wide range of forest types, from Lowland rain for
est to Montane forest. The Melastomataceae are
a large family occurring throughout the tropics.

Figure 71: Cone of a giant Kauri (Agathis macrophylla), a
dominant tree in forest above 600 m elevation.

Figure 72: A ripe fruit of CaJophyJlum tieoebudicum, common
tree in mid-elevation forest.

Figure 73: Astronidium novaeebudaense, bearing young green
fruits and showing the characteristic venation of the family
Melastomataceae.

They can almost always be recognized by the very
distinctive venation in their leaves, in which the
tertiary veins are parallel to one another and ori
ente at right angles to the secondary veins, giving
them an appearance that resembles a ladder, as
clearly observed on Astronidium novaeebiuiaense
(Fig. 73). Some members of the family are also
epiphytes, such as Medinilla cauliflora and M.
heteromorphophylla (Fig. 77). Two tree species in
the olive family (Oleaceae) should also be noted,



Vegetation and Flora

Figure 74: The huge trunk of a giant Kauri (Agathis macrophylla) with its characteristic bark forming large plates.

Chionantrius brachy stachy s, observed at 600 m
and 900 m, and Ligustrum neoebudicwn (Fig . 78),
reaching up to 1 200 m eleva tion . Oleaceae have
oppos ite leaves (or some times sub-oppposite at the
top of bran ches) and are easy to recognize whe n

flowers are present as they have four sepals, four
pe tals and onl y two stamens. We also enco untered
Hedycarya clorstenioides, a member of the ancient,
pr imit ive family Monimiaceae, which occurs spo
radically at 600 m and more commonly at 1 200 m,
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How Old are the Kauri (Agathis microphylla) Trees?
Jonathan Palmer

One of the most common questions to ask when standing in a forest is how old are the trees? Afterclimbing uppast 600 m above
sea-level and first encountering the large kauris at Santo, you have a feeling of awe at their majestic size and sense that they must
have been standing there for avery long period of time. But exactly howlong? This was the question I wanted to try to answer.

I would describe the trees as being widebut with shorttrunks (boles) holding upmassive, open, spreading crowns. Buttressing is
absent but there are large rounded roots spreading over aconsiderable distance from thetrunk. The open architecture of theircrowns
is nodoubta means of withstanding passing cyclones. Typically kauris appear most abundant along ridges, where they sometimes
form groves of mixed sized trees.

Figure 75: The extraction of small samples of wood
being taken from a kauri tree using an increment
corer. The samples are used to try to count the
number of rings formed so that the age of the tree
might be estimated .

The Santo kauri cores were found to have ring boundaries thatvaried greatly
from distinct to diffuse and impossible to determine. In some situations there
were no "visible" rings over many centimetres of growth. Although the visible
rings were counted. we knew the age estimate would not be accurate. Even
so, we then checked if there was a general systematic relationship between
the number of visible rings and the diameter of the trees (Fig. 76). There is no
relationship. Many other studies have shown the same result: tree size .. age.
This means for a tree found of a certain size, there is a large range of possible
ages or visible rings. To check this we submitted two samples for radiocarbon
dating. They were taken from inner-most ends of cores, the part closest to the
centre (i.e. oldest) portion of two different trees. The results (Table 6) showed
us two things. Firstly, thatbothsamples were tooyoung foraccurate radiocarbon
dating. The second thing was that although the tree Santo-15 was twice the
diameter of Santo -14 (208 cm vs 102 cm respectively) there was not the same
magnitude of difference in their calibrated radiocarbon ages; the trees were in
fact fairly similar in probable age (note: the dates in Table 6 show the reverse
trend if anything). Again , this supports the earlier result of tree size not being
directly correlated to age.

Table 6: Radiocarbon datingresultsfromtwoAgathis microphylla wood
samples. (Waikato Radiocarbon Dating Laboratory, NewZealand).

The main method used to obtain the age of atree is simply to count the rings. This is fine for temperate locations but thisapproach
can be difficult in tropical climates. The time constraints prevented us from using other options such as placing markers into the
wood (pinning method) or bands around the tree and periodically returning to measure the change in circumference (dendrometer
bands). Our approach was to obtain small cores from a selection of 15 trees using manual increment corers (Fig. 75). These have
been widely used throughout the world and found not to causeany harm to trees. The cores extracted from the trees were stored
in straws and transported back to the laboratory where they were dried, glued onto mounts and then sanded to produce a highly
polished surface.They were then looked at under abinocular microscope and the
number of visible rings counted. Normally the growth rings are measured and
their pattern is compared to other cores from the same tree and then to other
trees. If patterns match between different trees they are said to "crossdate" and
in many situations this has led to the successful reconstruction of past climatic
conditions.

o
o 50 lOO 150 200 250

DOH (cm)

Figure76: Plot of the number of visible rings against
the diameter at breast height (DBH) of the Santa kauri
trees. The regression line shows there is no significant
relationship.

I Trunk Radiocarbon date calibrated dates
Tree

diameter (years BP: (95 % probability)
label

(cm) before 1950 ) AD (Christian calendar)

Santo 14.1 I 241 ± 30
AD 1630-1 ,<;10

AD mo-lB1ll
--

11 -
Santo 15.1 20B 149 ± 30 AD 166{} 1890

-

What can we conclude? Firstly, the kauri tree-rings are not clearly
defined enough to enable accurate counting and there was no consistent
pattern found either within or between trees. This is despite trying to
sample trees on exposed ridgelines and also towards the upper end of their
elevational range (i.e.where growth mightbemore well defined byclimatic
conditions such as seasonal drought and exposure). Secondly, based onthe
radiocarbon dates, the trees are not immensely old.Unlike Agathis ovstsin
New Caledonia, the trees on santo are unlikely to be much more than 350
years old. Thirdly, there seems to beagreat range of possible sizes for any
given age, aresult that is consistentwith many other studies.
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Figure 77: Flowers of the epiphyte Medinilla heterom orpho
ph ylla, which grows on trunks of large trees.

Figure 79: Fruits of Hedycarya dorstenioides, a member of the
ancient, primitive family Monimiaceae.

Figure 81: Flowers of Tapeinosperma netor, a member of a
comple x genus.

and whose flowers have sepa ra te carpe ls eac h of
which develops into a bright red drupe (Fig. 79 ).

Some spec ies are very abunda nt in the shr ubby
co mpone n t of thi s type of forest , suc h as Cyrtandra
eJatensis, a member of th e African violet family
(Gesne riaceae) (Fig. 80) and seve ra l species of
Tapeinosperma (Myrs inaceae) (Fig. 8 1) that are par
ticu larly difficult to distinguish from on e ano the r.
Members of the coffee fam ily (Rubiaceae) were
also frequently encountered, notably in the genus
Psychotria, including the sp ect acular species P
milnei, which has an enlarged , showy calyx
(Fig. 82). We also encountered herbaceou s plan ts ,
as for example Begonia vitiensis, with distinctive
white flowers in the unclerstorey (Fig. 83) .

Figure 78: Ligustrum neo ebudicum, a member of the olive
family whose distinctive flowers have four white petals (which
are quickly shed), four persistent sepals, and only two yellow
stamens.

Figure 80: Young flower s of Cyrtandra efatensis in humid
forest.

Figure 82: Psychotria milnei, a member of the coffee family, is
easy to recognize by it showy white calyx that persists long after
the petals fall off.

Figure 83: Begonia vitiensis, a native relative of the commonly
cultivated begonias grown throughout the world.
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MONTANE CLOUD FOREST

Figure 84 : Mist covered canopy (above) and unde rstorey (below) of montane could forest at abo ut 1500 m above Penaoru valley.

Th e montane cloud forest (Fig. 84 ) is typically
dominated by species belonging to several genera,
including MetrosiderosandSyzygium (both members
of the fami ly Myrtaceae), Weinmannia (Fig. 85) and
Geissois (see "Focus on Geissois (Cunoniaceae) ")
(both Cunoniaceae), Quintinia (Quintiniaceae) and
Ascarina (Chloran thaceae) . Species of Metrosicleros

are easy to recognize by their abundant adventi
tious roots, wh ich reach from the branches down
to the ground : the longest seen during the expedi
tion reached 1.9 m in leng th . This plant has sma ll
leaves (2.5-8.5 x 0.8-6 cm) tha t are opposite and a
dry fruit , whi ch distinguishes it from spec ies in two
othe r genera of Myrtaceae that occur in the forests



Vegetationand Flora

on San to , Syzygi um an d EL/gen ia , whose fruits are
fleshy. The flowers of Metrosideros collillum ar e
variab le in co lor, rangi ng from red or pin k to yel
low (Fig. 86 ) . In humid summ it areas, th e trees are
smaller an d covered with ep ip hy tes, mostl y filmy
fern s and liverworts , but also epiphyt ic shru bs
such as VacciniL/m (Ericaceae) (Fig. 87) , wh ich is
easily recogn ized by its small, pink , urn -sh aped
flowers .

Figure 85: Flowers of Weinmannia denhamii,a typical dominant
in montan e cloud forest on Santo.

Figure 86: Metrosideros collinum in its yellow flowered form .

Figure 88: Flowers and fruits of the rare endemic palm
Cyphosperma voutme/ense.

In so me places the mon tane cloud forest can take a
dist inctive appea rance when tree ferns ancIJor palms
are present. In the Penaoru Valley, at about 1 200 m
elevation , we visited an area of forest in whi ch a
single regio nally ende mic palm was frequ ently see n ,
Cyphosperma voutmeiense (Fig . 88) . Th e species
name refers to the place where it was first collected ,
Vout rnele Peak. This palm alon e represen ted fully
14 % of the trees wi th a DBH (diameter at breast
heigh t) of 5 cm or more, but the presence of sev
eral tree ferns, belonging to three different gene ra,
Cyathea, Dicksonia and Leptoptens, was even more
striking as they accoun ted for 20 % of the individ u 
als with a DBH ~ 5 cm. The showy white flowe rs
of Fagraea ceilanica (Gentianaceae) were also very
dis tinctive (Fig . 89) , although only a few individuals
were obs erved.

Figure 87: A flower of the epiphyt ic shrub Vaccinium whiteanum,
which grows high in the trunks of the largest trees.

Figure 89: Large, showy flowers of Fagraea ceilanica.
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SEASONAL FOREST, SCRUB AND GRASSLAND

Figure 90: Gaiac (Acacia spirorbis) is characteristic of a "gaiac forest".

The seasonal forest, scrub and grass lan d can also
be divided into three varian ts (Table 5), one of
which, Acacia spirorbis (Fa baceae) fores t (Figs 90
& 91) , is locally referred to as "gaiac fores t".
Ano ther charac teris tic species of this vege tation
type is Kleinhovia hospita (Sterculiaceae) (Fig . 92),
locally kn own as Matalo and recognizable by its
pin k flowers and ligh t, ribbed fru its. This for
ma tion can co ntain sa ndalwood , and in dri er
locat ions it may be dominat ed by intro du ced
shru bs such as Leucaena leucocephata and Acacia

Figure 9 1:Acaciaspirorbis. Its fruits open to reveal black seeds and
their brightly calored arils that attract dispersers, primarily birds.
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Jamesiana (bo th Fabaceae) and Psidium guajava
(Myrtaceae). Sandalwood (Santalwll austrocale
donicum, Santalaceae) is an importan t eleme nt of
the flora from a histor ical po int of view, as this
shrub or small tree was exp loi ted for cen turies
for its prized , long-lasting essen tial oils that are
used for perfumes, incense and in aromatherapy.
Sandalwood trees can be distinguished by their
opposi te leaves that are sligh tly bluish below, their
cream-colore d flowers wi th four petals , and their
angular fruit.

Figure 92: Kleinhovia hospita is another characteristic species
in low elevat ion gaiac forest.
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COASTAL VEGETATION

Figure 93: Coastal vegetation alon g the beach, Cumberland cape.

The littoral forest (Fig. 93) , with charac teristic species
suc h as Pandanus tectol'ius (Pandanaceae) (Fig. 94)
and Casu.arina equisetifolia (Cas uarinac eae) (Fig. 95) ,
is common in coastal areas on Santo. These two spe
cies are quite easy to recognize; Pandanus tectorius
has bluish leaves and a typical round, pin eapple-like
"Iruit'" and Casumina resembl es a conifer, with long
drooping branches and sma ll, ocld-looking bumpy-

spiny multiple fruit that open by many
small pores . Callophyllum inophyllwtl
(Clusiaceae), wh ich occu rs in coas tal areas
(Tama nu of the sea), is also easy to distin
guish as it bears the same charac teristics
as the Taman u of the bush (see above),
but with larger leaves and round fruits
like golf balls scattered on the beach .

6 - The "fruit " of

members of the
Pandanaceae family is

technically not really

a fruit , but rather

a compound fruit,

developing from an

inflorescence made
up of many individual

flowers instead of just

a single flower.

Figure 94: Pandanus tectorius, a widespread coastal tree in the
Pacific, with its typical "fruits".

Figure 95 : Casuarina equisetifolia, a common species in litt oral
forest along the coast, has leaves and multiple fruits that
resembl e those of a conifer, but it is in fact a flowering plant.
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SOME NEW, CHARACTERISTIC OR REMARKABLE SPECIES
Gordon McPherson & Jerorne Munzinger

Th e recent botan ical in ventory wor k
done on Santo has brought to light a
number of p rev ious ly undiscovered
taxa. These in clude two ne w species of
SeheJJ1.era (see "Focus on Araliaceae")
and probabl e novelties in the foll ow
ing genera: AlangiLlm (Alangiaceae) ,
Alphitonia ( Rham naceae ) , Citronella
( Card iopter id aceae), Cy r tatuua
(Gesn eriacea e) , Elaeocarp us (Elaeo
carpaceae) , Eugenia (Myrtac ea e ).
Fieus (Morace ae) , Frey eineti a

(Pa ridanac eae) , Ilex (Aq u ifo liaceae) , Parsonsia
(Apocyn aceae) , Seiaphila (Triuridaceae) , SemeearpLls
(A naca rd iaceae) , Tapeinosperma (Myrs inaceae ),
Tenllinalia (Co rnbretaceae), and in three genera of
Ru biaceae (Gllettardella, lxora and Psychotria), a ll
of which are no w in va rious s tages of closer s tudy
or prep aration for publicati on . Some of these po ten 
tial novel ties are discussed in more detail below.

•• • Alangium
Prior to the San to 2006 expedi tion, one member of
this genus , A. vitiense, had been reported from Vanua tu
by Guill aumin, althoug h Smi th, in his Flora Vitiensis
Nova, la ter indicated that this species was restricted to
Fiji and tha t Guillaumins ident ification was inco rrect.
The origina l description of A. vitiense indeed refers
to a plant tha t differs from the ma terial coll ected
on San to (Fig. 96 ), whose ca lyx has long teeth and
whose leaves have eviden t dornatia and a very acu mi
nate apex . More over, the species of Alangiwn occ ur
ring in Vanuatu does not matc h anything from New
Caledonia, and thus appears to be new.

Figure 96: Flowers of a probably new species of Alangium.

• • • Cyrtandra
We id entified several species of th is genus on San to:
C. eJatensis, C. vesiculata, C. neohebruiensis and C.
schizocalyx . Seve ra l specime ns cou ld n' t be relat ed
to an y of th ese species (Fig. 97) , so we sus pec t
novelties in th e genus .

• •• Elaeocarpus
Fo ur species were observe d during th e mission, E.
J1.oridanus, E. uonensis, E. hebridarLlm ( th is la tter
conside red by so me authors as conspecific with E.
angclstiJoliLlS), and an unidentified taxon (Fig. 98),
which might be new.

Figure 97: Flowers of a Cyrtandra species, which is suspected
as being undescribed.

Figure 98: A species of Elaeocarpus in fruit , which might
represent a novelty.
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• •• Gmelina
A tree be long ing to thi s genus was co llec ted in the
Penaoru vall ey, represen ting the first reco rd ever
from Vanua tu . The plant on San to appears to be
close to Gmelina vitiensis from Fiji , bu t it is not
ident ical, differing in severa l charac te rs , w hic h
sugges ts that it may be a new spe cies.

• •• Parsonsia
Severa l lian escent gene ra of Apocynaceae were col
lected , including Alyxia and Hoya , an d the speci
mens are though t to be closely comparable to alrea dy
described species . However, a liana collected at
1 200 m (Fig. 99) in dense primary forest was wi th
difficulty assigned to Parsonsia cL Inevis, and this
plant might be new and in nee d of descript ion.

• •• Sciaphila
This gen us in the family Triuridaceae was previ
ously un known from Santo , alt hough one species ,
S. aneityensis, had been recorded els ewhere in th e
arc hipelago . Mate rial of two distinc t species was
co llec ted during the San to 2006 expedition, one o f
which appears to be ne w to science.

Figure 99: A liana belonging to family Apocynaceae, initially
identified as Parsonsia d . laevis with doubt, might be a novelty.

FOCUS ON ARALlACEAE:
SEVERAL GENERA EXEMPLIFY

SANTO'S MELANESIAN BIOGEOGRAPHIC RELATIONS
Porter P. Lowry 11 & Gregory M. Plunkett

The fam ily Araliaceae and the closely related family
Myodocar paceae are among th e few groups to have
been s tud ied in d etail for Vanuatu within th e last
sev eral decades. Ara liaceae in particula r are we ll
represented on San ta , and field wo rk conducted by
the San ta 2006 team offe red new insights into the
d iversit y and biogeograph y o f several genera .

Delarbrea paradoxa, the sole member of Myodccarp
aceae in Vanuatu, ranges from Norfolk Island and
New Caledonia in the south through to the Solomon
Islands in the north and then farther wes t across part of
Indonesia. This species was collected at several locali
ties in in tact forest on Santo, and the material gathered
will be used for phylogene tic studies to test whet her the
popul ations in Vanuatu were derived from ances tors
on New Caledonia, reaching the archipelago by long
distance dispersal by birds, as has been hypothesized.
The expedition team also made several collections of
Meryta neoebudiw (Fig. 100), a spec ies of Araliaceae
end emic to Vanuatu and recorded from throughout
the archipelago, whic h is mo st closely related to an
endemic New Caledonia spe cies, M. denhamii, sharing
distin ctive golf-ba ll-sized multiple fruits .

Figure 100: Multiple fru its of the Vanuatu endemi c Meryta
neoebudica. Each of these globose structures is formed by the
fusion of several separate fruits.
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Figure 101: Vanuatu is home to two members of Polyscias subgenus Tieghemopanax, P. schmidii (left) , endemic to Vanuatu, was
recorded for the first time on Santa in 2006; P. cissodendron (right) ranges from the Santa Cruz Islands just north of Vanuatu through
New Caledonia south to Lord Howe Island.

Two spec ies be longing to the New Ca ledo n ia
cente red gro up Polyscias su bgenus TieghemopanQx
we re also found on San to , P. schmidii and P. cisso
dendron, aga in showing the strong biogeographic
affini ties between Vanuatu and its closest neigh
bor. Polyscias schmi dii (Fig. 101), described less
than 20 years ago from a single coll ecti on made
on Erromango, c. 400 km to the SSE, and later
reco rde d on Tanna as well, was found in seasonal
fores t at low eleva tions near the coas t, not far from
th e village o f Pen aoru . Th e materi al co llec ted dur
ing the San to 2006 expedi tion will now make it
poss ible to determine wh ich of several species on
New Caledonia is its closest relative. Th e second
species, P. cissodendro n (Fig. 101) , found at both
mid- and high -elevation si tes on San to, has been
recorde d on severa l islands in Vanuatu as well as
on New Caledonia and Lord Howe Island farther
to th e south , making it the only mem ber of th e
Tieghemopanax gr oup that is not endemic to a sin
gle archipelago (two sp ecies each are res tricted to
Fij i and Australia, and all 22 of the rem aining spe
cies are found only on New Caledonia) .

5chefflera cabaliollii (Fig. 102) , ende mic to San to ,
belongs to th e Plera nd ra group , which is cen tered
on Fiji (eight species , all endemic) , wit h one sp e
cies restricted to th e Solomon Islan ds and another
found there and in New Guinea. Mem bers of this
gro u p have [lowers th at produce abund ant nectar

and bear u p to several hundred stamens , both adap
ta tions to pollination by b irds an clJor bats . Unlike
mo st o ther Arali acea e in Vanuatu , the an cestor of
5chefflera cabalionii may have co me from Fiji rather
tha n New Caledonia.

While on San to , the field team fou nd several large
trees belonging to a sp ecies in another group of
5cheffl era, the Gabriellae gro up, otherwise repre
se nted by tw o species in New Ca led on ia, one in
Fiji , and one in Vanuatu . Th e co llections ma de
by the San to 2006 team (Fig. 10 3) wer e initially
though t to belong to 5. vamwtua, a species previ
ously known only from a few collection made on
An eityurn , the southern-most island in th e arc hi 
pelago si tuated abou t 600 km away. Ho wever,
field observa tions made on An eityu rn jus t af ter
th e end of th e San to 2006 ex pe dition showed tha t
th e trees on that isl and are not as tall and have
s ma ller fru its and mu ch wider leafl ets . Subseque n t
s tu d ies us ing DNA seque nce data confirmed th at
th e trees on Santo rep resent a different species ,
perhaps more closely relat ed to the Fiji an spe
cies th an to 5. vallLlatua. This new species is no w
being described . A second novelty in 5cheffl era,
also ende m ic to Santa , was di sco ver ed on Mou nt
Tabwemasana and belongs to th e Dizygotheca
gro up , which ha s 16 species in New Ca led on ia
and two others in Vanuatu res tricted to islands
farth er to the sou th.
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Figure 102: The flowers of Schefflera cabalionii (above), a
species endemic to high elevation forest on Santa, produce
abundant nectar and are pollinated by birds. The fruits (below)
are located below the leaves and may be bird-dispersed.

Figure 103: This new species, belonging to the Gabriellae
group in the genus Schefflera , was discovered du ring
the Santo expedition and appears to occur only on the
Cumberland Peninsula.
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FOCUS ON GEISSOIS (CUNONIACEAE):
ANOTHER EXAMPLE OF THE MELANESIAN CONNEOIO

Yohan Pillon

Figure 104: Ceissois denhamii at Penaoru, Santo.

Figure 105: Distribution of the species of Ceissois within
Melanesia.

G. polyphylla (NC)

G. denhamii (Vanuatu)

G. pruinosa - G. racemosa complex (NC)

G. hippocastanifolia (Ne)

Figure 106: Phylogeny of the genus Geissois accordin g to
molecular data.

(white grass) at medium to high eleva tion , includ
ing the summit of Mount Tabwemasana.

The San to 2006 expedition provided an opportuni ty
to co llec t mat eri al for a ph ylogen eti c s tudy of
Cu no niaceae largely focused on the taxa occur
ring in New Cale do nia. Two nuclear genes wer e
sequenced for all m embers of Geissois from New
Caledonia and Vanuatu , and th e res ults were us ed
to recon st ruct the relationships amo ng the spe
cies. Th e ph ylogenetic tree (F ig . 106) indicates
a close rela tio ns h ip between G. denhamii and
th e New Caledo nia spe cies, wit h G. denhamii
nest ed wit hin the New Caledo nia gro up , sugges t
ing tha t its ancesto r ori gin at ed in New Caledo nia .
Although the Fijian and Solomon Island spec ies

G. imthurnii
G. stipularis
G. superba
G. terna~. '
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Th e genus Geissois, taken in the strict sense (i.e.
excl uding the Aus tra lian spec ies) , a member of the
family Cu no niaceae , is a gro up of trees and shrubs
endemic to the islands of the Pacific. It is easily
disting uished by its opposi te pa lmate ly com poun d
leaves and its bright red flowers arra nged in bottle
brush like inflorescences that attract nec tar ivorc us
birds (Fig. 104) . Besides their ornament al poten
tial , spec ies of Geissois provide valuable rim ber and
several species possess an tibiotic and an ti-oxidan t
propert ies , a feature shared by many Cuno niaceae.

Th e genus enco mpasses 19 spec ies, 13 of which
are endem ic to New Caledo nia, four to Fij i, one
to Temotu Province (Vaniko ro) in the Solomon
Islands, and one to Vanuatu (Fig. 105 ). Geissois
denhamii, the Vanuatu species , ranges from Vanua
Lava in the North to Aneytiurn in the Sou th and
is present on mos t of the larger islands, including
San to. It is a sma ll to large tree found in primary
rainforest or some times in secondary vege ta tion
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have not ye t been included in ph ylogen eti c s tudies ,
a sim ilar position can be ex pected for th em .

New Ca ledon ia is home to th e largest number of
sp eci es and th e greatest m orphological diversity
with in Geissois, and it seems pl au sibl e th at th is
old arc hipe lago was th e crad le o f th e ge n us . As
the islands of Van ua tu emerged from th e sea
through th e process o f volcan ism , th e ge n us
no doubt reached them through long-dist an ce

di spersal , w h ich was facilitat ed by sma ll win ged
se ed s th at can easily be carried by th e wind .
Thus Geissois is similar to other genera suc h
as Megastyl is (Orchidaceae) , Oxera (Larniaceae)
and th e ge ne ra of Ara li aceae mentioned above ,
all o f which lik ewise had members that di sp ersed
from New Ca ledo n ia (o r in one case perhap s Fiji )
to Van ua tu , d em ons tra ting th e biogeographi c
affin it ies between these n eigh boring Melan esian
archipelagos .

FOCUS ON PANDANS
Thomas Haevermans

This cha pter deals with the sc rewpine fam ily,
Pandan aceae, a member of the mo noco tyledons ,
a major flowering plant gro u p that also includes

Figures 107: Multiple fruits of two species of Freycinetia,
resembling a pineapple.

famou s p lants such as the pa lms (Arecaceae) ;
orchi ds (O rch idaceae) and grasses (Poaceae) .
Species of Pandanaceae are co m monly see n in
th e tropics , and Pandanus is wide ly grovvn as an
ornam ental. Some of th ese plants are used for a
variety of purposes, esp ecially as a source of food
and as a co ndimen t (for exa mple, leaf extracts from
PandantiS amarylliJolius add a dis tinc tive aro ma
and green co lor to dishes , espec ially in southeas t
Asian cu isine) . The ed ible fru it of so me spec ies are
also used to mak e a uniqu e red sauce, especia lly in
Ocean ia.

Pandanaceae can be recogn ized by their long, green ,
entire, genera lly spiny -toothed leaves th at are us u
ally spira lly arrange d at th e branc h tips , and by th e
charac teris tic s tilt roots prod uced at the base of the
st em . Species of Pandan aceae are dioeciou s , with
male and female flowers bo rne on different plants.
The fem ale flowers often resemble a pineapple and
develop into distinctive multip le fruits (Fig . 107)
made of tightly arr anged phalanges (co n taini ng
th e seeds) also ca lled "keys ", becau se whe n one is
rem oved th e others come apart eas ily (Fig. 108) .
Th e m ale flowers are especially ephe m eral and are
therefore under-represented in herbarium speci
mens. Some species contain cultivars with vari
ega ted leaves while others show various degrees of
glaucous ness.

• • • Taxonomy of Pandanaceae
Hundreds of Pandanaceae have been descri bed,
many of which are not valid or do not correspon d
to currentl y recognized species , as exemplified by
the 3- page lis t of synonyms for Pandanus tectorius in
th e Pacific, which includes a nam e for nearl y eve ry
kn own variant o f the fruit. Th e family co mprises
four genera, Freyc inctia, Martellidendron, Paruianus
and Sararanga. Among these, Pandanus is the larg
est, with abo u t 600 recogn ized species and a hu ge
list of synon yms , followed by Freycinetia wi th ea .
30 0 sp ecies. Th e two rema in ing gene ra are less
spec iose : Martellidendrol1 has seven species and
Sararanga two .

. 94
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Pandanaceae are restri cted to the Old World ,
an d Pandanus is th e most widely dis tr ibu ted
genus , exten d ing from West Afr ica to Oc ean ia.
Freycin etia ranges fro m Sou the ast Asia to Oceania,
Martelliclenclron occurs only in the western Indi an
Ocean Islands (Madag ascar and the Seychelles) ,
and Sararanga is restr icted to th e Philippines and
New Gu inea.

In Vanua tu , seven species of Freyc inetia have been
recorded , none of which is endemic. By con trast,
14 of the 19 species of Pandanu s cu rre ntly list ed
from Vanuatu are known on ly from the archi
pelago (Tab le 7) , although in rea lity there may be
fewer spec ies as the genus has a lon g hist ory of
over-description, a phenom eno n that has been less
pronounced in Freycinetia. On San ta we co llec ted
one endemi c taxon, Pandanus nogarete (Fig. 108 ) ,
whi ch was previously on ly kn own from Vanua
Lava Island farther to the north .

• •• Major ecological and morphological
characteristics of Pandanaceae

Speci es of Freycinetia are lianas and therefore
requ ire support to grow. They often "crawl" on
tree trunks , reaching toward the canopy to flower
an d attract pollinators wi th th eir very showy bracts

Figure 108: Fruits of Pandanus nogarete break into individual phalanges showing a distinctive red calor that is characteristic of this
species and its relatives.
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Table 7: List of Vanuatu Pandanaceae (adapted from the World Checklist

of Monocotyledons, 2008) , taxa restricted to Vanuatu preceded by an

asterisk ",

Freycinetia (7 species)

Freycinetia arbarea Gaudich., 1829

Freycinetia demissa Benn. inJ.J.Bennelt &R.Brown, 1838

Freycinetia micradanta Martelli, 1910

Freycinetia monticola Rendle, 1921

Freycinetia reineckei Warb. ex Reinecke, 1898

Freycinetia schlechteri Warb., 1906

Freycinetia sulcata Warb., 1906

Pandanus (19 species)

*Pandanus arrectialatus H.SUohn, 1989

Pandanus cominsii Hems!. var. cominsii, 1900

Pandanus cunei/armis H.SUohn, 1989

Pandanus dubius Spreng.var. dubius, 1826

*Pandanusefateensis H.SUohn, 1989

*Pandanushallearum B.CStone, 1976

*Pandanus mauricei H.SUohn, 1989

*Pandanusminimus H.SUohn, 1989

*Pandanusmultidentatus H.SUohn, 1989

*Pandanusngunaensis H.SUohn, 1989

*Pandanus nagarete H.SUohn, 1989

*Pandanus anesuaensls H.SUohn, 1989

*Pandanus parou H.SUohn, 1989

*Pandanus pweleensis H.SUohn, 1989

*Pandanus pyramidas H.SUohn, 1989

*Pandanus quinarius H.SUohn, 1989
-- - -------i

*Pandanus todiier H.5Uohn, 1989
-------

Pandanus tectarius Parkinson ex Du Roi, 1774

Pandanus whitmeeonus Martelli, 1905

(mod ified, bright ly colored leaves) containing
numerous flowers borne on fleshy edible parts
(Fig . 109) that attrac t bats and birds, which are the
main po llinators . Fr~ycinetia, along with Pandanus
and Martellidendron , lac ks a perianth (petals
and sepals) , alt ho ugh these structur es are found
in Sararanga . Species of Pandanus are free-standing
trees , often wit h lateral stilt roots, and thus do not
requi re any ph ysical support. Some members of the
genus are very large , an d the species exhibit a vari
ety of growth forms and arc hitec tura l models .

In Van ua tu, as elsewhere , Pandan aceae occur
prima rily in forest s and in coastal areas , alt ho ug h
Pandanus co n ta ins so me spec ialized ende mics that
are adapted to swampy habitats or are res tricted
to dry, rocky areas (suc h as limestone formati on s
in Sou theas t Asia and Mad agascar ) .

• • • Uses of Pandans
Hundreds of varieties of Pandanus tectorius are
grown in the Pacific, and in Vanuatu thi s species
is know as pandanas in Bislama. Some var ie ties are
se lec ted for the ir fru its and o thers for their leaves.
The frui ts (keys) of edible varieties are consumed
in vario us ways. Fo r example, they are us ed to
make drinks, a dried paste and flour, and the seeds
o f some spec ies are also eaten. The leaves are used
to make high quality baskets, mats and hats, and
are also used for roof thatching. Moreover, the
s tems are used for house cons tru ction and for
craft making, and the roo ts for their medicinal
properties .

Figure 109: Inflorescence of Freycinetia sp., with its distinctive
showy, fleshy bracts that are often eaten by pollinators.
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FOCUS ON ORCHIDS
Marc Pignal

Orchids pro bably arrived on San ta by wind disper
sal. Of the islands tha t make up Vanua tu , San to is
the one that hos ts the most spec ies of this emblem
ati c and well known plant family. The island's
broken relie f and the diversity of its habitats have
made it possible for man y spec ies to gro w th ere
and for groups to diversify.

Orchidaceae surprise botan is ts every day, and there
is prob ab ly no fam ily that is mo re studied. They
occupy the first p lace amo ng flowering plants
in terms of the number of sp ecies , with an esti
ma ted 20000 worldwi de . Globally, orchids have
colonized almos t all mili eus , wi th the exception of
two extrem es: aqua tic enviro nme n ts and deserts.
Elsewhere, however, from cold temperate zones
to hot and wet climates , one can find members of
this family everywhe re, bu t it is in th e intertropi
cal zones that the largest nu mb er of spec ies are
found . Orchids grow on man y subst rates: sha llow
and deep soils , ba re rocks , and even ot her plants ,
on which they occ ur as epiphy tes , one of th e most
common habi ts in th e famil y.

Numerous ada p ta tions can be observed am ong
orchids. Relations with the insect world are innumer
able. Cha rles Darwin was the first to study the pat
tern s of pollination in this ext reme ly diverse group,
and he even postulated the existence in Madagascar
of a butterfly wh ose prob oscis exceeded 30 cm in
length based on the existence of a spur that long
in the orch id Angraecum sesquipedale. The insect,
a sphinx named Xantopan morganii praedicta, was
ind eed discovered , more than four decades later.

Orchi ds aro use d passion and specu lat ive fever
in th e nin eteenth cen tury. Even today, facts suc h
as "the illegal trade of fauna and flora gene ra tes
th e third high est fraud ulent sa les after drugs and
wea po ns, and ofte n us es the same ne tworks " can
be read on the webs iie of th e Fren ch Ministry of
Environ men t. Amo ng plants , Orchidaceae along
with Cac taceae are subject to the highest levels of
illegal commerce . Th eir trade is highly regulated:
bey on d regional prot ection , all orchid genera are
listed on Appendi x 1 or 2 of th e CITES Convention.
And among plant lovers, th e ironi c term "orchido
mania" has often been employed.

•• • Affinities of the Vanuatu orchid flora
According to Lewis and Cr ibb, th e orc hid flora of
the Vanuatu archipe lago has a s trong influ en ce from
the Indo-Malaysian regio n and to a lesser ex ten t
from New Caledonia . Th e abse nce of absolu te
isolation and th e relativ e yout h of th ese islands,
which eme rged abo u t 1.5 million yea rs ago , make
th e Vanua tu flora rela tively poor, altho ugh the re
is s till some ende mism . Th e arch ipe lago has never
been connected wit h the Aus tralian mainland, so
it has been derived entirely fro m trans -oce anic ele
ments. The small size of orch id see ds is particularly
favorab le for dispe rsal by wind.

•• • The floristic affinities of
orchids on Santo Island

San to is the largest island of the Vanuatu archipel
ago. It has th e widest var iety of geological zones ,
including coas tal plains in th e north and south ,
a mountainous massif datin g from the Oligocen e

Table 8: Comparison of Orchidaceae species on Santa with those occurring in the other islands of the Vanuatu archipelago.

Species in common with Santa Total number of species % of species hared withSanta Spedes/kmz

Vanuatu (all islands) 161

Santo 98 98 10 0.03
----

Erromango 6 70 66 0.06

Anatom 36 62 59 0.39

Elate 0 57 70 0.07

Pentecost 48 73 0.15
--

Vanua Lava 26 45 58 0.56

Ambae 34 43 79 0.10

Tanna 22 31 71 0.08
----

Malekula 17 22 n 0.02

Epi 7 8 fl7 0.03

Ambrym Ii 8 52 0.02

Maewo 3 6 50 0.03
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Figure 110: Dendrobium polysema, an epiphytic orchid growi ng on a tree trunk.

in the wes t, and plateaus of Qua ternary age in the
east. Simi larly, Santo has the largest number of
orchids in the archipelago: 98 of the 161 species
(6 1%) reco rded in Vanua tu are found on th e island.
However, within the archipe lago, San to's orchid
flora is amo ng the lowest in terms of spec ies per
uni t area .

• •• Morphology

o c c Mon opodial and sympodial or chids
Orchids can be classified according to their mode
of vegetative growth. Monopodial groups comprise
those whose stem grows indefinitely and whose
in florescences are born in a lateral position (such as
for example the genera Saccolabiumand Glmnarella).
Sympodial groups have stems that terminate their
grow th in an inflorescence (such as Dendrobium and
Bulbophyllwn ), with subsequent growth taking place
from buds located lower down on the stem.

••• Terrestr ial, lithophytic and epiphytic orchids
Orchids tha t develop on the ground (referre d to
as terrestrial) are relati vely infrequent , whe reas
th ose that use anothe r subs tra te for su pport (suc h
as rocks for lith ophytes, or an other plant for epi
ph ytes) are mo re numero us (Fig. llO). The roots
of th ese orc hids are adapt ed so that th ey can attac h
to their support . Th eir exposu re to the free air has
resulted in ano the r ada pta tion , indicated below.

••• Flora l m orphology
Orchids have type III flowers , meaning that they have
a regular plan based on th ree sepals , three peta ls , two
whorls of three stamens, and an ovary with three
locules. This basic plan is, however, often defo rmed.
In many genera , the ovary un dergoes a torsion suc h
that the upper parts of the flower are positioned
below. The three sepals are often unequal in size and
the dorsal one (i.e. the one in the upper position )
sometimes differs considerab ly from the two occupy
ing the lateral posi tions. The si tua tion is reversed in
the pe tals: it is the basal pe tal, which forms the lip,
tha t di ffers from the others . This lip plays a major
role in the attraction of pollina ting insects. Lastly,
the reproductive parts are amalgamated or uni ted to
form a common structure known as the gynostem
(or column) in whic h the stigma forms a cavity, and
only some of the stamens develop, while the others
may form struc tures that preve nt self pollination.
Amo ng the orchids on Santo , only a single stamen
usually develops and the ant hers form masses of pol
len that can stick to pollinat ing insects.

••• See d structure
The seeds of orchids, wh ich are very numerous (more
than one million have been cou nted in a single frui t
of some species), are among the sma llest in the plant
world, and are also the simplest mo rphologically,
comprising a sol id mass of undi fferentiated cells sur
roun ded by a dead , un icellular, generally very thin



and absorbent tegument. With the exception of some
type of seeds that exhibit ancestral characters within
the family, most orchid seeds have no cotyledon and
very few if any reserves. The undifferentiated embryo
is thus dependent on its immediate environment for
development upon germination.

A century ago Bernard highlighted the complex rela
tions that exist between the seeds of an orchid and
an endomycorhiza, Rhizoctonia. As shown by this
author, symbiosis between the two organisms is a
permanent struggle that must lead to the formation
of a seedling. It is clear that the fungus provides its
host with the nutrients necessary for its development
and cellular multiplication. The Orchid embryo is
not, however, as undifferentiated as its simple mor
phology might suggest. Specialized cells are present,
which Bernard called phagocytes, whose function is
to digest the fungus filaments as they develop, and
without them the embryo would be quickly infested.
This is where the specificity of the orchid-fungus
relationship intervenes: if the phagocytes are too
effective, they will completely block development
of the fungus and thus the growth of the orchid
embryo. Symbiosis between these organisms thus
takes the form of a carefully balanced competition
between them. But this relationship is still more
complex: Bernard also showed that an attenuated
strain of fungus loses the capacity to bring about
germination in the orchid.

• •• Diversity in the genera
Dendrobium and Bulbophyllum

••• Dendrobium
The large genus Dendrobium, which comprises
more than 1000 tropical and subtropical species, is
represented in Vanuatu by 28 species of which 19
grow on Santo. These orchids are very variable veg
etatively, leading some botanists to recognize many
additional taxa within the genus, a matter of debate
among specialists. All species of Dendrobium share
several floral features, and the search for similari
ties and differences within this group is fascinating.
Its evolution and the multiple adaptations of its
members are vast subjects for study.

What are the common aspects shared by all the
members of this genus? As in the majority of plant
groups, key features are related to the reproductive
system, i.e. the flower. Like all orchids, Dendrobium
species have a lip -a specialized petal adapted to a
mechanism of pollination involving insects- and
a gynostem or column. Generally, in orchids the
column is positioned directly in the center of the
flower, whereas the lip is in the same whorl as the
two other petals. In this respect, Dendrobium flow
ers are even more asymmetrical than those of other
orchids: the column is attached in its middle to the
inferior ovary, the lower part forming a mentum (a
chin), which together with the lip below it, forms a
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kind of more or less articulated clip, shaped almost
like a tube in some species. This asymmetry is
variably marked depending on the species, and the
range of variation based on this Simple floral model
almost exceeds the imagination.

The inflorescences are also very diversified in
Dendrobium. They are short and few-flowered in
D. delicatulum, which compensates for its low
number of flowers by their bright caloring. In D.
macranthum, the inflorescences are long and full
of flowers, which can be observed on plants grow
ing on fallen tree trunks along the coast, or more
frequently in D. conanthum, which occurs inland.
Some other species with brightly colored flowers,
such as D. rarum, bloom once the stem has lost its
leaves, whereas those of others such as D. involutum
are scattered among the foliage (Fig. Ill).

Botany students are taught that buds (With the
exception of the terminal bud) are born in the axil
of a leaf. In Dendrobium, this is generally the case,
but in certain species, a curious adaptation has led
to inflorescence buds being positioned opposite a
leaf. This is the case for example in all members of
section Grastidium. It reality, this is an artifact: the
base of each leaf comprises a sheath that sometimes
surrounds the stem for 1"2 cm. The inflorescence
bud is borne in a leaf axil, but it pierces the sheath
and the inflorescence thus appears to be positioned
opposite the leaf immediately above.

It would be nearly impossible to identify vegetative
characters shared by all members of Dendrobium.
Certain groups have developed robust pseudo
bulbs, as can be seen in O. macrophyllum, whereas
others have thin stems that look like grasses, as in
subgenus Grastidium. The leaves of various taxa
can be thin or fleshy, and the roots, which can
sometimes be fine or sometimes thick, are fixed to
the ground, stones or branches.

••• Bulbophyllum
A similar pattern can be seen in the second largest
genus on Vanuatu, Bulbophyllum, which comprises
more than 1000 species in tropical and subtropical
areas and is represented by 17 species in the archi
pelago, including 12 on Santo.

The generic name is derived from a uniform fea
ture of this group: all species have a pseudobulb
surmounted by one or two thick leaves, as in
Bulbophyllum stenophyllum (Fig. 112). The genus is
a record-holder: is has the greatest variation in size
of any orchid genus. The New Caledonian species
B. heehee has more than twenty pseudobulbes of a
few millirneters each and grows on a small square
of bark, whereas B. longiscapum (Fig. 113) from the
islands of the SW Pacific, including Vanuatu, has
leaves from 25 to 30 cm in length and rhizomes
that can reach 70 cm long.



Figure 111 : Dendrobium involutum, whose paired flow ers are
located among the leaves.

Th e flowe rs in Bulbophyllurn have three triangu
lar sepals of various len gth and two petals that
are sometimes reduced to fimbriate strips. In B.
streptosepau im , the dorsal sepal is helmet-shape d ,
prot ect ing the column , and d oes not exceed
1 cm lon g. The two dorsal se pa ls on the o the r
hand reach 6 cm in length and are ro lled up and
twist ed . Bulbophyllum flowers have a mentum, as in
Dendrobiurn, but it is gene rally very short. Th e lip
has a remarkable and cons tan t adaptation: its apica l

Figure 112: Bulbophy/lum stenophy/lum .

pa rt , wh ich is coarsely tri an gu lar, is at tached to the
base by a small , flexible ligamen t and can thus oscil
late with the slightest breath o f wind or under the
weight of a tiny insect, which no do ub t plays a ver y
important role in pollination . Bulbophyllurn flowers
can emit a ran ge of odors depend ing on the species ,
from pleasant perfumes to more d isagreeable odo rs,
a t least as perceived by human s.

All inflorescen ces in Bulbophyllu rn are lateral and grow
from the basa l rhizome, either at the base or between
two pseuclobulbs. Another orch id, Mediocalcar para
doxurn (Fig. 114) , is closely rela ted to Bulbophy llurn
and was abundantly collected by the botanists dur
ing the Santo 2006 expedition. It differs, however,
by its sepals that are united th rougho ut most of their
length and thus form a small bell, and by the posi
tion of the inflorescence, whi ch is located at the end
of the term inal ax is.
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Figure 113: Bulbophyllum longiscopum.

• •• Atypical among the typical
Some morphological adapta tions can be astonish ing.
In most plan ts, photosynt hesis takes place in the leaves
or in specialized adaptations of the stem called cla
dodes. In epiphytic orchids, however, the roots also
have chlorophyll, especially toward their tips, and this
fixes a portion of the atmospheric carbon used by the
plan t. This astonishing adaptation makes it possible for
many orchid species to reduce their total leaf surface
without sacrificing their ability to photosynthesize.

• Microiatorchis and Taeniophyllum,
from reduced leaves to th ei r en ti re loss

Micmtatorchis (wi th eight species inc luding two on
San to) an d TaeniophylluJrI (l OO species, also two
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on Same) grow as plates on the trunks an d main
branches of trees . It is probable that additional spe
cies in these genera will be discovered be cause they
are extrem ely small and are often hidden among
mosses or by the relief of a tree's ba rk.

Th ese two genera ex hibit an even more dis tinc tive
evolution ary novelty: the en tire loss of. leaves. In
Microtatorchis only you ng indiv idua ls have leaves
an d as th e plant matures new leaves are increas
ingly sma ll, ul timately be ing replaced by minu te
sca les . As for Taeniophy llwn , their stem, wh ich is
only a few millime ters lon g, bea rs its leaves in a
rosette of scales that dry up sh ortly after develop
ing. Th e loss of leaves in both Microtatorchis and
Taeniophy llwn means that the roots not only absorb
water and minerals , th ey also serve as the sit e
where photosyn thes is takes plac e.

••• Orchids without ch loro phy ll
Other terrestrial orch ids have an even more radical
metabolic adapta tion : not only do the ir leaves remain
in a vestigial state , but evolutio n has led to the total
a loss of chlorop hyll. Thu s, like animals, they exhibit
carbon heterotroph ism, i.e. the incapacity to syn the
size sugar from atmospher ic carbon dioxide , and must
therefore draw the organ ic compounds they need
from the ground around them, a phenomenon known
as saprophytism. Several species , including both trop
ical and temperate taxa, share this distinc t feature.
The mechanism of the germina tion of seeds has been
observed in a temperate saprophytic species, Neottia
nidus-avis. The achlorop hyllous orchids occurring in
Vanuatu, whic h belong to several genera , are as fol
lows: Gastrodia CLlnnighamii, Dipodium punctatum,
Didymoplexis micradenia and Epipogium roseum,

Th e developmental cycl e of Epipogium roseum,
studied by Doc ters van Leeuwen in 1937, is amo ng
th e fastest of th e family: the inflorescen ce eme rges
very qu ickly, fertili zati on takes place in the floral
bud , and the seeds, each comprising only a few
cells, develop in jus t a few days.

Figure 114: Mediocolcocor porodoxum.
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FOCUS ON PALMS
Jean-Michel Dupuyoo

Palms are distinctive plants that are found in practi
cally all tropical and subtropical areas, whether in the
wild or in cultivation. The family includes a total of
nearly 2800 species, many of which are endemic to
small areas. Vanuatu, which has 18 species belonging
to 13 genera, is one of the most important centers of
palm diversity in the Pacific. Members of the family
are present on all of the islands making up the archi
pelago and in all types of habitat, comprising a domi
nant element of the landscape. Palms are also used
traditionally in many ways by Vanuatus inhabitants,
including for construction, as a source of food, and
for sacred and religious purposes.

Figures 115: Cyphosperma voutmelense growing in perhumid
forest in northwestern Santo.

Figure 116: Licuala grandis growing in its native habitat.

• •• Palms of forest habitats

000 Cyphosperma voutme1ense
This palm is endemic to the mountainous chain in west
ern Santo, occurring primarily in the undergrowth of
humid forests, where it grows in small colonies, gener
ally above 900 m elevation, and is often abundant (see
"Principal Types of Vegetation Occuring on Santo").
A few populations are found in open areas, where the
plants exhibit a more prostrate habit. Individuals of C.
voutmelense are relatively small, reaching a maximum
of about 6m in height (Fig. l l S). The leaves are pin
nately compound and measure between 1 and 1.5 m
in length. The fruits, which are about 1cm long and
olive-shaped, are reputed in northwestern Santo for
their medicinal properties, in particular as a treatment
for certain types of fever.

•• Licuala grandis
This species is native to the Santa Cruz archipelago
and San Cristobal in the Solomon Islands as well
as to the islands in the northern half of Vanuatu ,
including Santo. Its leaves are palmately com
pound and the plants rarely exceed 3 m in height
(Fig. 116). The fruits are round and measure about
2 cm in diameter. Licuaia granclis occurs in shady
areas in low elevation forest and is rather uncom
mon, growing in sparse colonies. On San to, the
leaves of this palm are often used as an umbrella by
women and for roofing on traditional houses. Of all
Vanuatus palms, this is the most common world
wide: L. grandis is widely cultivated in Europe



because, in addition to its ornamental qualities, it
can easily be grown as an interior plant.

••• Veitchia winin and Veitchia arecina
The genus Veitchia is restricted to Melanesia (Vanuatu,
Fiji and Tonga) and is represented by four endemic
species in Vanuatu, two of which (V arecina and V
winin) occur on Santo. The first of these is widely
distributed, growing in colonies and ranging from
the Torres Islands in the north to Tanna in the south.
On Santo, this species is primarily limited to the
southeastern part of the island and on Malo. Veitchia
winin occurs on Malakula, Pentecost and in western
Santo. The trunks of this large palm, which are about
20 cm thick, often reach to over 20 m in height, and
the tallest individuals are emergent, dominating the
forest canopy. The "almond" (endosperm) is often
extracted from the seeds of these palms while still
soft, but once the seeds reach maturity and turn red
they can no longer be eaten. The trunks are used for
traditional construction, especially in western Santo.

••• Calamus vitiensis
This lianescent (climbing) rattan species has a trunk
that can reach 30 m in length, and occurs on practi
cally all of the islands comprising Vanuatu and is also
found in Fiji. The leaves are pinnate and at their tip
they bear a flagellum armed with small barbs, which
enables the plant to remain firmly attached to the
surrounding vegetation and to reach into the canopy.
The fruits are 2 cm in size and covered with scales.
The inhabitants of Vanuatu employ the stems of this
palm as an especially strong cord or rope used in both
traditional construction and artisanal works.

• •• Cultivated palms

••• Cocos nucifera
The coconut probably originated in coastal areas in
the islands of the Pacific and research has shown
that it was already present in Vanuatu well before
the first humans arrived. This salt-tolerant palm
occurs primarily in the littoral zone, and while its
floating fruits can be dispersed over great distances
by ocean currents, man has long been responsible
for its presence throughout the world.

Coconut trees can grow to 20 or 30 m tall. The
trunk is smooth and can reach about 30 or 40 cm in
diameter near the ground, above the swollen base. Its
leaves are pinnate and measure from 4 to 6 m long.

Coconuts are often grown in gardens, around habita
tions, and in mono-specific plantations that also serve
for raising cattle. Coconuts are one of the most impor
tant agricultural species in Vanuatu, and the sale of
copra provides the sole source of income for many
families. Above all, however, this is a multi-purpose
species. The trunk is used in construction, the leaves
are employed in basket weaving and as roofing, the
terminal bud is eaten, the meat of the fruit is used
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in the preparation of sauces, and the milk makes a
refreshing drink. Moreover, several parts of the plant,
such as the bark and roots, have medicinal uses.

••• Carpoxylon macrospermum
This palm can become very large, with the trunk
reaching 20 m in height and 30 cm in diameter at
breast height (DBH). The leaves are pinnate and
arching, and the fruits are red at maturity, measur
ing 6 cm long and 4 cm wide.

Carpoxylon is the only monospecific genus in Vanuatu
(i.e. with just one species), and because it is highly
threatened, it has become one of the symbols for pre
serving the country's flora. At one point it was only
known from a few individuals in the south of the
archipelago, but is now widely multiplied and distrib
uted. On Santo, C. macrospermum can be seen grow
ing in cultivation around houses and in gardens.

The young fruits of this palm are edible, although
when mature the endosperrrr is no longer palatable.
The leaves are made into brooms and the trunks
can yield high quality wood. However, on Santo C.
macrospermum is mostly grown for its ornamental
qualities and for its value as a rare plant.

••• Metroxylon warburgii
The "sago palm" or "sagoutier" is a massive, fast
growing plant that can reach 5 to 20 m in height
at maturity (Fig. UY). Its trunk is 30 to 40 cm in
diameter and contains a large quantity of starch.
The long pinnate leaves often exceed 3 m in length
and the long leaflets have valuable properties that
are utilized locally. Metroxylon warburgii is hapaxan
thic (meaning that each stem dies after flowering)
and the inflorescences are borne above the leaves.
Unlike M. sagu, a closely related species, individuals
of M. warburgii do not re-sprout at the base, making
vegetative propagation impossible. The fruits, cov
ered with scales, are large and pear-shaped.

Metroxylon warburgii occurs on most of Vanuatu's
islands and can also be found in the Solomons and
on Rotuma in northern Fiji, although the precise
origin of this species is not known. Sago palms are
usually found as cultivated plants in gardens and
around houses, and populations that appear to be
wild often in fact represent old plantations that
have been abandoned. It is thought that humans
brought M. warburgii with them when they arrived
and that it thus actually represents a crop plant.

This palm is now used locally for its foliage. The
leaflets serve as roofing on traditional dwellings in
northern Vanuatu and when properly treated are rot
resistant. Roof "tiles" are sometimes sold commer
cially, and the southern islands import large quantities
from the north, in particular from Santo. The leaflets
of the varieties that grow in the southern islands are
of lower quality and are thus less widely grown.
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Figure 117: Metroxylon warburgii growing in southern Santa.

Several spec ies of Metroxylon are currently exploit ed
for their starch. The best known, M. sagu, is an
impo rta n t cro p, especially in New Guinea and
Malaysia . Metroxyl ol1 warburgi i is also ex ploited
in Vanua tu, altho ugh its use has decreased and is
now largely restricted to more isolated parts o f the
archipe lago . Extraction of sago was obse rved in
2003 in so ut hern Santo usin g a technique similar

~, .., ._ .",.
Figure 118: Extraction of sago from Metroxylon warburgii by
locals in south ern Santa.

to that employed elsewhere in the region. Plants are
felled just as flower ing is about to take place, which
corres po nds to the stage when the trunk con tains
its highest conce nt ra tion of s tarch. Th e trunk is
cu t into seve ral seg men ts, and in orde r to release
the s tarch from the cells in whic h it is co ntained ,
the core is reduced to a fine powder, a process th at
requires extensive pounding wit h a hammer that
resembles those used by the local popu lations of
New Guinea and Sulawesi . Th e powd er is the n
rinsed to ex trac t th e starch , whic h is suspended
in the wa ter while th e fibers and other residu e are
elimi nated by filtration (Fig. 118) . The ex tract is
th en left to decant in a small tub, an d once dried,
the starch can be stored for several mo nths.

Metroxyl ol1 also serves as a source of salt for people
living in th e interior of San to . In th e past , acce ss to
the sea -even though jus t a few kilome ters away
was limited because of co nflicts with neighboring
groups , whi ch isolat ed th ose livin g inl and . Th e salt
was extracted by dissolvin g th e ash of burned leaf
blades and petioles , and the resul ting salty wa ter
was thus us ed to prepare sauces , a prac tice th at has
now become very rare (Fig. 119).

The flora of Vanuatu co n tain s a second species of
Sago palm. Metroxyl ol1 salomol1e l1se is na tive to th e
northern part of the archipe lago (the Torres and
Banks Islands) and also the Solo mo n Islands. This
large palm is so me times cu ltiva ted on San to , but is
not used except as an ornamen tal. Whi le its lea flets
are larger in size th at tho se of M. warburgii, th ey do
not have the same physical qu ali ties and as a co nse
qu ence th is species is rarely cultiva ted .

Figure 119: Extraction of salt from the ashes of Metroxylon
warburqii (southern Santa) .
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FOCUS ON FERNS
Germinal Rouhan

Year of the expedition Number of species
(Reference of the publication) collected

Vanuatu
11

Santo

1971 (Braithwaite 1975) 250 (11) 167 (5)
I1

1996-1997 (Matsumoto et al. 1998) 212
---'

2000-2001 (Matsumoto et al. 2002) 150
f-

2006 (Rouhan here presented) 147 -

•• • Taxonomic diversity
of pteridophytes on Santo

Very few bot anist s have co llected fern s in th e
northern isl ands of Van ua tu, including Sau te .
Among the first to have sa m pled ferns are the
Reverend FA . Campbell 0872-1873) , S.F Kajews ki
from the Oxfo rd Expedition 0928-1929), and T e.
Cha m bers in 1963. The most in ten sive co llec ting
work has been conduc ted m ore recen tly, in particu 
lar by the Brit ish Royal Soci ety Expedition (971 ),
several Japanese expeditions (the Nippon Fern ist
Cl ub of J apa n in 1995; th e Tsu kuba Bot anical
Garden , Nati on al Scienc e Mu seum , in 1996, 1997 ,
2000 , and 200 1) , and by members of the San to
2006 expedi tion (Tab le 9).

Table 9: Main inventor ies of the pteridophytes of Vanuatu. The
numb er of endemic species is indicated in brackets.

• •• A great diversity of ferns can be
observed by the person who knows
how to recognize them ...

All lineages of mon ilophy tes and lycop hytes are
rep resented on San to (Fig. 12l), with just one
exceptio n, Isoetes. The m orph ol ogical di versity
ex hibited by th ese gro ups on San to is much grea ter
th an is co m mo nly ass u me d by mos t people: ferns
are no t on ly the famili ar gree n p lan ts wi th fine ly
disse cted lea ves but include ma ny other, of ten sur
prising forms . Un fort u nately, it is not possible to
point to a Single unique morphological charac ter
that distingui sh es a plant as a fern or "alli ed plan t".
However, in mos t case s ferns can be distingui sh ed
by the presence of:

• croziers (also know as "fiddleheads") , which are
the young leaves spirally coiled in bud (Fig. 122);
• scales (mu ltice llu lar and plane ep idermal
outgrowths) tha t are more or less abunda nt and
scattered on th e leaves, peti oles , and rh izomes
(Fig. 123 ) ;
• rhizo mes (creeping to more or less erect stems);
• sori (gro ups of spore-p rod uc in g s truc tures
kn own as sp or an gia) of di fferent sha pes and sizes
bo rne un der the leaves , co nferring patterns that
are oft en charac teris tic of genera (Fig. 124) .

Ophioglossum

Whisk ferns *
(Psi/alUm)

Other fern s
(indudinghorsetails, EqlJiserum*)

Seed plants

Quilw or ts *
(lsoeres)

Spi ke m osses *
(Se/agineJla)

Pterid ophytes (fe rns) are one of several gro ups of
plants that do no t d isplay flowers. Th ey are fou nd
in nearly eve ry type of vege tat ion on Santo, from
the shorelines to the h igh est su m mits, including
humid fores ts , coc onu t planta tions, river ba nks
an d dry areas . Indeed , members of this gro up occ ur
throughou t th e wo rld , ex tending from co ld reg ions
to the tropics . They can be terrest rial, epi phytic
(growing on other plants) , lith op hytic (growing on
roc ks) or climb ing; som e are minute wi th leaves
that are one cell th ick whereas others form large
trees more than 20 m tall. In additio n to th eir
importance in several ecosys tems, [erns are par
ticularly in formative for u nders tanding the Ooris tic
affinities be tween Santo and other Pa cific islands ,
an d more generally for s tudying th e origin and
biogeography o f in sular floras. Fern s also ap pear
to play an importan t ro le in th e culture of Vanua tu
and are used in numerou s ways.

Club mosses *
(Lycopodium. Huperl ia)

Bryophytes

Figure 120: Evolutionary relationships betwe en pteridophytes,
shown in green, seed plants (spermatophytes), and bryophytes
(mosses and liverworts), with relative placement of the two
natural groups that comprise the pteridophytes: monilophytes
and Iycophytes; the groups often referred to as "allied plants"
or "fern allies" are indicated with an asterisk (") .

Altho ugh ferns have no flowers , they are not bryo
phytes (see "Focus on Bryophytes ") , whic h lack
internal vasc u lar (i.e . wat er-conducting) tissue.
Ferns and what are genera lly referre d to as "allie d
plants" , have similarities in their li fe cycles an d
reproduce by dispersing spores . These features , in
addi tion to the absence of flowers and see ds, d is
tinguish th em from seed plants (spe rrna tophytes) ,
which include the we ll-k nown flowering plan ts
(angiospe rms) and gymnosperms (including ka u
ris; Agathis sp p .). Ferns and "allied pl ants " are
mos t frequ ently referred to as pteridophytes , but
they ac tua lly form two dis tinc t natur al groups:
monilophytes and lycophytes (Fig. 120) , which
div erged from their most rece n t co mmon ancestor
abou t 400 millions yea rs ago .
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Figure 121: Some species representing the main lineages of monilophytes and Iycophytes present on Santa. A: Lycopodium vo/ubi/e.
B: Huperzia sp. C: Prosaptia contigua. D: Se/aginella distons. E: Psi/otum comp/anatum . F: Cyathea truncata . G: Schizaea dichotoma.
H: B/echnum pi/osum . Equisetaceae and Ophioglossaceae not shown here. Isoetes not recorded from Santa.

Figure 122: Crozier (young spirally coil ed leaf) of G/eichenia
aft. mi/nei.

Figure 123: Apex of the tree fern Cyathea truncate displaying
a dense coating of hairy red-brown scales.
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Figure 124: Sari of som e ferns from Santa. A: Selliguea aft. feeoides. B: Lygodium reticulatum . C: Cyathea lunulata. D: Pteris pacifica.
E: Davallia repens.

The most diversified fern grou ps on San ta are
the gen era and famili es that are th e most di vers i
fied worldwide, su ch as Hym en ophyllaceae (28
species ), Asplenium (- 15 species , Asp leniaceae) ,
Huperzia (- 12 species , Lycopodi aceae) , Cyathea
(-8 species, Cyatheaceae), Diplaziwn (8 species ,
Woodsiaceae ), Pteris (-8 sp ecies , Pteridaceae) ,
AdiantllllJ (5 sp ecies , Pterid aceae) , Blechnmn

( - 6 spe cies , Blechnaceae ), Ltndsaea (7 spe
ci es , Lin dsa eaceae) : Selaginella (6 species ,
Selagin ellaceae) .

• •• Observations on the ecology
of ferns on Santo

Although more extensive inventories and ecological
monitoring plots would be necessary to provide precise
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Figure 125: Large ferns of the edges of rivers (e.g. Hypolepis
elegans) .

Figure 126: The dense vegetation formed by a creeping member
of the family Gleicheniaceae (G/eichenia sp.) on open ridges in
the western part of Santa's central mountain chain.

in form ation on the distribu tion patt erns of ferns on
Santo , the bo tanical work conducted to date offers some
insight in to ecological features of the ferns growing on
the island . The eastern part of the island is mainly
made up of low altitude hu mid forests and highly
secondary areas, all of which appear to be part icularly
poor in pteridoph yte diversity, although ferns can be

Figure 127: Montane cloud forest at 1450 m (Cumberland
Peninsula) w ith numerous epiphytic ferns and tree ferns.

Figure 128: The hepatic- like filmy fern Didymogl ossum
tahitense (Hymenophyllaceae) with appressed fronds on a
tree trun k (Cumberland Peninsula).

locally abun dant in some places. This is espec ially tru e
alon g the edges of roads and tracks and along rivers
(Fig. 125) , where some of the largest ferns on San to
grow (wi th leaves that can reach 5 m long, e.g. in spe
cies such as Cyclosorus costatLls , C. magnifiCH5, C. rubri
nervis, Hypolepis elegcms and Pieris tripartua).

Ferns are mor e abu ndant and diverse in the wes tern
part of San ta , where more tha n 80 % o f the spec ies
d iversi ty probably occurs. The op en r idges of th e
wes tern part of the m ountain cha in are freq uently
colo nized by climbing ferns suc h as Gleichenia sp. ,
forming dense and tangled vege ta tio n (Fig. 126) .
However, mos t fern diversity occurs in humid for
es t. Tree ferns belonging to th e genera Cyathea and
Dichsonia (With eigh t and one sp ecies , respec tively)
are we ll represen ted an d diverse in forest oc cu rr ing
on slop es . Thei r abundanc e is higher above 600 m



in mori tane cloud fore s t (Fi g. 127) , ch aracter ized
by almos t perman ent atmos pheric hum idi ty (from
clouds , fog, and mist ) that is captu red by th e veg 
eta tion, ad ding significa n tly to precipi ta tion from
rain fall. Such ecological condition s are particul arly
favourable for epiphytic fern species , which are
freque n tly seen in the fores ts of th e Cumberl and
Peninsula and on th e island's highes t su m m its of
Mount Tab wem asan a and Pie Santo . Some epi
phy tic fern s have evo lved remarka ble hygrophil
ous strategies . On Santa, Didym oglosswn tauuense
pro vides a st riking illustration of such adaptations.
Th is species, a member of th e most diversifi ed fern
family on San to (Hym eno ph yllaceae , the "filmy
fern" famil y, wit h 28 spec ies ), shows reduced , thin
and roun ded leaf blades that are app ressed to the
tree trunks , allowing them to tak e ad vant age of
surface water , giving this sp ecies an unusual "liver
wort-like" aspect (Fig 128) .

•• • Biogeographic affinities of the
Pteridophytes from Santo

More than 75 % of the fern gene ra found on Santo
h ave a wid e geog raphic distributi on (from paleotropi
cal to cosmopolitan) and there is no endemism on the
island at this taxo no mic level. A lack of generic ende
mism is not un expected for an ocea nic island suc h
as San ta . Indeed , distri butions of fern s on island s
suggest th at the y can disperse over thousands of
kilorneters , and it is often assu med that the dis tribu
tion ranges of fern taxa are a result of dis persal rath er
than vica riance , reflectin g the ability of pteridophy tes
to disperse easily via their du st-like spo res. Th ese
minu te unicellular pro pagu les « 100 pm) are pro
du ced in huge nu mbers (one plant of some species

Figure 129: Statue carved into stylized image of figur e, used in
tradition al rituals (from the Banks Island s).

can gen erate an average of 6 x 107 spores annually)
that can travel high in the atmosphere over great
distan ces. Experimen ts have shown tha t spores are
s till able to germina te and deve lop int o apparently
normal protha lli after travellin g above 10000 m for
several hour s. A Single spore arriving on Santa wo uld
thus be capa ble of germinating and developing in to a
bisexual game tophyte, which could self-fert ilize and
to give rise to a new spore-bear ing pla n t.

Although geographically closer to New Caledo nia
and the Solom om Islands tha t to Fiji, Santa shows
its closest pteridophytic floristic affiniti es with this
archi pelago at both th e the gene ric and specific levels.
New Caledonia and Vanuatu share abou t 100 species,
but less than 10 of these are restricted to these two
areas, fewer than five of which occur on Santa . It is
ama zin g tha t New Caledonia and Vanu atu , separa ted
by less tha n 350 km at their closest points , have such
dist inct fern floras, a situ ation that may be explained
by geo log ica l and climatic factors. For exa mple,
numerou s New Caledo nian ende mic terrestrial fern s
grow on serpentine soils , which are esse ntia lly abse nt
on Santa and more genera lly in Vanuatu .

At the species level , detailed taxonomi c s tudies may
reveal up to as ma ny as five endemic taxa (which
wo u ld still be less th an 2 % of th e to tal San to fern
flora ) , all app arently mos t close ly related to relatives
growing on Fiji , the Solomons or New Caledonia. By
comparison, more than 40 % of the fern species on
the n eares t archipelago, New Caledonia, may occur
nowh ere else on Eart h . Vanuatu ma y well have the
low est level o f spec ies ende mism am on g [erns of any
of the majo r archipe lagos in th e Pacific (Fijt , French

Figure 130: Lycophyte used as hair ornam ents : fertile portion
of Hup erzia sp.
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Polyn esia, New Caledo nia , New Zealand , Samoa ,
Solomo n Islands), sugges ting that its pteridop hyte
flora is rela tively recen t and has not been isolated
long enough to give rise to new species.

•• • Uses of ferns in Santo and Vanuatu
Travelin g in San to, from Luganville to the Mount
Tabwemasana mass if, thro ugh villages and forests,
it qu ickly becomes obvious tha t ferns are widely
used in Vanuatu, perhaps like nowhere else in the
world . Members of the tree fern genera Cyathea and
Dichsonia are probably th e most used . Several spe
cies can reach more than 10 m in height and have
leaves (fronds) more than 5 m lon g. They are mainly
exploited for their tru nks , whic h are mec han ically

very resistant and long-lasting (decomposing very
slow ly). In part icular, Ni-Vanuatu take adva n tage of
the toughn ess of the roo t mantles forming th e base
of the tru nk for flowerp ots and for carving statues of
stylized images or figures that are use d in tradi tiona l
ritua ls (Fig. 129). Whether carved or not , however,
all species of tree ferns are protec ted un der CITES
(the co nvention regulating international trade in
endangere d species of plants and animals) so they
may not be exported legally exce pt for scien tific
purposes. Some other uses of ferns include as hair
orna ments (any kind of fern is used, but fertile par ts
of Huperzia are th e most frequently seen; Fig. 130)
and for food (the young leaves of genera DiplaziwJ1,
Pteris and Cyathea are some times eaten in so up) .

FOCUS ON BRYOPHYTES
Elizabeth A. Brown

Mosses , liverworts and hornworts are members of
plant groups that we re amo ngs t the earliest lan d
plants to diverge some 400 milli on yea rs ago . Th ey
are of ten descr ibed as "lower " plants becau se th ey
lack roots , flowers and a so phis tica ted vasc ular
sys tem . Bryop hytes require water to co mp le te their
life cycle ; like ferns, they pr oduce spores ins tead
of seeds an d water is essen tial for transfer of th e
motile gametes an d fert ilisa tion. However, recen t
research suggest s transfer may also be accom
plished by sma ll ar thropods. In spite of th ese
limitations bryoph ytes have developed a range of
strategies for survival and are found in virtually
every ha bitat , including some of extreme peri odic
dryn ess . As they dr y out, th e plan ts sus pend meta
bolic ac tivi ty and only recomme nce functioning
as th ey absorb wa ter (a feature also found in some
flowering plan ts and ferns termed "resu rrect ion"
plan ts) . In bryophy tes the re-wetting and return
to activi ty happens very quick ly as the leaves are
mostl y only one cell thick.

The bryophyte flora of islands is often regarded as
rather depauperate. Th e only way for bryophytes to
spread is as small pieces of plant or as spores, and
many spec ies do no t produce spores regularly or
even at all. Th ere are some obvious exceptions; New
Caledo nia and New Zealand have very rich, interest
ing and diverse bryofloras bu t Vanu atu has a flora
that is less diverse and endemism is fairly low, with
man y of the spec ies being wides pread. However,
when size of the landm ass is cons ide red, the num
bers become far more compara ble. For example, Fiji
has approximately 211 liverworts whereas Vanuatu
has only 145, bu t whe n land area is compared there
are 11.2 and and 11.7 species per 1000 k mz, respec
tively. This contrasts with the flora of New Caledonia
(436 species and 23.3 species/lOOO krnz) and New
Zealand (678 species and 2.3 species/lO OOkrn-) .

The Society Islands (including Tahi ti) , which have
been botan ically explored exte ns ively, have 186 spe
cies of liverwor ts 0 10.7 species/lOOO km-) .

Researc h on the mosses and liverworts of Vanua tu has
occur red spora d ically over the last 150 years. Much
of the literature has been published in scien tific jour
na ls and some of these are not widely available, even
in bota nical libraries . The primary descrip tions of
many spec ies are based on the features of specimens
occuring in other countries . Frequently, the pres ence
of the plant in Vanuatu is mer ely referred to in a brief
note on the plant's distribution.

Vanuatu has hosted few visi ts by bryologists and
many areas have not been ex tensive ly surveyed .
Th e Revere nd Wil liam Gunn, Medical Missionary
of the Un ited Free Churc h of Sco tland , comb ined
his wo rk with botani cal int erests . He was based on
the island of Futuna fro m 1883-1913 but appears
to have collec ted only in the years 191 0-1 9 13 (with
a significant percentage of collections being mad e
on Anei tyum in 1913). Many of his collec tio ns
were used to describe new species an d the types are
h eld at the herbaria in Helsin ki and Sydney.

Further studies on the mosses of Vanua tu were
reported by Theriot in 1938, Dixo n in 1948 and
Tixier in 1972 , 1973 and 1975. A catalogue of
mosses of Melan esia was pu blis hed by Schultze 
Motel in 1973 . As part of his wo rk on th e Pacific,
H.A. Miller collec ted in Vanua tu and drew together
all the literature. He pub lished, in 1978 and 1983 ,
lists of th e mosses and liverwort s occ urri ng in
Oceania, citi ng approximately 203 mosses and 14 2
liverwort s for Van ua ru.

Dale Vitt, a Canadian bryologist, co llec ted on
Mt Tabwemasaria in Augus t 1985, publishing on



elevational and lati tud inal gradie nts of mosses on
Sout h Pacific Island s. He conc luded that there was
a gen era l inc rease in spe cies n umb er with eleva tion
(on individual islands) ; most spe cies are rar e on a
given island , despite few of them having nar row
geographic ranges. He also showed that th e number
of Isobryalean (m oss) sp ecies inc reases dr amat i
cally in the tropics (and in high elevation su bt ropi
cal forest) and moss floras of trop ical Pacific Islands
have a grea ter number of der ived spec ies .

Japanese bryologists ha ve worked extensively in
Vanuatu , particularly Dr. Masanobu Higuchi, who
has vis ited th e islands a number of times , incl ud
ing as part of the large joint expeditions of Tsukuba
Botanical Garden and Natio nal Science Museum ,
Tok yo in 2000 and 200 1. In 1996, Higuchi pro
duced a checklis t for the island moss flora, record
ing 236 species from 84 gen era . His visits to the
islands of Espiritu San to, Efate, Tanna and Anatorn
(Aneityu rn) have resulted in a number of papers that
extend the knowledge of the Vanuatuan bryoflora.

In October 1998 Hein ar Stre imann, th en cura
tor a t th e Australian Na tional Botanic Garden s ,
and avid cryptogam collector (mostly mosses and
lich ens) , visited the islands of Elat e and Espiritu
San to. He died in 2001, shortly before the publica
tion of wha t pro bably would have been the firs t
of a series of papers extending the moss flora of
Vanuat u . The manuscript includes ten new records
for Vanua tu and the first repo rt of 17 species not
previously kn own on Elate or Sant o . The follow
ing comment is made: "The repo rted moss sp ecies
app ear to have a wide Malesian - Pacific range...
more mosses within thi s geographical range will
no doub t be found" . Many sp ecies occur in neigh
bour ing countries an d their abse nce is likely to
reflect lack o f collecting ra ther tha n any othe r fac
to r, e.g. Pelehium bonianum, which is found in th e
Solomon Island s , New Caledo nia and Sam oa, is
lik ely to occur also in Vanuatu .

Th e San to 20 06 expedition prov ide d an oppor
tunity to wo rk in an area of Espiritu San to tha t
appears not to have been previously surveyed and
is relat ively und isturbed . Oc cas iona lly we saw or
heard ca tt le crash ing through th e fores t ah ead of
us but m ostly the on ly evidence was les bouses
fra iches or th e cattle ticks - deligh tfu l creatures
the size of a finger nail with m outh parts designed
to pen etrat e cattle hides . The lowlan d and coas tal
fores ts o f Pen aoru can not be described as br yo
ph ytically rich, with just a handful of com mon
species sparsely sca tte red th rough them . This situ
ation persist s through th e first few h u nd red metres
of topography ; the low light levels , combined
with the periodic dryness are no t friend ly to many
bryophyte sp ecies. Although th is area is dry and
apparently devoi d of b ryophytes , closer ex am i
nation (of 50 m 2 qu ad ra ts) at int erva ls o f ISO m
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alt it ude reve aled at least 11 m osses an d eigh t liv
erworts per quadr at (3/4 of th e latter being mem
bers of th e family Lejeuneaceae) . Species such
as the hardy and Widesp read Leucophanes octo
blepharoides occur sporadically in small popula
tions (e.g. th is spec ies grows in crevices at th e base
of tree trunks) . O the r hardy moss taxa in clude
Rhyn cJlOstegium an d Isopterygium species fou nd
growing on small bou lders whilst a number of
species in the liverwort genus Acrolejeunea also
occur occasionall y on boulders. Mu ch as I enj oyed
the cooking of our wo nderfu l chef, I was eager to
jo in the camp at 900 m eleva tion . Unfortuna tely,
even at thi s altitu de th e range o f bryophytes on
the ridges we traver sed was fairly limi ted, e.g .
Lejeu neaceae, a family normally well represe n ted
in tropical regions , did not occur in grea t profu
sion (although th ey represen t a larg e p roportion of
th e species observed) .

Wa ter for th e camp ha d to be carr ied up from
a small s trea m abou t 100 m below. Th is deeply
di ssect ed and humid area proved to be a riche r
p lace to work. Many of th e twig s on th e trees are
festooned with large penden t species of Frullania
(Fig . 131), Porella and Radula (all liv erwort s)
wit h what is probably a differen t su ite of spe 
cies in the upper cano py of rotten branch es and
twigs (including th e moss Chaetomu rium found
on fallen twigs) . The strea ms ide rocks are host
to Dumortiera tiirsuta, a large thalloid liverwo rt
found th rough ou t tropical areas and Marchantia
emarginata subsp . lecordiana, a plant also recorded
from Ne w Ca ledo n ia. In th e genus Marchantia
the antherid ia (spe rm) and arch egonia (eggs) a re
borne on modi fied areas of th e th allus th at s tand
erec t, look ing like miniature umbrellas (Fig. 13 2) .
Elsewh ere on the slopes near the st ream a thi ck
profusion o f phaneroga ms crowde d out th e b ryo
phy tes at gro u nd level. One of th e few excep tions

Figure 131: Pendent branches of a species of the liverwort
Fru/lania that clothe low branches in humid valley forest.
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Figure 132: Marchantia emarginata subsp. lecordiana,
with antheridiophores (which produce "sperm") and arche
goniophores (which produce "eggs"), from a streamside bank.

was the resilient little moss Isopterygiopsis, which uses
clumps of rhizoids along its creeping stems to anchor
itself to the stems and leaves of the Elatostema.

Vitt's finding that most species are rare is brought
strongly to mind by the occurrence of Telaranea
chaetocarpa adjacent to one of the quadrats. Growing
in profusion on the side of a rotten log (Fig. 133), it
was not observed anywhere else on the trip. A member
of the family Lepidoziaceae, one of my research inter
ests, I would like to believe that I would have seen it if
it were common; I certainly looked for itl Similarly; a
few strands of Kurzia bisetula on the base of a tree fern
(Cyathea) at the campsite alerted me to look carefully
at every tree fern I saw, all without success.

Unlike the people studying insects, I found that
every metre higher that I climbed, the bryoflora
became more interesting and profuse (and yes, there
are more Lepidoziaceae at the higher elevations).
There is a significant change in the species composi
tion at elevations above the level where the clouds
envelope the mountains most evenings. Typically
called moss forest, the species that dominate on
Vanuatu (as well as in New Caledonia, Australia and
New Zealand) are usually liverworts. Few people
make the distinction but mosses and liverworts have
been separate lineages (in spite of their superficial
similarities) since before dinosaurs roamed the earth
and flowering plants evolved as a separate group. At
these elevations the forest is of lower stature and the
higher light levels combined with the constant pres
ence of moisture make it a very suitable habitat for
bryophytes. If climate change advances as predicted,
as many scientists believe it will, the cloud cover
will rest on the mountains at increasing elevations
and the area inhabited by these forests will become
progressively smaller "islands", ultimately disap
pearing as the cloud fails to settle.

Figure 133: Telaranea chaetocarpa growing on the side of a
rotten log.

The track to the quadrat at 1200 m and beyond was
slippery in many places, but that moisture ensures the
presence of species such as Treubia insignis, one of a
group of closely related taxa found in New Caledonia,
Papua New Guinea, Indonesia and the Philippines.
Slime papillae on the surface produce quantities of
mucus-like jelly that make handling this beautifully
lobed and oil-cell speckled liverwort an interesting
experience. Members of the genus Haplomitrium
rarely occur in profusion and I was delighted to see
a population of H. blumii growing on a very rotten
log. Both species have only recently been reported for
Vanuatu.

The highest point in our research area (1300 or
1400 m, depending on whose altimeter one trusts)
was the richest site for bryophytes. Numerous spe
cies of Riccardia were encountered, considerably
more species than the two currently recorded for
Vanuatu. More research is needed but one of the
species may be R. eriocaula, a species that occurs
in New Zealand and southern Australia. I sighted
just one clump of Bazzania erosa (Lepidoziaceae)
growing as an epiphyte high on the trunk of a
Cordyline, in a ball of moss. This is an unusual site
for a Bazzania species, which more normally form
dense clumps on rotten logs (and also a challenge
to a short but very determined botanist in a forest
full of rotten wood). This species is Widespread
throughout the Pacific and Melanesia but has not
been reported from Vanuatu.

As the highest mountain in Vanuatu, Mt
Tabwemasana, is a magnet for botanists, but the
undisturbed upper slopes of Penaoru also proved
to be a rich and exciting place for bryophytes.
Further exploration, as well as research on the spe
cies collected during this expedition, will expand
our knowledge of the bryoflora of Vanuatu.
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the Forgotten Kingdom
Bart Buyck

Mushrooms are often looked upon
as some kind of odd vegetable but
thanks to technological progress it
has now been clearly established that
they belong to a very diverse group
of organisms we call" fungi", which
are neither plants nor animals. As a
matter of fact, the fungi represent

a separate kingdom of living organisms whose
affinities are more with the animal world than
with plants. Fungi are not studied by botanists,
but by mycologists. Unfortunately, mycologists

are much harder to find than the fungi they study
and we still know very little about the fungi on
our planet. As past inventories focused princi
pally on plant and animal biodiversity, we still
know surprisingly little about fungal diversity.
Scientists have so far named less than 5 % of the
estimated minimum of 1.5 million species. It is,
therefore, not surprising that we knew hardly
anything about the fungi that are present on the
island of Santo at the onset of this large inventory
project. We have found no published records of
past inventories of the fungi of Santo.

FUNGI OF SANTO: A DECOMPOSER COMMUNITY

Fungi are generally depicted as organisms that thrive
on the decomposition of dead organic material and
wastes. Many fungal groups, however, are entirely
composed of symbionts or parasites that are highly
dependant for their development on specific groups
of living plants or animals. The latter is also the case
for many -probably even most- of the widely
known, larger forest mushrooms that appeal so
much to the general pu blie. Both these typical for
est mushrooms and their host trees can not survive
without formmg root symbiotic structures (called
"ectornycorrhiza") in the soil. Examples of such
symbiotic forest mushrooms include not only such
reputed edibles as morels, truffles, chanterelles and
boletes but also comprise several thousand species
belonging to more common and very diverse mush
room genera such as Amanita, Russula, LacLarius,
Cortinarius, Tricholoma, Hebeloma, lnocybe, etc.

By just looking at what kind of animals and plants
inhabit Santo, we may already have a hint of what
groups of fungi to expect on the island. Indeed, one
of the first things that may strike you when looking
at the list of the forest trees that are present there,
is the absence of those mushroom-associated tree
families that dominate forest types elsewhere in the
world: Santo lacks not only Fagaceae (oak, beech,
chestnut, etc.), Betulaceae (birch, poplar, alder,
etc.) and Pinaceae (pine, spruce or fir, etc.) that are
so common in the northern hemisphere, but the
island also has none of the locally dominant sym
biotic trees from the southern hemisphere. Santo
lacks for example eucalypts and some mushroom
associated Myrtaceae, common in Australia, nor
is the island home to tree species of the predomi
nantly Asian Dipterocarps or to some of Africa's
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widely dispersed legumes (Isoberlinia, Brachystegia,
}ttlbemardia, etc.) in the family Caesalpiniaceae. It
is therefore not surprising that we did not encoun
ter any of the above-mentioned, typical symbiotic
forest mushrooms on Santo, although some fungal
species may perhaps be associated on the island
with the roots of the arnphipacific legume tree
Intsia bijuga, which was common on Santo but is
under strong pressure from deforestation, or with
the roots of coastal Pisonia (Nyctaginaceae).

The absence of typical forest mushrooms does not by
any means imply that you will encounter very few
fungi when exploring Santo. Of course, the climatic
conditions have to allow for their growth I Indeed, fungi
need moisture for fruiting, and at least the soft fleshy
mushrooms will only be present for a very limited

Figure 134: Polypores are very common and diverse in Santo's
forests.
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Figure 135: This st ill undescr ibed Polyporus was found on dead
tree trunks and was said to be edible and locally w ell-liked .

time of the year wh en rains are abundant. Mushroom
hunting will therefore be more rewarding on the mu ch
wetter east ern part of Sant o. The much tougher poly
pores are considerably less dependant on precipi tation
and may remai n attached to logs and trunks of fallen
or standing trees for man y years and con tinue their
growth with the arrival of every new rainy season .
Th ese large, tough po lypo res are the most prom ine nt

Figure 137: Cookeino specioso, by far the most common
species of this genus, comes in various colours, from white over
yellow to pinkish red.

Figure 138: Cookeino tricholomo is a close relative of C. specioso
and easily recognized by the long hairs that cover its outer surface.

Figure 136: It is me rely a matter of one or two hours for the
delicate Dictyophoro species too change from the egg-stage to
their fully expanded mature form.

representatives o f the decomposer community that is
so typical of San to's forests . One of the best places we
visited was wi tho ut any doubt the coas tal den se for
es t reserve at Matantas. An overwhelming diversity
of polypores in various co lors and sizes was growi ng
on almost every fallen log and bran ch on the groun d
(Fig. 134). Naturalists who have already looked for
fung i in other tropical forests will easily recognize
some common pantropi cal polypore genera such as
Cymatoderma, Microporus, Pycnoporus and Polyporus.
We particularly found the genus Polyporus itself to be
strikingly diverse on Santo and we recorded close to
fifteen different species duri ng our sho rt visi t. On e of
these - an as yet un describ ed species (Fig. 135)- is
even locally consumed and bears a distinct resem
blan ce to the Europ ean Polyport15 squamostlS .

Most of the decomposer fung i of San to are smaller,
ephemeral, fleshy species that rem ain present for only
a few hours or perhaps a few days, the tim e nee ded to
produce and disperse their spores. Examples among
some of the mo re common , gilled mus hroom gen
era incl ude wood decomposers such as Pleurotus,
Lentinus, Schizophyllwn or the very beautiful yellow
orange Cyptotrama asprata. Arou nd the com pletely

Figure 139: This strange, water-filled ascomycete is Goliello
celebico, a pantropical species.
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decomposed and rotten rema ins of logs and truncs,
spe cies of Ptuieus and Psathyrella form som etimes
vast colonies of man y dozens of fruit bod ies. Suc h
very nutrient-rich sites also favour the proli ferati on of
spe ctacular Dictyopiiora species (Fig. 136). Also man y
ascornycetes decompose wood but most spec ies are
very sma ll. Among some of the larger ascomycetes,
we can cite the many bright yellow, pink, red or pur
ple cups of the various species of the gen us Cooheina
(Figs 137 &: 138) that sprout like colour ful flowers
from the sma ller twigs and branches tha t have fallen
on the forest floor, whereas another wood decompos
ing ascom ycete, Galiella celebica (Fig. 139 ) , keeps it
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own water reserve sa fely stocked inside the cavity of
its gelatinous frui tbody.

Amo ng th e lea f litt er on the forest floo r, many
s hort- live d species o f Copri nus, Lepiota, Marasmitts
and Mycena sp ecia lise in th e decomposition of
leaves an d o ther parts of pa rti cu lar p lan t species.

Ou tside the forest, in th e pastures around the villages ,
slender species of Copiinus, Psilocybe, Panaeoius and
ot her delica te mus hrooms pop up everywhere after
heavy rain , espec ially on or near cowdung or excre
men t left by horses, pigs and ot her ani ma ls.

FUNGI THAT LIGHT UP IN THE DARK!

W hen n igh t fall s , the dancing lights of fire flies are
a familiar Sight for many traveller s , bu t mush ro oms
th at light up in th e dark remain a surprising ex pe ri
ence. Go ing out for a n ight walk in th e forest can
defin ite ly be recommende d : biolu m inescen t fungi
are common on San to and we ll known by th e local
popu latio n , who use th em as a light so urce .

Bio luminescent fungi are not so rare as one migh t
think . They occur all over th e glob e and have been
known since ancien t times. They pr oduce ligh t con
tinuously but the human eye needs to wait for dark
ness before it can de tect the ligh t emission. In a very
recent overview of biolu min escence in fungi , th ese
organisms are p laced in th ree differen t ph ylogenet ic
groups : th e Omphaloll!s lineage, the Annillaria line
age and th e Mycen oid lin eage. All th ree compr ise
exc lusively white spored basidiomyceres. The firs t
two lineages are also common in France for exam
p le. The Jack-O-Lan tern COmphalotus ctearius, "le
pieurote de l'olivier " in Fren ch ) is a goo d examp le of
a medium to large-Sized Medi terranean mush room
of th e first line age. The Armillaria lineage comprises
some extremely common mushroom species th at are

respon sible for the "glowing woo d" phenomenon
-or "foxfire" as it has been known since ancie n t
time- because it is not th e mus hroom itself, but
the myc elium and mycelia l cords inside the woo d
th at emit ligh t. O n Santa, we observed only bio lumi
nescen t species of th e Myceno id lin eage (Fig. 140)
These are predominan tly muc h smaller fungi , in
this case species of Mycena and Filoboletus. Apart
from the proven fac t that the light attrac ts insec ts
that may (perhaps) con tribu te to spore dispersa l (in
taxa whose fruit bodies are ligh t em itt ing), there is
no consensus about the "why" of th is phenomenon.
Whether it favours detoxification of so me of th e
metabo lites resulting from the wood degrad ati on or
is simply a by-product wi th no particular se lective
advantage, we do no t know.

The explora tio n of Santo op ened a window on the
in credi bly diverse but still barely unders tood world
of the fung i.. and even th ough we will probably
n ever be able to document the to talit y of the myco ta
of th e quick ly cha nging habitats of Santo , we ca n
st ill profit from th eir ephe mera l presen ce a nd enjoy
their breath- taking beauty and ingenuity.

Figure 140 : Biolu mini scent species of Myceno and Filoboletus are quit e common in the we tte r parts of Santa's forests. Here the
same specimens of a Myceno photographed dur ing daylight and at night.

l l o .









IBISCA projects are structured around various core
scientific questions, namely: quantifying the hori
zontal and vertical species turnover in a lowland
tropical rainforest in Panama; quantifying alti
tudinal species turnover and its implications in
the context of climatic changes in a continental
(IBISCA-Queensland led by Roger Kitching, Griffith
University) or insular (IBISCA-Santo led by Bruno
Corbara) location; and quantifying species turnover
among deciduous forest types in a temperate region
(IBISCA-Auvergne led by BC). The IBISCAprotocol
is multi-faceted, as shown below.

other organisms are also studied in this context.
The IBISCA approach is based on highly integra
tive research projects and the use of state-of-the art
canopy access techniques. Field projects are conduc
ted worldwide in tropical, subtropical and temperate
forests. Thus far projects have been carried out
in San Lorenzo (Panama, 2003-2004), Queensland
(Australia, 2006-2008), Auvergne (France, 2008
2009) and, as far as what concerns us here, Santo,
Vanuatu, in 2006. IBISCA was conceived by Yves
Basset (Smithsonian Tropical Research Institute,
Panama), Bruno Corbara (Universite Blaise Pascal,
Clermont-Ferrand) and Hector Barrios (University
of Panama) in response to the lack of large datasets
on the diversity and distribution of arthropods over
multiple scales (i.e. horizontal, vertical and tem
poral) in tropical rainforests. Such data are funda
mental to understanding the structure of arthropod
communities from the ground to the canopy, and to
test hypotheses about the origin and persistence of
this biodiversity.

••• It is multi-scale allowing for a comparison of
the diversity and abundance of organisms studied
between sites, strata (i.e. ground, understorey, ca
nopy) and seasons. This is of particular importance
since the local species richness (alpha-diversity) and
the species turnover between sites (horizontal beta
diversity) may differ between the ground and the
canopy. Consequently the species turnover from the
ground to the canopy (vertical beta-diversity) may
differ from the local to the regional scale. Without
a three-dimensional approach it is difficult to assess
whether the diversity is highest on the ground or
in the canopy. For landscapes, a stratified sampling
is conducted including the relevant habitats, strata
and microhabitats, In addition, temporal replicates

. are carried out whenever possible since the distri
bution and abundance of organisms may vary seaso
nally, according, for example, to their life-stage. This

Bruno Corbara on behalf of the IBISCA network

Identifying significant patterns in
plant and animal diversity and buil
ding hypotheses about how these pat
terns have been generated is a key
challenge for forest ecologists. Not
only are such results of fundamen
tal importance to the understanding
of ecosystem dynamics, but such
understanding is probably the only
viable path to developing manage
ment tools reconciling sustainability
and human activity.

• • • The IBISCA programme
IBISCA - for Investigating the BIodiversity of Soil
and CAnopy- is an international research pro
gramme whose main aim is to study the spatial
(i.e. horizontal, vertical and altitudinal) and tempo
ral distribution of the organisms which constitute
the major part of forest biodiversity: arthropods.
Interactions with plants (mostly trees) and selected

Unfortunately, the magnitude and
determinants of biodiversity are far
from being even reasonably well
understood; for instance, knowledge
of local food webs is still rudimentary
-which is not surprising when we
consider the number of species that
still need to be described. By far the
greatest fraction of terrestrial animal
diversity is made up of tropical arthro
pods, in general, and insects, in parti

cular. Insomuch as a tradition of the contemporary
study of arthropod biodiversity exists at all, it has
been established that wresting high quality infor
mation from tropical and subtropical forests is a
slow and painstaking undertaking, involving deca
des of careful study at best if carried out through
traditional, single-research group methodologies.
It took two weeks of field work, for example, for
the Australian ecologist Nigel Stork to sample 15
Bornean trees (using the canopy knockdown tech
nique, i.e. diffusing insecticide up into the foliage
with a fogging machine), but more than a decade
for him and his numerous collaborators to sort the
collected material to morphospecies (unnamed
species diagnosed by standard taxonomic proce
dures), not including mites. It was this apparent
dilemma - the urgent need for high quality results
contrasted with the essentially long-term nature of
obtaining such results- that led to the develop
ment of the IBISCA "model".

Biodiversity Along an Altitudinal Gradient
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seasona lity affects th e ease of cap ture and the identi 
fication of the spec imens (immat ure arthropods are
often very difficul t to iden tify). Temporal replicates
yield a representative pictur e of the functioning and
dynamics of arthropod assemblages.

••• It is multi-taxon omi c since no sing le arthropod
taxa is represen tative of th e pa ttern of distribu tion
and abundan ce of the others , as each has its ow n
eco logical requirem en ts . Because an all-taxa ap
proach is ex trao rdinarily cos tly in term s of time
and resources , th e IBISCA Programme has adopt ed
a fun ctional approach including taxa represen tative
of var ious life-history st ra tegies (e.g. bees as pol
linators, termites as scavengers, hemiptera as sap
suckers). Depending on the project, non-arthropod
organisms interacting with arthropods (e.g. host
plants or vertebrate predators) are also included .

••• It is multi-meth od ological since the appropria
te collection me thod may di ffer based on focal taxa
and because the use of nu merous collect ion meth ods
co mpensates to so me exte nt the inevitable bias of
each indi vidu al meth od in term s of represe ntative
ness of the real abunda nce of each taxa in the com
muni ty. In add ition , it may help in developing new
and efficient pro tocols for studying particular arthro
pod assemblages. A spec ial emphasis is placed on
methods such as sticky traps, fligh t-intercep t traps ,
Malaise traps, light traps that allow direct compari
sons between forest s trata to be made.

A characteristic of the IBISCA modus operandi is that
the data collection, processing and ana lyses from all
projects are int egrated int o a collective datab ase.
During field work, project participants focus their
samp ling effort on the same se t of plots . A typical
IBISCA pl ot measures 20 x 20 m. Wi thin the plot,
a botanical team identi fies and tags all of th e trees
(Fig. 141). Th e botanical team s are then followed
by entomological teams as the scientific protocols
become increasingly disru p tive (e.g. when included

Figure 141: Tagging the trees.

Figure 142: Installing a Malaise trap onto the canopy.

Figure 143: Coll ecting in the canopy.

insect icide foggin g comes last) . Tree climbers assist
scie nt ists in setting up the collection devices in
the canopy (Figs 142 &. 143). All participants use
pre-print ed labels with unique sample codes that
are the only valid codes for th e co llective database
(Fig . 144 ). Whenever possible,samp les-especially
those ob tain ed from massive collec tion methods
are pre -processed on si te with th e help of assistan ts
supervised by professional taxo nom ists involved in
the fieldwork. Th ese assis tan ts are either students ,
volun teers or sk illed ama teur naturalists. This cen
tra lized processing of the material is idea l to be
able to kee p track of th e spec ime ns from co llec tion

• 1/()



Figure 144: Extracted Winkler samples stored in 70° ethanol
w ith their pre-printed label wi th sample code.

to id entifica tion. Th e colle c tive da ta base allows
specimens to be linked to samples , and, th us , fo r
globa l ecologic al an alys es to be condu cted. For
each taxon om ic group , a workgro up lea der is de si
gna ted . He/Sh e is th e co n tact person for th e project
co-ordina torts) and da tabase ma nager rs ) . He/Sh e
co -ord ina tes the work of exp ert taxonomists and is
responsible for the homogenei ty (e .g. in terms of
sys tema tics) and feedback of data . Besides taxono
m ic workgroups, o ther workgroups are dedica ted
to sp ecia l techn iques (e.g. canopy access ) or da ta
ana lyses (e .g. m ul tivariate sta tist ics ) . In terms of
canopy ac cess , th e assis tanc e of professiona l tree
climbers is a constant in all IBISCA proj ects and
th ese proj ec ts ar e often use d as a proving ground for
innovat ive technologi es ; for instance , the pro to typ e
of a new ho t airlhelium ba lloon, the Canopy -G lider
( Fig. 145) , was test ed in Santo for the firs t tim e.

• •• IBISCA-Santo
IBISCA-Sa n to took place in Novembe r 2006 as a sub
p rogramme of the "Fores t , Moun tai ns and Rivers "
com pone n t of the Santo 2006 Gl obal Biodiversi ty
Survey. IBISCA-Santo was p lanne d in this co n tex t ,
w hich obviously exp lains why si te selection for
IBISCA-Sa nto was not id ea l in comparison with
IBISCA -Que ens lan d in terms of the ac cessibili ty
an d proximity of laboratory facilities th a t would
have a llowed temporal repli ca tions and lo ng-ter m
s tu dies to be co nduc ted . Indeed, it is highl y im pro
ba ble tha t su ch a large scale project will be orga
nized again in th e co m ing years , a lthough stric tly
focused investigations (su ch as rap id m on itori ng)
may be planned in the near future , as the bo tan ical
plots will be availab le for years .

The fiel d sa mpling co m pone n t of IBISCA-Santo
too k place in the Sara tsi Range ab ove th e village
o f Penaoru o n the w es t coast of the Cu m berland
Pen insul a o f Sa n to Island , Va nua tu .

Th e lo ca tio n was se lec ted d uring tw o prelim i
nary ex plo ra tory trips . Due to hi s to r ical anth ropic
p ress ure , forests with a hi gh de gree of na turaln ess
are sca rce in San to and li m ited to eleva ted ar eas

I ~ I
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IBISCA-SANTO represented the first attempt to use the
Canopy-Glider for sampling in the upper-canopy. The Canopy
Glider is an inflatable flying craft conceived as an observation
and samplingtool forscientificand conservational purposes.The
Canopy-Glider, designed to carry three persons (two scientists
and the pilot), uses a "Roziere'' structure (the combination of a
hot air dirigible and a heliumballoon)and is propelledbya helix
engine. It has been designed to be highlyefficientforbriefflights
with short intervening stops. This is particularly appropriate
for the collection of botanical and zoological samples in places
that are otherwise difficult to reach. Two tropical cyclones,
"Xavier" (also refered to as OlP; from Oct. 23rd to Oct.25th) and
"Yani" (02P; from Nov.23rd. to Nov.25th), intensely affected the
surroundings of the Vanuatu archipelago during IBISCA-Santo
field workand the Canopy-Glider could onlyfly on the finaldays.
TheCanopy-Glider wasdeveloped byPro-Natura internationaland
designed by Oany Cleyet-Marrel.

Figure 145: The Canopy-Glider.

(g enerally over 1000 m a.s .l.), and , due to rela
tively recent logging, to places difficu lt to reach
by car or by boat , su ch as th e remote parts of the
Cumberland Pen insula in the no rt hwestern part o f
th e island . A two-hour aeri a l survey of th e island in
November 2005 allowed the organizers to pi npoint
wha t appeared to be - based on the aspec t o f the
canopy - the better preserved forest sta nds o n th e
Peni nsula a nd to consider th e Penaoru River Valle y
as the b est way to re ach this ar ea from the eas tern
coa st. Moreover, as m en tioned above and u nsu rpri
singly, th is area has seldom (possibly never) been
visi ted by scientis ts in the pas t. In March 2006, th e
terr es trial explora tion of di fferen t valleys of th e
Curnberland Peninsula con firmed the re levance of
th is ch oice.
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IBISCA-Santo has examined the way in which the
diversity of arthropods and plants (from mosses to
angiosperms) varies along an altitudinal gradient
from 100 to 1200 m above sea level. This transect
represents a transition from the narrow, coastal strip
-which has experienced substantial human impa ct
through shifting agriculture - up to altitudes with
only occasion al and patchy distu rbance (c. 300-500 m
a.s.l.) to higher elevations of more or less pristine rain
forest (500 -1 200 m). The participants in the IBISCA
Santo study essentially comprised two complimentary
teams: those involved in the botanical surve y and
those concerned with entomological endeavours .

• •• Field work
Field work took place from mid-O ctober to early
December 2006. Individual participants were in th e
field for per iods varying from three to six weeks.
Two camps were se t up. Th e base-camp was abou t
4 km ups tream from the village of Penaoru on the
Penaoru River at abou t 50 m altitude. A subsidiary
camp was located abo u t 5 km to the west along
the Sara tsi Range at 960 m alti tude. A to tal of 12
plots were established along an altitudinal gradient
at 100 m, 300 m, 600 m, 900 m and 1200 m a.s .1. ,
eac h comprising an area of 400 m- (20)( 20 m), for
a tot al of area of 4800 rn - .

Within each plot, all trees wit h a diameter at breast
height (DBH) equa l or more than 5 cm were num
bered and permanent ly lab eled , an d a sam ple was
taken of eac h individual. A to tal of 947 trees were
recorded with in the 12 plots. In addition to provi
ding a basis for charac terizing the forests o n Santo,
the plo ts also ser ved as th e inve nt ory sites for the
IBISCA study, ensur ing a baseline of floristic and
st ructura l data to be use d by the en tomo logists.

The IBISCA en to m ological tea m carr ied out
complimentary sub -projects us ing th e following
techniques: light trapping; collec ting endophytic
organisms from th e ground to th e canopy; beating
understo rey foliage; yellow pan trapping; Malai se
trapping (Fig. 142) ; ground flight-interception
trapping (Fig. 146) ; and ba rk spraying. Th e "Ants
and termit es" programme used techniques inclu
ding Winkler sifting (Figs 144 & 147), p itfall trap
ping, beating foliage and soil sa mpling.

• •• Expectations
We envisage that wha t will be produced by many
of the su b-projects will take the form of spec ialised
ecological, faunistic and taxonomic papers . The first
of these, based genera lly on mu ltivariate analysis,
does not require that all of the samples be identified
(the Kitching paper on moths published in th is issue
pro vides an exa mple of such results) . Faunistic stu
dies of particular in terest to biogeographers, howe
ver, do require greater levels of identification tha n

Figure 146: Collecting flying insectswith a flight-interception trap.

Figure 147: Extracting arthropods from the Winkler bags.

ecolo gical studies. Finally, the specimens collected
through IBISCA-San to have already allowed new
spec ies and genera to be identified and describ ed in
taxono mic pap ers.

As mentioned above , one of the grea t str engths of
our multi -dimension al approach versus a co mmo n
exp erim ental des ign is that results from indivi
dual sub-projects can be placed sid e-by-side and
legiti mately compa red witho ut any of the cavea ts
usu ally necessary in suc h co mpara tive analyses.

From such comparisons we will be able to identify
parti cular taxa (i.e. spec ies, genera, famili es , even
orders) which show the most acute changes from
altitude to altitude. It is these taxa that we can pro
pos e to managers and moni tors as the most app ro
priate for detecting changes in climate - either from
place to plac e or over long time fram es. The coin
ciding of this project with the IBISCA-Queensland
Project , which is based on an essentially sim ilar
experi menta l design , is that such comparisons can
be extended so that our Vanua tu results can be eva
luated on a global basis.
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FOCUS ON ORTHOPTERA
Laure Desutter-Grandcolas, Sylvain Hugel & Tony Robillard

Orthoptera are world-wide distrib
uted insects eas ily recogni zed by their
enlarged hindlegs , adap ted to jump,
and by their Iorewings, which cove r
the dorsal and the lateral sides of the
bod y They include two in fraorders ,
Cae lilera (short-horned Ortho p tera)

and Ensifera (long- ho rne d Or thoptera) , su bd ivided
into several major taxon om ic gro ups .

Ortho p tera occur in both na tura l and man -disturbed
env iro nmen ts , sometimes at high density Th ey are
diversified in forested and opened biotas , although
species may have highly specialized habitats and/
or ways of life. Some species are plant-specific, for
food and/or oviposition , but ma ny sp ecies depend
more on vegetation struc ture, which defi nes micro
climatic conditions and the availab ility of micro
habi tats , than on vegetat ion ide ntity Man y spec ies
are either phytophagou s , or omnivoro us ; some are
carn ivorous and feed o n othe r insects.

O ne of th e main biological cha rac teris tics of
Orthoptera is their use of aco us tic signals for com
municat ion purpose, espec ially for reprod uction and
defen ce. Sounds are produced by rubbing diverse
morph ological structures against one another, i.e.
by stridulation . In Caelifera, sou nds are produced
mainly by rubbing hindlegs agains t the abdomen or
a forewing vein . In Ensifera , stridulation modalities
are very diverse, but the most distinctive one implies
the forewings, whi ch are raised above the body and
rubbed together; specific parts of the lore win gs act
as resonators , whi ch great ly enhances the pow er of
the emitted sounds. Some species sing duri ng the
day, but most sin g at night, toge ther with frogs.
Each locali ty then reso unds with a mix o r all emitted
sounds, which is determined by the spec ies compo 
sitio n of the aco ustic community Th is assemblage of
acoustic signals can be us ed to evaluate the d iversi ty
and density of eo-occurring acous tic sp ecies. Suc h
a biodi versity estima te is of course biased , as mute
species cannot be revea led that way, and acoustic
sp ecies do not sing all at the same time. It may any
how be useful to survey already inventori ed habitats
or the density of parti cular spe cies (Fig. 148 ).

In Santo, Orthoptera are rep resen ted by more than
SS species, belonging mainly to Ens ifera . Some
gro ups are well-diversified , with man yspecies (some

still u nd er study), but others are "missing " on th e
island , compared to nearby islands o r territories.
For Ensifera for example, and co mpared to New
Caledo nia, Sant o seems to lack Anost ost omatidae
(we tas) and Pseudoph yllinae ( true ka tydids) . In
cr icke ts, no Oecanthus has been found , although
the Neo caledonian species, Oecanthus nlfescens, is
wid ely distributed in the Sou thwest Pacific; there is
also no Parendacustes, while one species has been
described from th e Loya lty Islands and although
this genus is well-d iversified in th e Indo-Malaysian
region. Conversely, so me taxa are presen t or diver
sified in Santo , wh ile th ey are lacking or poorly
represented in New Caledonia; thi s is the case of
Pentacentrinae and Trigonid iinae (Trigonidiidae) .
The taxa dive rsifie d in bot h areas , i.e. Ne mobiinae
(Trigo nidi idae) , Podosc irti nae (Pcdoscirt idae),
Eneopterinae (Eneo pteridae ) and Phalangopsidae,
mos tly belon g to d ifferent ge nera .

Three main situations describ e the orth opteran fau na
of Santo in term ofspecies dist ribution , as examplified
by the species of the cricket genus Cardiodactylus:

• some sp ecies are dist ribu ted throughou t the
island ;
• others are res tricted to the coastal margin of
th e island , in cluding widely distributed species
in th e Sou thwes t Pacific region, or endemic
spec ies very similar to spe cies found in the sur
roundi ng territo ries; and finally,
• some species are clearl y restricted to the most
inner pans of San to.

• •• Caelifera (Grasshoppers, Locusts,
and Pigmy Grasshoppers)

Cae lifera are poo rly di versified in Santo , with less
than 10 spec ies occurring on the island. All known
caelifera spec ies in Santo are mute, i.e. the y are
not able to prod uce stri dulatio n. Most of them
are wide ly d istribu ted in the Sou thwest Pacific;
the y occu r in man- made bi ota, such as pastures,
gardens and roads ides wi th tall grasses (Austracris
guttulosa; Oxya japonica, th e Rice Grasshopper) ,
and areas with mo re sca rce vege tation (Aiolopus
thalassinus dubius;Heteropiernis sp.) . On the ground
of wooded areas some Tetrigoidea (Eurymorphopus
sp., Pigmy Grasshoppers) are occurr ing .

The mos t remarka ble cae liferan spec ies in Santo is
Hebridea rufotibialis, a brach ypterou s grasshopper
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Figure 148: Sonogram of nocturnal recording at Peavot, showing the distribution of species calls in time (horizontal scale) and
frequency (vertical scale). The frequencies ranging from 5 to 8 kHz are predominantly filled by crickets (C). Podoscirtinae and
Phaloriinae are contributing to the low frequencies within this range (3, 13, 19 and 26 s), and Trigonidiinae to the high frequencies
background noise within this range (and to a small extend Eneopterinae, Nemobiinae and Mogoplistidae). The frequencies ranging
from 8 to 14 kHz are mostly filled by katydids (K). Satomono song corresponds to the long trill throughout the time window, whereas
ttvocepha ironcoisisong corresponds to short calls at 17 and 23 s. Interestingly, the high-audio range is filled by cricket (C) species
(Cordiodody/us novoeguineoe), contrasting with the usual situation in most of the world areas where cricket songs are occupying
lower frequencies range than katydid songs.

endemic to the island (Fig. 149) This grasshop
per feeds mostly on screw palm iPandanus sp.),
but also on fern and Dracaena (Ruscaceae). This
species is found on both preserved and moderately
gardened wooded areas.

three of which were discovered in 2006 and described
in 2009 by 1. Robillard, C. tanhara. L santoensis and
L nattawa). These species sing at very high frequen
cies, near or beyond the limit of human audible spec
trum (Fig. 148).

• •• Ensifera Gryllidea
More than 30 cricket species have been found in
Santo. Some are widely distributed in the Southwest
Pacific, or are pantropical; they occur in man
made biota, such as pastures (Gryllidae: Gryllinae:
TeleogryllLLs oceanicus) or villages (Gryllidae:
Gryllinae: GryIIodes sigiIIatLLS) , or in supralit
toral vegetation near shorelines (Eneopteridae:
Eneopterinae: Caraiodactyius novaegLLineae). The
large majority of species are presently known
from Santo only They live in natural environ
ments and are found especially in forests or in
extreme biotas, i.e. beaches (Mogoplistidae sp;
Trigonidiidae, Nemobiinae: TheteIIa sp) or caves
(Phalangopsidae; Trigonidiidae, Nemobiinae:
Cophonemobius jaLLstini).

The most remarkable biological feature of Santo
crickets is the acoustic behavior of Eneopterinae spe
cies (three Cardiodactyius and two Lebinthus species,

••• Gryllidea of opened areas
Man-made opened areas, such as lawn or low pasture,
are colonized by species largely distributed through
the Southwest Pacific, especially T. oceaniCLLS.

Figure 149: Hebrideo ruiotibialis Willemse, 1926, a brachypterous
grasshopper endemic to Santo.



Along roadsides, where grass is taller, Anaxipha
fuscocinctum, a flashy green Trigonidiinae
(Trigonidiidae) with red spots (Fig 150), can be
found, sometimes at high density; this species sings
and reproduces during the day. Another trigoni
diine, with yellowish brown legs and shiny dark
head, body and forewings, has been found both in
opened areas along the roads and in forest open
ings invaded with creeper. In slightly more covered
places, such as along coastal tracks, an euscyrtine
species (Euscyrtus sp.) may also occur; devoid of
a stridulurn, this mute cricket species is charac
terized by its "Conoccphalus-like" appearance, a
resemblance due to morphological features (body
thin and elongated, wings short, applicated on the
body, ovipositor short, flattened and incurved), col
oration (yellowish with longitudinal brown lines),
and behavior: individuals of EISCY rtus sp. actually
get stretched along grass stems when disturbed,
often moving back.

Mole crickets (Gryllotalpidae) are also present in
Santo and their soft calls can be heard at night, for
example in the viciniy of Butmas.

••• Gryllidea of wooded areas
Crickets are diversified in all the ecological compart
ments of tropical forests. The ecological guilds for
habitats defined by L. Desutter-Grandcolas in 1997
for Newcaledonian crickets are of a general signifi
cance for the group and exist also in Vanuatu.

In Santo, the leaf litter is occupied mostly by
Nemobiinae crickets, which represent the bulk
of cricket specimens in forested areas. These are
small, black to brown species, which sing mostly
during day time. Nemobiinae spend their whole
life time in the leaf litter, while other species,
such as Eneopterinae, occur in leaf litter only as
early juveniles. At least four Nemobiinae species
have been found in all sampled forests (genera
Dictyoncmobius and Pteronemobius). Several spe
cies of Gryllidae have been found but sporadically
in the leaf litter, represented in our sampling by
at least two species of Cephalogryllini, a group
not known from the area yet, although well-di
versified in Australia and New Caledonia. Finally,
Trigonidiinae (Amusurgus spp.) and Pentacentrinae
(Pcntaccntrus sp) hide during the day in the leaf
litter, from which they fly rapidly when disturbed;
they could be active on low plants at night.

Forest vegetation is inhabited mostly by
Eneopterinae, Podoscirtinae, Phaloriinae,
Trigonidiinae, the genus Pseudoirigonuiium, and
to a less extend by Mogoplistidae and Itarinae.
Eneopterinae crickets (Cardiodactylus enhraussi
distributed in the whole island (Fig. 151), C. novac
guincac in coastal regions; C. tanuara in the inner
lands) are the most abundant cricket species on
bushes and low trees, especially near edges. They
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Figure 150: Anaxipha fuscocinctum (Chopard, 1925), male, a
diurnal trigonidiine cricket living in opened areas.

are extremely abundant and feed on many local
plants, from fern leaves to the invasive creeper;
they generally live from 50 cm to 2 m above the
ground, on variable layers of vegetation. C. cnh
raussi lives deep inside the vegetation, hidden
from the edges, from where it emits a very discrete
calling song made of two distinct parts. It occurs
in sympatry with either C. tanhara, or C. novac
guincac which are clearly more conspicuous, as
they live on top of bushes or on the edges of small
trees, and emit a louder calling song. Podoscirtinae
(Aphonoidcs ssp) and Phaloriinae (Phaloria chop
ardi, P waltcrlinii, P faponcnsis described in 2009
by L. Desutter-Grandcolas) are also found on for
est bushes occasionally. They probably live higher
m canopy trees and can be more easily observed

Figure 151: Cardiodactylus enkraussi Otte, 2007, male, one of
the most abundant cricket species in Santo.
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on edge tree s. Som e of th em sing quite loudly and
can be heard in man y places . Pseudotrigonidium
species are elegant and shiny cricke ts, whi ch are
mo re often found at night standing on th e leaves
of bushes or low trees at hu man height , or running
on lian as or twigs. Th ey mos t oft en hide during the
day below loose bark or below bush leaves. Both
Phaloria and Pseudotrigonidium cric kets also hide
in th e aerial litter of tree ferns or Pandanus trees
during th e day. Other species obs erved on under
storey plants and low trees at ni ght include on
on e hand Trigorudiinae, such as a large AnCLxipha
sp ecies (pale green when alive, yellow after death) ,
and several Parameti oche species ( trigoni di ines
with no hindwings, corneous forewings dev oid of
a s tridu lum and lon g, yellow ish legs) , and on the
other hand sca ly crickets (Mogoplistidae: genus
Arachnocephalus) .

Finall y, tree trunks are the pl ace whe re long
legged cri ck e ts (Phalangopsidae) are ac tive at
nigh t. These crickets hid e during the day in bur
rows, or in cavities u nder logs or dead wood ; th ey
have not been obse rve d under loose barks or in
tree cavities abo ve th e gro und . Th ese are relatively
small species devoid of an acoustic st ridulum;
th ey are extrem ely discret e and expl ore th eir envi
ronment with their lon g and flexible an tennae.
Th ey can be relatively abu ndan t locally, as in the
forest s located on sandy so il ba ckwards th e sh ore
lin es , but seem absen t in the forest s locat ed inside
th e islan d.

Gry llide a of sp ecific habitats

• Shorelines
Two di fferen t cr icket communi ties are found in
sp ecific shoreline habitats .

In th e mediolit toral zon e, crickets of the genus
Thetella (Trigo nidii dae: Nernobiina e) occur ei ther
in th e cavities present in rocks of alveola te calcare
ous , or on dark pebble beach (Fig. 152). In the first
case, th ese rapid cricke ts are seen running on the
rocks or on th e sand nearby to escape the waves.
Males are heard singing from th e sma ll caviti es . On
dark pebble beach, TIletella live in sympatry with
a blackish scaly crickets (Mogoplistidae) , together
with several predators (spiders, sma ll lizards) . High
waves during stormy weather seem to depauperate
th ese pebble beach from crickets , the areas being
recolonized after several days only. Thetella have
been found also on alveolat e calcareou s located on
riverbanks clos e to the coast.

In th e supra li tto ra l zo ne , several crickets can
be observed on sma ll trees (Ap/lOnoides ssp;
Arachnocephalus sp.), while low plants are colo
nized by C. l1ovaeguineae. The leaf litt er is occup ied
by Dictyonemobius and Lebinthus species. Lebinthus
is found sometimes in th e leaf litter of the forests

located behind th e coast, or near river sides, but it
never occu rs far from th e coas t.

• Caves
O nly lon g-legged crickets and Cophonemobius
nemobiines ar e found insi de caves , espe cially
those whic h are inhabited by bats. Th e presence of
Cophonemobius in Santo caves was documented by
L. Desutter-Grandcolas in 2009. Cophonemobius are
small, fragile insects , found mostly on cave walls,
but the y run and hide in small cavities and cracks
wh en disturbed . At least four sp ecies of long
legged cric ke ts occur in San to caves , belon gin g to
three different gen era, on e of which probably new
to science.

• •• Ensifera Tettigoniidea (Katydids
and Raspy Crickets)

Fifteen Tettigoniidea species are kn own to occur
in San to as do cumented by S. Hugel in 20 09 . Most
of th ese spe cies ca n be observed in secondar y
habitats such as garden ed or logged areas , and
virt ually no species are strictl y res tric ted to unmod
Hied, nati ve biot a. This might be due to the weak
de pen de nc e of Tettigoniidea on sp ecific plant
species , th ese insects depending usually rather
on th e vege ta tio n s tructure and climatic param 
eter s. Tettigoniid ea ar e occurring in m os t o f
San to habitats, except cav es and shor elines. O ne
third of the species are consid ered as endemic to
San to and/or indigen ous to Vanua tu, the other
two thirds are m o re wid esp read in th e Indo
Australian area.

••• Tettigoniidea of ope ne d area s
As in similar earth biota, Santo op en ed areas
covered wi th gra sses , suc h as roa dsides,
pasturelands , and garde ns are inhabited by at least
three Conocephalus specie s (m eadow ka tydids:

Figure 152: Thetella sp., female, a nemo biine cricket inhabiting
coastal areas such as alveolate lime stones and beaches.



C. upoluensis, C. semivittatus vittatu s and C. oceani
CLlS) and also by PseHclorhynchus lessoni (s no ut -nosed
katydid ) . These species are so me times occurr ing
in a rela tively hi gh density. On tall grasses of such
areas , Phoneroptera gracilis, a nocturna l s pec ies ,
can also sometimes be observed . Conocepnalus
males ca ll during both day an d night whe reas
Pnaneroptera ei e ra ther nocturnal ; their calling song
is rela tive ly inconsp icu ous in th e audible range.
Contrasting with Conocephalus and Pnaneroptera
subtle so ng , th e loud and s tri de n t buzzing call of
P lessoni emitted during th e firsts hours of the
ni ght is easily audibl e.

••• Tettigoniidea of wooded areas
Th e apparent dens ity of Tetti goniidea is relatively
low in both prese rved and secondary wooded
areas, and in suc h biota these ins ects are hardly
obs erved during day hours as all spec ies are mostly
no ct urnal.

On tr ees and bushes foliage nea r th e sho re
(Terminalia, BalTlngtonia , Hibiscus, e tc.) , th e spiny
pr edatory katydid Phisis holclhausi can be observe d .
Th is species is widespread across th e Polynesian
area, its range ex tending from Ne w Guinea to
Gambier. Another Phi sidini sp eci es, P pseudopal
lida, occ urs in other secondar y habitats . In wooded
areas of low altitu de, th e large Xanthogry llacris
punctipennis (Fig. 153) and another Gry llacrididae
Amphib ologrylla cris macrocera can be observed
rush ing on branch es and foliage while ex ploring
their surroundings wi th th eir tremen dously long
antennas . Xanthoglyllacris p.lI1ctipennis is a wide
sp read spec ies wit h numerous subspeci es living in
Australia , Solomo n Islands and New Guin ea.

In su ch low alt itude area s , several leaf mi mick
in g Phaneropter inae and Salomona redtenoacher!
are also occurring. SalomonC! are relatively larg e
katydids with remarkably strong and harmful man 
dibles (Fig. 154) . Males are producin g the on ly
conspicuous Tettigoniidea song audible in wooded
areas ; the ir co ntinuous high-pitched son g is usu
ally emitte d near the top of trees.

In both preserved and secondary wo oded hab 
ita ts ab ove 30 m , tog ether with Salomona
redtenbacheri, EumiC! insularis (Phanerop terinae)
and Amphibologry llC! cris macrocera, th e large
endemic leaf mimicking Mecopodinae Ityocephala
jran coisi is found (Fig . 155). Two endem ic
Gr yll acrididae species have only been fou nd
abo ve 600 m: AmphibologlyllC!cris buima si a nd
Psilogryllacris tchancha.

Beside unde rgrowth Gryllacrid idae , all the other
species are usu all y occu rring near th e cano py,
an d only few specimens ( laying fem ales , moult
ing specime ns, etc.) ca n be obs erved fro m
the gro u nd.
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Figure 153: Xanthogryllacris punctipennis (Walker, 1869)
(Gryllacrididae) living in wooded lowlands.

Figure 154: Sa/omona redtenbacheri Brongniart, 1897, a large
katydid with strong harmful mandibles.

Figure 155: Ityocepha/a francoisi Bolivar, 1903 (Mecopodinae),
female, the large endemic leaf mimicking katydid.
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TERMITES IN SANTO: LESSONS FROM A SURVEY IN THE PE AORU AREA

Yves Roisin, Bruno Corbara, Thibaut Delsinne, Jerorne Orivel & Maurice Leponce

Termites (Isoptera ) are soc ial insects. Their soci
eties rely up on a complex sys tem of cas tes , i.e.
ca tego ries of morpho logically distinct individu
als that pe rform sp eci fic tasks. Amo ng the most
ubiquitous castes are the reproductives (queen
and king), soldiers and workers. Th e reprcduc
tives are the only on es to reproduce. Soldiers are
spe cialized for defence, whe reas wor kers pe rform
most of th e colony's chores, such as digging, con
s truc tion , food gathering and dist ribu tion , an d
care of the young .

The most basal termi te families , such as the
Kalotermitidae , live within pieces of dead woo d on
which they feed , but the Termitidae, often called
"higher term ites" , have diversified to exp loit a
wide variety of food items such as decayed wood ,
grasses, lichens , leaf litter or humus. In mos t trop
ical rain fores ts, termites are major decornpos
ers . Lowland continental termite assemblages are
the mos t diversi fied wi th respect to their nes ting
ecology and food so urces . Hyp ogeous nesters and
soil feeders are usually poor migran ts, whose spe
cies richness quickly dwindles as soon as overseas
dispersal is required. In a recent revision of the
Termitinae of New Guinea , Bourguignon , Leponce
and Roisin showed that on ly a few species in this
sub- family may qua lify as so il or soil-wood int erface

feeders, o f which only one reaches the Solomo ns .
Further eas t, island termite faunas comprise exclu
sive ly woo d feeding species. Altho ugh the effect of
alt itude on term ite assemblages has seldom been
quantified , i t is obvious for field termitologist s
that termi te abundance and diversity decline from
lowland to mont ane fores ts. Finally, with in a single
type of forest , ter mit es may display a vertica l st rati
fication between ground-level and canopy strata as
we have shown in a previo us 1BISCA programme
held in a lowland forest of Panama.

Th e termite fauna of Vanua tu is mostl y known
from casual records . In 191 5, Holm gren and
Holmgren descr ibed Procryptotennes speiseri an d
Nasutii erm es novarumhebridarum , as well as six
new spe cies from New Caledonia and the Loyalty
Islands. The Royal Socie ty - Percy Slade n expe
dition collected on ly six genera and 10 spec ies
from Vanua tu in 1971. Of these , two species of
Neotermes and two Nasutitermes were found on
San to, bringing the reported rich ness of this island
to six species in three gene ra. Subsequent collect
ing and identification work was carried out by
John C. Bucke rfield, from CSlRO, whose unpub
lished records mention 24 species in nine genera
from Vanuatu , of which 16 species in seve n genera
wo uld be present on Santa .

Table 10: Termite species collected near Penaoru during the Santo 2006 expediti on. Number of occurrences in systematic ground
level samples (100-90 0 m) and in canopy samples (Cl OD-O DD m).

Family / Species 100 m 300 m 600 m 900 m Cl00 m (300 m I

Kalotermitidae l-
Cryptotermes tropicolis Gay & Watson 2

- - -_.-
Cryptotermes olbipes (N. & K. Holmgren) 1 1

- - i- --
Pracryptatermes speiseri (N. & K. Holmgren) 3 I 5
--- --- - 4 --

Incisitermes sp. 3 2
------i 1--- ---- -i-

Neotermes sp. :2 2 5
~ --t - --

Clyptotermes sp.A I 1
- -

Clyptotermes sp.B 1 2
- _.... '- - --

Rhinotermitidae - -
Prorhinatermes inapinotus Silvestri 1

-- I -_.-
Termitidae

Nosutitermes novorumhebridorum (N. & K. Holmgren) 14 4 5 1 :2 5

Diwoitermes konehiroe (Oshima) 6 9 5 5

Total occurrences: 89 28 19 13 13 5 11

Total species: 10 6 6 4 4 3 3

• 128



• •• Santo 2006: study sites and methods
During Santo 200 6, termi te collecting took place
on the Penaoru site , in Nove mber 2006 in the con
text of the IBISCA-Santo programme. Syste matic
sampli ng was carried ou t on four plots , si tuate d
at altit udes of 100 m (plot 100 B) , 300 m OOOA) ,
60 0 m (600B) and 900 m (900B) asl. On each
plo t,S m2- quadrats were pos itioned every 10 m
along a 60 m x 60 m grid (49 quadrats per plot) .
Each qu adrat was search ed for one-half man-hour ,
according to standard termit e sampling pro tocols
prop osed by jories and Eggleton and modified by
Roisin and Leponce. At sites 100 B an d 300A, dead
woo d take n down from the cano py with the help
of professiona l climbers was also examined for ter
mite presence. Casual collec ting at all sit es as well
as in the degraded vege tation situated do wnhill
from the camp along the pa th to the coast pro vided
add itional material.

•• • Termite diversity and distribution
Ten species were collec ted , represen ting eigh t gen
era and th ree families (Table 10) .

000 Ter mitidae
Two specie s of Termitidae are common at all eleva
tions.Both belong to the subfamily Nasutitermitinae,
characterized by soldiers possessing a pear-shaped
head with a long fronta l tub e, th rou gh whic h
they can squirt a glu e on intruders (Fig. 156) .
Nasutitermes novarumuebridarum was found both
in the canopy and at grou nd level. Thi s species
bu ilds carton nests made of partly digested woo d.
One su ch nest was found at ground level betw een
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the roots of a big tree at the 300 m site, but this
species is also able to build nests higher in trees as
already observed in Papua New Guinea. Th e small
Diwaitermes uanehirae was lim ited to dead woo d
on the ground, where wo rkers often form ed dense
feeding aggrega tions. Both spec ies are widespread
in the southwest Pacific region .

0 00 Rhinotermitidae
This famil y was represented by a single record of
Prorhinotenn es inopinatLLs. Thi s genus is cha rac
terized by numerous so ldiers wit h lon g, lalcate
mandibles and a defensive frontal gland , whi ch
opens th rou gh a sma ll pore on the upper sid e of the
head capsu le. Prom inotermes spec ies are famous
for their ability to colon ize isla nds , presumably
through colony fragmen ts in drift wood. Subs titu te
reproductives easily differentiate in isolated colony
fragments , while so ldiers and immatu res are ab le to
explore their environme nt to searc h for favourable
sites for co lony development.

000 Kalotermitidae
Known as dr ywood termites , the Kalot ermitidae
form small colonies co nfined to single pieces of
woo d on which th ey feed. Soldiers do not possess
a frontal gland , but defend th eir co lony by block 
ing passages in th e wood with their head , whi ch
is often heavily thi ck en ed and endowed wi th pow
erful, crus hing mandibles (Fig. 15 7). Whe n the ir
home piece of wood approaches exhaus tion , most
of the individ uals will proceed to th e winged,
alate stage and atte mp t to found a new colony in
another sit e. Thi s is the most spec ies -rich family

Figure 156: Soldiers (with pointed head capsule) and workers of Nasutitermes navarumhebridarum. Tunnel made of wood carton
was opened to show walking termites .
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Figure 157 : Scanning electron micr ograph of head of
Cryptotermes albipes soldier. Note plug-shaped head capsule
and short , pow erful mandibles.

on south Pacific Islands. Spec ies identificati on is
however made difficult by intrasp ecific variability,
sin ce so ldie r size an d sha pe may vary not on ly
according to their geneti c cons titu tion, bu t also
with colony age and cond ition . The same two
species, Neotennes sp. (Fi g. 158) and Glyptotennes

sp.B were found at 600 m and 900 m.
Neotermes sp. was casua lly collec ted
at 1 200 m. At lower altitudes , th e
fau na appears more d iversified. Dead
branches or stubs high in trees can
be hom e to whole colonies, all ow
ing thi s famil y to be well represented
in the forest canopy. Procryptotermes
speiseri was especially common in
th e canopy at 300 m.

• • • Conclusions
As is the rul e for southwest Pacific
islands, the termite fauna of San to is
exclusively com posed of wood feed 
ers. Endemism of te rmi tes on Sant o
is probably low. Both Termitidae sp e
cies and Prorhinotermes inopinatus are
widespread in the sou thwes t Pacific
reg ion. Th e geographic dist ribut ion
of th e two Cryptotermes sp ecies is
probably ex tens ive as we ll: C. tropi

calis was described from Quee ns land, Australia,
and C. albipes from th e Loyalt y Islands . Th is
latter sp ecies also occurs in New Guinea (YR,
unpublished). However, th e iden tification of the
othe r Kalot errnitidae is still in prog ress . The lack
of clea r corresponde nce between our collec tions
and pu blish ed species descri pt ions suggest s that
some spec ies might ultimately prove to be new,
and perhaps ende mic.

Figure 158: Part of an incipi ent colony of Neotermes sp., showing the royal pair (reddish brown), a soldier (left, with heavily sclerotized
head and long mandibles), two larvae (top, white) , and large working immatures (right, with pale head and reddish digestive tube).



FOCUS ON BEES AND WASPS
Claire Villemant

Was ps and bees are, together with ants , me mbers
of the Hymen optera order that con tains more than
125 000 named species. Even th e mos t conser va
tive approxima tions on the orde r diversity estimate
between 600000 and 1200000 species. Although
th eir soc ial and pain ful stinging representatives
(an ts, dom est ic bees and social wasps) are per
haps the most familiar of all insects, the other
Hymenoptera are generally overlooked because of
their sm all size or discreet so litary habits. With sp e
cies ran ging from minut e parasitoid wasps develop
ing within eggs of other arthropods to large digger
wasps hu n ting grasshoppers, thi s orde r forms ind is
putably an important compo ne nt of the terrestrial
arthrop od biodiversity of Santo . As plant pollina
tors or arth ropod prey ea ters , bees and wasps are
also essen tial in sus taini ng biodiversity o f othe r
living organisms . While bees play a maj or role in
fertilisation o f flowering plants, wasps are critically
import an t in nat ur al biocontrol as almost every
insect pest has at least one wasp spec ies that lives
on it. However, w hereas "bee s" represe n t a natural
group of social and so litary species developing on a
diet of poll en and nectar, "wasps " includes a large
taxonomic diversit y of insects th at are recognized
as being neither a bee nor an an t. In Santo, wasps
can be globa lly catego rized as true wasps (pape r
and po tte r was ps), sp hecoid wasps (the closest
relatives of bees» sp ider was ps and a large and
diverse group of parasit ic wasps that includes thirty
Hym en optera families. Bees, on th e con trary) are
almos t exclusively represented by so litary species in
Vanua tu , the Single socia l bee pr esent in th e arch i
pelago being th e introduced Europ ean hon eybee.

• •• History of researches on
Vanuatu bees and wasps

Th e firs t Hymenoptera recorded from Vanuatu were
two Sphecoid wasps (Sphex antennatLls and Pison
insulare Fig. 161C) described by Smith between 1856
and 1869 and an endemic lealcutter bee (Megachile
simiIis) described by the same author in 1879. A few
other species of bees ) digger or parasitoid wasps were
recorded later from this archipelago until the arrival
of Evelyn Cheesman, a female ento mo logis t and
explorer associa ted with the British Natural Histo ry
Museum, wh o spent twelve years in naturalist expe 
diti ons thro ughout Pacific Islands. She explored alone
Vanuatu from 1929 to 1931 bu t stayed on ly six weeks
in the so uth of Santo. She brought from her expedi
tion in Vanuatu a number of insect specimens that
remain ed housed in the British Museum. From 1936
to 1948, she published (alone or in collaboration with
R. Perkin s) seve ral papers on Vanua tus Hymenopt era
(mainly ichneumonid parasitoids, digger-wasps and
bees) and described 30 new species or vari eties,
among which seven were collected in San to. Since
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thei r descrip tion , 12 of these new taxa were never
recorded ou tside of this archipelago. Later, new spe 
cies were describ ed by various authors mainly from
the material collected by Cheesman and four of them
were dedicated to this intrepid explorer. Before Santo
2006) we numbered a hundred of species recorded
from Vanuatu (in 40 papers ) but only 18 from Santo
(in 11 papers) .

• •• Bees and wasps sampled during
the Santo 2006 expedition

Th e Hym en opt era mentioned here we re collec ted in
November 2006 mainly in the Pen aoru area . Most
of th em we re caug ht in Malaise traps (14 placed on
th e gro und and four in th e cano py) (Fig . 159) and
yellow pan trap s arranged alo ng the lBISCA sam
pling device ) bu t flyin g insec ts were also cau ght
by sweep nett ing in the vicin ity of the sampling
sites. Before starti ng the Pena oru expedition , a few
othe r specimens were co llec ted by sweep netting
in th e sou th of the island, around Luganville. In
th e Penaoru area, th e most species-rich zone was
located at abo u t 60 0 m a.s. l., in a moist lowland
forest with kaori and tarnan ou trees .

Except for families represe nted by very few species
or those already we ll studied in Vanua tu , most of the
Hymenoptera collected in Santo were identifi ed to the

Figure 159: Two Malaise traps placed in the canopy and on the
ground near the Penaoru camp (plot at 100 m a.s.l.) .
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Table 11 : Hymenoptera current known diversity (ants excluded) in the whole Vanuatu archipelago and in Santo Island.
Families (fam.), subfamilies (subfam.), genera (gen.) and species (spp.) numbers after and before (0) Santo 2006, with number of
still unidentified species (unid.) and tho se already recognized as new to science (new).

VANUATU SANTO Identification Contributors

Superfamil ies ram. subfam. gen. spp. (*) spp, ( ) unid. new

Stephano idea 3 (2) 1(0) CV

Evanoidea 2 2 3 3 (3) 2 (0) 0 0 CV

Ceraphronoidea 6 (0) 6 (0) 6 CV

Dia pridoidea 3 22 (0) 22 (0) 22 CV

Platygastroidea 4 19 27 (8) 19 (I ) 19 J. Norman, L. Musetti

Cynipoidea 6 10 (0) 10 (0) 7 M. Forshage

Chalcidoidea 14 28 64 101 (13) 90 (0) 88 2 G.Delvare

Ichneumonoidea 2 27 72 130(54) 111 (10) 90 CV, J. Dubois (Orthocentrines)

Chrysidoidea 3 8 10 15 (3) 15 (I) 8 2 CV, M. Olmi (Dryinids)

Vespoidea (antsexcepted) 4 7 10 16 (7) IS (2) 3 3 CV, R. Wahis, F. Durand (spider wasps), D. Brothers(fVIutillids)

Apoidea 6 8 14 33 (24) 21( ) 4 2 CV, A. Pauly (bees)

TOTAL 36 89 199 366 (114) 310 (20) 248 11

genus or morph o-species level by different specialists
(Table 11). An ts excluded , sorting the specimens led
to the recognition of at least 310 spec ies in Santo and
thus increased threefold the known Hymenoptera
biodiversity of the Vanuatu archipelago (369 species
as a whole) . Among the 290 species new to the Santa
faun a, at least 11 have by now been recogni zed as
new to Science and four (two spider wasps, one bee,
one dr yinid parasitoid) are already descr ibed . Further
studies will surely greatl y increase this nu mber.

c

Figure 160: Bees. A: Poloeorhyzo moluoe. B: Losioglossum
vonuotu . C: Homolidu s tonnoen sis. D: Austronomio willeyi.
(Photos A. Touret-Alby).

• • • Bees
Bees form a natural group of sp ecies that develop
on a diet of pollen and nectar and genera lly possess
a hairy bod y and specialized brushes used to collect
the poll en . Only three species were collected by
Cheesm an in Santo . Except for Apis mellif era, th e
European honeybee introduced by man all aro und
the wo rld , the other 12 spec ies (one Colle tidae ,
seven Halic tidae and four Megachilidae) record ed
from Santo by Alain Pau ly are solitary bees, of
whic h each female builds its own nest and sup
plies by-its elf its pro geny. Th e coll etid Palaeorhyza
maluae (Fig. 160 A) describ ed by E. Cheesma n
is a small orange bee kn own from Van uatu and
Solomon Islands that exca vates its nest fro m soft
wood . Halictid bees generally dig th eir nest into
th e grou nd; th ey are mainly rep resented by sm all
bees of the genus Homalietus that are easi ly recog
nizable by the ir blue green metalli c colour. This
genus , whose rep resenta tives mi ght hav e been
spread from one island to another by wind, is
h ighly diversified in Aust ralia and Pac ific Islands
and co mprises at least four endemic species in
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Figure 161: Sphecoid wasps. A: Sphex sp. B: Sce/iphron laetum. C: Pison insulare. D: Liris pacificatrix. E: Liris samoensis. (Photo s
A. Touret-Alby) .

Van uatu . Among th em , H. tannaensis (F ig . 160 C )
that nes ts in bamboos was seen gathering pol 
len on a varie ty of [lowers aroun d the Penaoru
village. Two other hal ictids , Austronomia sp . and
Lasioglossum vanuatu (Fig. 160B) were recogn ized
as n ew for scie nce . L vanuatu, h ithert o k nown
on ly in Santa , is by far the most abundant bee
spec ies in the low and middle mountains that bor
de red the Penaoru vi llage. Ano ther Halici tid fro m
New-Guinea , Austronomia willey i (F ig . 160D) , was
a lso co llec ted for th e first time in Vanuatu, T he last
well rep resented bee family is the Megachi lidae
that carry th e pollen o n the ven tral surface of their
abdomen , rather th an on hind legs as in other be es.
Lithurgus scabrosus and ten s pecies or subspecies of
the gen us Megachile are quo ted fro m th e Vanua tu
arch ipe lago . They ar e leafcu tter bees that bui ld
the cells of the ir nests from leave frag ments. Since
th ey generall y nes t in dead wo od, th ese s pec ies are
easily transported across th e sea along trade chan
n els . L scabrosus (s till unreco rded in Santo) is thus
wid espread in Van ua tu and Pa cific Is lands as well
as from Ind ia an d Java to Ne w-Gu inea . T herefore ,
except M. rambutwan k nown fro m Va nua tu and
New Ca ledon ia , th e th ree o ther Megachi/e species
co llec ted in Pen ao ru n eed fu rt her s tudies to deter
mine their geograp h ic origin . As a whole , Santo
2006 expedition led the Vanuatus be e fau n a to
increase from 12 to 20 species .

• •• Sphecoid wasps
Sphecoid wasps (Sphecids and Cr abron ids) bel ong,
as bees , to the Apoidea superfam ily These solitary
hunting wasps feed their progeny wi th various preys ,

ea ch species preying on a particu lar g rou p of art hro 
pods (insects or spiders) . The fema le hun ts to provi
s ion its nest , lays an egg in each cell and seals th e
entrance , leaving its p rogeny de velop on paraly zed
pre ys . Sphec idae are thread- waist ed wasps tha t dig
the ir nes t in to soil (d igger wasps) or build it our o f
mud (mud daubers) . Four species are known fro m
Van ua tu and two were record ed [or the firs t time
in 2006. The large Sphex sp. (Fig. 161 A) is a digger
was p that pr eys on big lea fhoppers . Sceliphron taetum
(Fig. 161B) , a black brown and yellow mud dauber,
builds its cy lindr ical nest cells on the surface of vari
ous subs trat es and provisions them with pa ralyzed
orb-weaving spiders . Each mud cell conta ins one
egg and is provide d wi th sev eral p rey items. In the
vicin ity of the Pen aoru River, where mud nests of
S. taetum were nu merous under sloping rocks, the
cells left by emerged ad ults of the wasp sometim es
shel tered gecko eggs or were reused by a potter
wasp (see below) . S. laetum, the Common Pacifi c
Mud Dauber, occurs also in Australia, New Guinea ,
Ne w Caledonia and various o ther Pacific Islands;
it has also been found in Indonesia. It cou ld hav e
bee n introd uced in Van ua tu through interna tional
trade , as have been se vera l ot he r Sceliphron species
th rough out th e wo rld .

Crabon idae , the second fam ily of spheco id wasps
p resent in San to, in clu d e sma ller h u n ting wasps
(five genera , 11 species know n from Vanua tu ) .
Among th e four species recorde d in th e past from
San ta, only Pison insulare (F ig . 161C) was co l
lected in Penaoru and Lugan ville in 20 06 . This
very common mu d d auber preys on spid ers . As for
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Figure 162: True wasps. A: Parodynerus cheesmani. B: De/ta xanthurum. C: De/ta campaniforme. D: Anterhynchium a/ecto.
E: Po/istes olivaceus . (Photos A. Touret-Alby).

S. laetum, its nest ing behaviou r has favo ure d the
introduction of this species , for merly consid ered
as ende m ic to Vanu atu , into oth er Pacific Islands as
Ha waii and Tahiti. Two s pecimens of anot her undi
den tified Pison were also co llec ted in Penaoru and
Luganvi lle. Th e o ther Crabron id wasps o f San to dig
th eir nest into soil. Liris filled the m with cricke ts;
among the five Lid s species kn own from Vanu atu,
th ree were for th e first tim e caugh t in San to , of
which L paeificatrix et L samoensis (Figs 161D
&: 161E) . Taehysphex sp. is also new to Vanuatu;
thi s unidentified species , collec ted in Pe naoru ,
pr obab ly preys on grasshoppers or cockroaches.
Fina lly, Psen cheesmanae, a pr edator of leafh oppers
endem ic to Santo , was ne ver co llec ted during the
exp ed ition. Thus, five of th e 11 identified Sphecoid
wasps of Santo cou ld still be considered as endemic
to th e Vanuatu arch ipelago whil e two others cou ld
ha ve been spread by man th roughout a grea t pa rt
of th e Pacific region .

• •• True wasps
Tru e wasps of th e Vespidae family include either
social or soli tary spec ies wh ose wings are lolded
longitudinally at res t. All th e soc ia l wasp s share
so me habits: co lon ies are established an nu ally and
completely die after leaving fert ilized qu eens scat
tering around to attempt new colo n ies; it is the ster
ile female work ers that fashion the nest with paper
produced from masti cat ed wood pulp and feed the
brood with insect preys. Th e only soci al was ps livin g
in Vanuatu are Polistinae (pa per wasps ) . Th e soli
tary tru e wasps are potter wasps (Eu meninae) that

bu ilt their nest ou t o f mud and provision them with
ins ect prey. Cu riously, am on g the two Po list inae
an d four Eumeninae already kn own from Vanuatu,
only one had been recorded from th e San to Island .
Potter-wasps co llec ted in Penaoru belon g mainl y to
spec ies endem ic to Vanuatu tPorodynerus cheesmani
Fig. 162A) or Vanuatu , New Caledonia and Loyalty
archipelagos (Parodynems quocli , Delta xanthurum
Fig 162B and Anterhynehium aleeto Fig . 162D )
Giorda n i Soika, who described se veral varieties of
these spec ies in Vanuatu , noted that in eac h species ,
the darker vari eties occur in the south o f th e archi
pelago while th e lighter are present in the north
ern islands. In fact , the varie ties found in San to
are those thi s author describ ed from Malekula ,
o ne of the Vanuat u Islands closest to Santo. Two
oth er species are new to Vanuatu: Delta eampani
forme (Fig. 162 C) , also now adays wid esp read in
Asia, is end emi c to the Pacific while Paehodynerus
nasidens is a neotropi cal sp ecies that was intro
duced in Pacific Islands suc h as Hawaii and Tahiti.
All the potter wasps of Santo prey on caterpillars .
Anterhynehium a/eeto was seen one tim e in Penaoru
reu sing the emp ty cells o f Seeliphro n laetum by pro
vision ing it with pa ra lyzed ca terp illars before laying
a egg and sea ling it.

It is noteworthy that Polistes ouvaceus (F ig. 162E),
a ye llow paper wasp widespread in Santo , as in
th e o ther islan ds of th e arch ipe lago, was never
reco rded from Vanu atu in th e lit er ature. This
in vasive sp ecies however occ ur s in Van ua tu since
at least 1935 as testified by th e specimen s housed
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Figure 163: A Polistes olivoceus worker foragin g in herbs near
the Penaoru camp.

in the MNH N collec tion th a t were co llec ted by
Risbec, a French h ymeno p teris t wh o frequently
visited Vanuatu wh ile working in New Ca ledonia .
Th e yellow paper was p is an ori ental species
which is nowad ays widespread througho u t the
Pacific region . It is not avers e to nesting nea r
or in human hab itation and builds a ro und, flat
nest lacking an envelope, which is usuall y sus 
pended from a solid she ltere d surface or hidden
in dense foli age. The colony frequ ently attains
th e range of 60 wasps and somet im es exceeds
100 . While it tol erat es ac tivi ty nea r th e nest, th e
workers that fiercely a ttack on pr ovocation are
ren owned in San to for th eir quite pai nfu l sting,
In Penaoru, P olivaceus worke rs were observed in
herbs and bu sh es th oroughl y ch ecking for cat er
pillars and other insect s on th e und ersid e of th e
leaves (Fig. 163) . They were also seen from th e
Can opy Glider - the infl at able flying vehicle that
was test ed during the IBISCA pro gr amme- hunt
ing insects in th e cro wn of th e high trees.

• •• Spiders wasps
Pompilidae are lon g legged so litary spec ies that
hunt spide rs to feed their p roge ny. A sing le spider
is used as a ho st for feeding a larva. Th e female uses
its venomous s ting to paralyze the prey and th en
lea ves it in its burrow or d rags it to a place wh ere it
builds a nest. A single egg is laid on th e abdo men of
th e sp ide r, and th e nest or burrow is closed. After
consuming the ho st , the larva spins a s ilk cocoon
and pupa tes to late emerge as an adult.

Desp ite the nu merous Hym enoptera caugh t by E.
Cheesman during her exp edition acro ss Vanu atu ,
and th e d iversi ty of th e spider fauna no Pompilidae
had been reported from thi s arch ipelago sinc e
R. Wahis id entified Anoplills opulentus from

, ,

Figure 164 : Spiders w asps. A : Melanagenia penaoru .
B: Anoplius santo . (Photos A. Touret-Alby) .

specim ens of the MNHN collection th at were co l
lect ed in Vate, Malo and Ambr ym Islands in th e
early 20 th ce n tu ry. A. opulentus was caught in
2006 for the first time in San to, near Luganville,
on a sand y coastal road located in th e vicinity of a
form er US military base. This observation could
confi rm the hypothesis that the species , whi ch is
wides pre ad th ro ughout the Pacific Islands, could
hav e been introduced through army transport dur
ing th e Second Worl d Wa r. Th e two othe r ende mic
pompilid co llec ted in Pena oru , tvlelanagcnia
pcnaoll.t and Anoplius santa (Figs 164A & 1MB)
were des cribed in 2009. As quoted by R. Wah is,
the new genus tvlelanagenia is represented in New
Caledonia (one species) but mo stl y in New Guin ea
(more than 20 new species) . The two new species
wer e on ly collected between 600 and 900 m a.s.!. ,
in p rim ary forests o f low and middle mountains
of th e Penaoru region. Anoplius santo was seen
in clearings, standing on the sunny leaves of low
branch es , and females wer e observed landing on
puddles of wat er, where th ey move by propelling
with th eir win gs as do other spec ies of Anoplius.

• •• Parasitoid wasps
The parasitoid wasps lay th eir eggs in or on vari ou s
insects, each spec ies bein g generally associated to a
particu lar group of hosts. Parasitoid lar vae develop
by consuming th eir hosts, invariably kill ing them
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at least at the end of th eir development. In spec ies
(Cu ckoo wasps , Dryinid and Bethylid was ps, Velvet
an ts and Scoliid was ps) belon ging to Aculeata as
bees , hunting and true wasps, th e females have a
sting with which they paralyse th e hos t before lay
ing a egg on its skin . In the othe rs spec ies (forme rly
nam ed Parasiti ca), the females possess a lon ger or
sho rter ovipositor to lay eggs on to or more gener
ally ins ide the bod y of their host. Parasit oid species
have an eno rmo us impact on ecosystems in sustain
ing their natural equilibr ium, notably by keeping
insec t pest populati on s below ou tbrea k levels. They
represe nt in Santo 97 % of th e Hym en op tera fauna .

••• Aculeata parasitoid wa sp s
Few Aculeates parasitoi d wasps are known from
Vanuatu. Among them, Vespoid wasps are represented
by one species of Velvet ants (Mutillidae), which was
recorded for the first time in 2006, and four species of
Scoliid wasps (Scoliidae) of which only one was known
in Vanuatu before Santa 2006 . Specimens of three fam
ilies of Chrysidoid wasps (Dryinidae, Chrysididae and
Bethylidae) were also collected in 2006. Among them,
three species of Dryinids had been already reported
from Vanuatu and only one from Santo .

• Scoliid wasps
The few species collected in Penaoru (o ne
Campsomeris and two Scolia) are still un identi
fied. No ScoIia species had been reported ye t from
Vanuatu and the Campsomeris sp. (Figs 165A &:
165B) collected in Santo differs from C. novocale
donica, a New Caledonian spec ies whose presence
in Vanuatu was quoted in th e li terature but needs
to be corroborated. Scoliid wasps are black insects,
often marked with yellow or orange, that parasite
below ground beetl e larvae. The fema le was p bur
rows the soi l in sea rch for a grub that it paralyzes
by s tinging before layin g an egg on its sk in . The
was p larva remains in th e moti onl ess hos t's burrow
and feeds unti l killing it before pu pati ng . Scoliid
wasps are , th erefore, very important natu ral age nts
in th e co ntro l of gru bs .

• Velve t an ts
Mutill idae are sma ll to medium-sized was ps whose
ad ults are ge ne rally heavily sclero tised and densely
hai ry. Males are fully wi nged while fem ales are
wi ngless and superficia lly resemble an ts , hen ce
th e co mmo n nam e o f th e family. They search
on th e gro und or tree trunks for nests of th e
bees , tru e or digger wasps, in which th eir larvae
develop as ecto pa rasi to ids fixed on th e hos t lar
vae . The numerous males specimens collec ted in
2006 in low and middle mo un tain forests of the
Pen aoru region were s tu died by Denis Brothers.
They belong to Ephutomorpha (Fig . 165C), a genus
including abou t 200 sp ecies in Australia but con
sidered as a complex of seve ral undescribed gen
era. Ephutomorpha sp . of San to is a black blue
metallic species with two rows of white airs on the

Figure 165: Aculeata parasitoid wasps. A: Campsomeris sp.
female. B: Campsomeris sp. male. C: Ephutomorpha sp. male.
0 : Gonatopus primitivus female . (Photos A. Touret-Alby).

abdome n and wi ngs da rken ed a t apex . As D.
Broth ers said, it is pro ba bly new for science.

• Dryinid wasps
Th e Dryi nidae are highly specialized ectopa ras i
toid s of plant- and leafhoppers (Hemiptera). Males
are usua lly fully wi nge d wh ile femal es are ofte n
wingless an d close ly resemble ants . Females gener
ally possess mo dified clawed front legs with wh ich
they hold th eir hos ts to temporarily paralyze them
before injecting an egg in their body. The lar va
spends its early s tages as endoparasitoid, but lat er
it pro tru des from the host's abdomen and continues
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to feed on it, protected by a sac-like "case" made
from previous larval skins (left after moulting).
Of the six Dryinid species (four genera) recorded
from Vanuatu, only half were known before Santo
2006. Five of these species have been identified by
Maximo Olmi from the material collected in the
Penaoru region; among them, two: Anteon moli
sae (new for Science) and Gonatopus primitivus
(Fig. 165D) are to date endemic to this archi
pelago, while the others have a wider distribution
including New Guinea, Queensland, and various
Pacific Islands. Their hosts are unknown except for
Taumatodryinus hoebelei that parasitizes planthop
pers of the genus Siphanta (Flaridae) in Australia.

• Cuckoo wasps
Chrysididae are often brilliant hymenoptera with
metallic blue, green, or reddish colours, hence their
Latin name. They are commonly named Cuckoo wasps
because a number of them develop as cleptoparasites
feeding on the food stored by their hosts for their
own progeny (pollen for bees, insects for wasp hosts).
Other Chrysidid species however are true parasitoids
developing by feeding on various insects hosts. The
only Chrysidid collected in 2006 in Santo was the first
recorded from Vanuatu. New to Science, it belongs to
the subfamily Amiseginae and the genus Kryptosega
that was hitherto only known from two species col
lected in New Guinea. Amiseginae are small cryptic
wasps found in low vegetation and leaflitter that para
sitize eggs of stick insects (Phasmatidae).

• Bethylid wasps
Bethylidae are small and often dark coloured wasps
that have an elongate flat head. The females of
many species are wingless and ant-like. They para
sitize mainly Lepidoptera and Coleoptera larvae
that usually live in cryptic niches, such as within
rolled leaves, under bark, into rotten wood, in the
ground or leaf litter. The habits of the family are very
diverse, but in most cases the female drags the prey
larva to a sheltered location and lays several eggs
on its skin. Its larvae feed as external parasitoids
and, at the end of their development, spin a silken
cocoon on or near the killed host. At least eight dif
ferent species of Bethylids were caught with Malaise
traps in the Penaoru region. Several others have
undoubtedly been collected with the other sampling
devices utilized during the expedition (Berlese traps,
Winkler traps ... ), but these specimens have still to
be sorted and identified by a specialist.

••• Parasitica parasitoid wasps
Wasps of the Parasitica group are in Vanuatu much
more numerous and diverse than Aculeata parasi
toids, as is the case all over the world. More than
254 Parasitica species were already numbered in
Santo, although several groups need further inves
tigations before one may have a more clear-cut idea
of their diversity. Among them, two superfamilies
represented the major diversity of the group with at
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least 101 Chalcidoidea and 130 Ichneumomoidea
species (56 Ichneumonidae and 74 Braconidae)
to date recorded from Vanuatu, thus almost tri
pling the diversity of these taxa for the whole
archipelago. The knowledge acquired on Santo's
Parasitica fauna is even more significant since only
a dozen species of these insects had previously
been reported from this only one island.

• Ichneumonid wasps
Ichneumonidae in Santo range from very small
(3 mm) to large (25 mm) wasps. Before 2006, only
fivespecies (five genera, three subfamilies) had been
recorded from Santo. Most of them were reported
by E. Cheesman in the 1930s. The inventory made
in Penaoru identified 36 species (26 genera, 12 sub
families) among which 30 were new to Santo. With
the two Ophion wasps quoted by E. Cheesman
but not recovered in 2006, 38 icheumonids are
now known from this island. Species parasitizing
Lepidoptera larvae and pupae are largely the most
abundant and diverse are their hosts. They belong
to the subfamilies Campopleginae (eight spp.),
Ophioninae (seven spp.), Pimplinae (five spp.),
Ichneumoninae (three spp.), Cryptinae (three spp.,
among which Necolio sp., Fig. 166A), Tryphoninae
(two spp.), Anomaloninae (two spp.), Labeninae
(Certonotusmogimbensis)and Metopiinae (Hypsicera
sp.). Among Campopleginae (five genera), the
genus Eriborus (four spp. in Santo) was previously
known from Vanuatu, but not yet from Santo, by
only one species: E. iavilai (Fig. 166B). Within
Ophioninae, the genus Enicospilus (four spp. in
Penaoru) is the most commonly collected by sweep
netting throughout the archipelago, where 12 spe
cies as a whole have been reported. Two other
Ophionin genera are present in Santo, Leptophion
and Xylophion, the last one being new to Vanuatu.
Ophion waps, which are yellow brown short-tailed
ichneumons with a long compressed abdomen and
large ocelli, are also routinely attracted to light,
as Netelia (Fig. 166C) and Toxochiloides species
(Tryphoninae) that are frequently confused with
Ophion wasps. All these large wasps hunt in bushes
for their host caterpillar. Females lay one egg inside
(Ophions) or onto (Netelia) the host which only
dies during pupal stage while wasp larva remains
to pupate itself.

Pimpline wasps of Santo are mainly represented by
stout brown orange (Echthromorpha (Fig. 166D); two
spp.) or smaller yellow (Xanthopimpla; two spp.)
insects, with a rather long ovipositor and a black
spotted abdomen. Females generally lay their eggs in
Lepidoptera pupae often hidden in a plant gallery or
a silken cocoon. Finally, the most common species
in Santo is the Banded Caterpillar Parasite Wasp,
Ichneumonpromissorius (Fig. 166E) (Ichneumoninae),
a white spotted black and red Ichneumon considered
as native to Australia while recorded throughout the
south Pacific region. It mainly attacks Noctuid moths,
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Figure 166: Parasitica parasitoid wasps. Ichneumonidae. A: Neco/io sp. B: Eriborus iovi/oi. C: Nete/io somoono. D: Echthromorpho
ogrestorio jundo. E: Ichneumon promissorius. Braconidae. F: Austroze/e sp. G: Phonerotomo novohebridensis. (Photos A. Touret-Alby).

many of which are wid esp read agric u ltur al pests. The
Ichneumon female searches the soil sur face for host
pupation sites and burrows into the pu pal gallery to
oviposit into the host pupa.

Three other Ichneumonid fam ilie s col lec ted in
Santo com prise species oft en overlo oked because
of their small siz e and discr et e brown co lo urs . As
C ryp tinae and Metopiinae , th ey we re reported for
th e first time from Vanua tu . Orthocentrinae ( th ree
gen era , five species) are parasitoid of Diptera larvae
leaving in deca ying veget ation wh ile Ter s ilochinae
(Diaparsis sp .) parasitize sma ll p hy top hago us
Cole op tera larvae, and Me sochorinae (Mesochoru s
sp .) are generally hyperparasito id th at develop
on Hymenopteran larvae parasitizing caterp illars .
Am ong the Vanuatu's identified Ichneumonids ,
16 sp ecies or subspecies can to dat e be consid 
ere d as ende m ic to this archip elago wh ile 15 have
a wider Pacific distribution th at in clude mainly
Qu een sl and , N ew Caledon ia , New Gu ine a or
Solo mon Is lands , and five o the rs were reco vered
until Indonesia or India.

• Braco nid was ps
Braconidae a re ge nera lly smaller insects th an
Ichneumonid ae . Before San to 2006 , Pnan erotoma
novaehcbridensis (C helo nin ae) (F ig . 166G ) and
Utetes cheesmanae (O piinae) we re the on ly two spe
cies recorded w ith ce rta in ty from Santo , w he reas 16
o the r spe cies ha ve been quot ed in Vanuatu mainly
from th e mate rial brought to th e British Mu seu m
par E. Cheesma n . Th e specim ens collec ted in 2006
had n ot ye t been studi ed by a specialist , but a t
leas t 74 spe cies (abo u t 40 genera, 15 subfami
lies ) thus considerab ly increasing the diversity of
the Vanuatu 's Braconid fauna. In Santo, about fif
teen species (three subfam ilies ) ar c parasitoids o f
Coleoptera larvae , m ainly belong. . " to Doryctinae
(12 spp. ) th at a ttack s tem -boring beetles . Th e
parasitoids o f Dipter a lar vae an d pupae (Alys iinae ,
12 spp .; Op iin ae, five spp .) show th e same s pecies
di versity but ar e much more abu ndant , as are their
ho sts which mostly d evelop in leaflitter . Other spe
cies (th ree Braconinae, four Euphorinae ) poorly
represented in Penaoru may parasitize var io us
hosts , wh ile Aph idi in ae (on ly one sp. recorded )



parasinze Aphids. Finally, as in Ichneumonids,
the most diverse and numerous Braconidae are
parasitoids of Lepidoptera larvae en spp., seven
subfamilies), among which Microgastrinae (13
species) and even more Cheloninae (five spp.) are
dominant by their population density. The most
common Braconid in the Penaoru region is the
entirely orange P novaehebruiensts, an endemic
species that has been recorded from the major
part of the archipelago while tens Austrozle sp.
(Macrocentrinae) (Fig. 166F) have bee recorded
in a unique sample. Actually, very little is known
about the geographic distribution of Vanuatu's
Braconids. In the present state of our knowledge,
half of the 18 identified species are endemic while
the other are much largely distributed around
Pacific countries, some of them reaching Indonesia
and Indochina. The most widespread are Apanteles
briareus (Microgastrinae), an enemy of the
Macadamia Nutborer Cryptophlebia ombrodelta
(Tortricidae) that damages macadamia and litchi
orchards, and Ontsira palliata (Doryctinae) that
develops on coffee trees' boring-beetle larvae.
However, the presence of these two species in
San to needs to be confirmed by an identification
of the San to's material to a specific level.

• Chalcidoid wasps
The Chalcidoidea superfamily, probably includes
several hundreds of thousands species around the
world, although less than one tenth is described.
Largely ignored because of their small to minute size,
Chalcidoid parasitoids exhibit amazingly diverse life
histories and profoundly influence all types of ecosys
tems, from rainforests to agriculture. Many species are
natural enemies of insect pests that are used instead
of pesticides to control them. Before Santo 2006, only
13 species (six Eulophidae, two Eucharitidae, one
Agaonidae, one Eupelmidae, one Leucospidae, one
Ormyridae, one Trichogrammatidae) where recorded
by various authors from Vanuatu, whereas none was
quoted in the literature from the Santo Island. Most
were native or introduced parasitoids that proba
bly occurred in cultivated area of Santo with their
hosts, i.e. the palmivorous beetle Promecotheca opac
icollis (Chrysomelidae) or various leaf-miner Dies
(Agromyzidae) and fruit-Dies (Tephritidae). The
chalcidoids collected with Malaise traps in Penaoru
were identified by Gerard Delvare who recognized at
least 90 species in 14 families, among which seven
(Aphelinidae, Encyrtidae, Eurytomidae, Mymaridae,
Perilampidae, Pteromalidae and Torymidae) are new
to Vanuatu. At least two species, Cirrospiloidelleus
sp. (an Australian Eulophinae genus hitherto known
by a single species) and Neocalosoter sp. (a tropical
Pteromalidae genus), could probably be considered
as new, although a thorough study of the material
collected in Penaoru would undoubtedly increase
the list of San to's species new to Science. This
author recognized fifty genera, of which 15 % have
a Pacific distribution while most of the others are
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cosmopolitan. The most diverse subfamilies are
Eulophidae (16 gen., 24 spp.) and Pteromalidae (12
gen., 12 spp.) that parasitize a wide range of hosts,
and Encyrtidae (14 gen., 20 sp.) that are mainly
parasitoid of scale insects.
Fig wasps (Agaonidae) are another well represented
chalcidoid family whose species are always associated
with figs; 11 species (four subfarn.) have been already
collected in Penaoru. Many fig wasps (Agaoninae)
act as pollinators of various Fiws spp., whereas the
others are probably parasitoids of the fig-pollinators
or gall-formers in other parts of the fig. Female of
pollinating wasp that carries pollen from another fig
enters the fig via its narrow ostiole. Within the n.g, the
reproductive Dowers are pollinated while the female
lays eggs in the sterile Dowers where its larvae will
develop and pupate. Wingless male offspring emerge
first and mate with the females inside the fig before
boring in the fig wall a hole that allows females to
escape. Figs and their associated species of pollina
tors are totally dependent on one another, since fig
Dowers can be pollinated only by the appropriate
species of wasp, and no wasp can produce progeny
outside the appropriate fig. In a given region, the
diversity of the pollinating wasps and their associated
species is thus depending on the fig-tree diversity.

Another peculiar lifestyle is that of the Eucharitidae
which parasitize mature ants larvae or pupae. Eggs are
laid in large numbers on plant parts and the young
larva either waits on the leaf or falls to the ground
(depending on species) awaiting a passing ant. Once
attached to an ant, the larva is taken back to the nest
where it attaches to any available ant larva. Further
development does not usually occur until the host
has reached the pupal stage. Wasp pupation takes
place inside the host cocoon or naked inside the ants'
nest. Emerging adults leave the nest to reproduce out
side. Metallic purple Eucharitid adults were commonly
observed in the vicinity of the Penaoru camp while
standing on leaves of undergrowth plants (Fig. 167).
They belong to the genus Chalcura that had not yet
been identified in Vanuatu. Another Eucharitid species
caught in Malaise trap belong to the genus Orasema
from which one species, 0. hoghisiana was described
from New Caledonia and Vanuatu,
Finally, adults of Podagrion sp. (Torymidae) were
obtained from a mantis ootheca.

Figure 167: A male of Chalcura sp. (Eucharitidae) on a
herbaceous plant near the Penaoru camp.



Terrestrial Fauna

• Cynipoid wasps
This superfamily is represented in Vanuatu only
by Eucoilinae (Figitidae), minute, black brown
shining wasps that are mostly parasites of small
fly pupae (Diptera). No Eucoilin wasps had been
recorded from Vanuatu before Santo 2006. The
specimens collected in Malaise traps were identified
by Mattias Forshage who recognized at least 10 spe
cies in seven genera. Two genera (Diglyphosema and
Rhoptromeris) are new to Pacific Islands and three
others (Leptopilina, Hexacola, Ganaspis) are cos
mopolitan. Another genus, Maacynips, occurs only
in Australia and the West Pacific Islands; its hosts
are yet unknown. Maacynips sp. from Penaoru, is
close to a Papuan species and new to Science. As in
Australian fauna, two widespread genera dominate:
Hexacola (two spp.) that attacks various fly larvae
(i.e. Chloropidae, Drosophilidae ... ) and Leptopilina
(four spp.) that are parasitoid of Drosophilidae. The
most common species in Penaoru are Leptopilina
boulardi and L. heterotoma, the natural enemies of
Drosophila flies that are, as their hosts, widespread
throughout the world.

• Platygastroid wasps
Platygastroids are minute brown or black shining
wasps, with elbowed antennae, that are fairly com
mon all around the world. They include thousands
of species representing two distinct morphological
groups which were recently gathered into a single
family, Platygastridae. Most of the world records on
Platygastrids are available on the Hymenoptera Online
Database developed by NormanJohnson and Luciana
Musetti, who identified the genera collected in 2006.
Before, 14 genera and four species were known from
Vanuatu, including three Trissolcus species and Scelio
flavicomis that are spread in the Pacific region (but
unknown in Santo), Paratelenomus matinalis, the
only endemic species hitherto recorded from Santo,
and the endemic Fusicomiadissita, recently described
from Tanna. Santo 2006 led to the recognition of
19 platygastrid genera (in four subfamilies), among
which 13 are new to Vanuatu. Platygastrinae and
among them Leptacis, the most common Platygastrid
genus in Santo, parasitize gall midges eggs, while
Scelioninae and Telenominae attack eggs of very
diverse groups of insects. For example, Scelio and
at least five other genera develop in grasshopper
and cricket's oothecae, while Trissolcus attack bugs,
Telenomus moths and Idris spiders. However, the
hosts of many other species (notably in Teleasinae)
are still unknown. Most of the Platygastrid genera
recorded from Santo and Vanuatu have a tropical
distribution and are largely represented in Australia,
New Caledonia and New Guinea. Few are quoted in
other Pacific Islands but their fauna is still too poorly
known to draw any conclusion.

• Ceraphronoid wasps
They include Ceraphronidae and Megaspilidae, two
small families of minute wasps that are commonly

found although few in numbers during insect col
lecting, notably in ground and leaflitter samples.
The distribution data of Ceraphronoids already
recorded on the Hymenoptera Online Database are
largely incomplete. Not much is known of their
biology, although some species are parasitoids of
the larvae of beetles, flies, bugs, or other hosts,
while others are hyperparasitoids developing on
insects parasitizing various arthropods. Nothing
was known on Vanuatu's Ceraphronoid fauna
before Santo 2006 and very few is known from
other Pacific Islands. Only five Ceraphronid spe
cies and one Megaspilid were collected in Santo in
Malaise traps; however their number will certainly
increase after sorting the material caught with
other sampling devices.

• Diaprioid wasps
They include a single family of wasps (Diapriidae)
found nearly everywhere in the world, although
rarely observed due to their minute size. Most
of them parasitize larvae and pupae of fly larvae,
while few others attack beetles, ants or parasi
toid wasps. Diapriids show considerable diversity
of form with aptery (lack of wings) being fairly
common, sometimes in both sexes. Many species
exhibit a noticeable sexual dimorphism with males
and females often mistaken for separate species.
As far as we know, Diapriidae had never been
recorded from Vanuatu in the litterature. In Santo,
22 morphospecies were recognized from Malaise
trap samples collected in Penaoru in 2006. The
largely dominant genus Aclysta (two spp.) parasit
ize fungus gnat flies (Mycetophilidae) larvae that
feed on decayed leaves and fungi. Further studies
are needed to identify the other diapriid species at
least at the genus level. Other species will be cer
tainly obtained by sorting the material caught in
Santo with other traps.

• Evanoid wasps
Evanoids include in Vanuatu two families of medium
sized wasps: Gasteruptiidae that parasitize the lar
vae of solitary bees'nests and Evaniidae that are
natural enemies of cockroaches (egg parasitoids).

The only Gasteruptid species known from Vanuatu,
Pseudofoenus ritae, was described by E. Cheesman from
Malekula and Tanna. Alsoknown from New Caledonia,
it is still unrecorded in Santo. The genus Pseudofoenus
is mainly distributed in the South Pacific region with a
majority of species endemic to a single country.

The Evaniids or Ensign Wasps have a very distinc
tive body shape since no other Hymenoptera have a
so small and laterally compressed gaster attached so
high on the thorax, giving the appearance of a small
hand flag, hence their common name. Female wasps
oviposit into the concealed egg cases (ootheca) of
the cockroach; their larvae feed on the eggs and
pupate inside the ootheca. The two widespread spe-
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Figure 168: A: Szepligetella sericea female (Evaniidae). B: Foenatopus sp. female (Stephanidae). (Photos A. Touret-Alby).

cies of Evaniidae known throughout Vanuatu were
recorded for the first time by E. Cheesman in the
1930s. Evania appendigaster is a black stout species
that has achieved an essentially worldwide distribu
tion in warm and temperate climates, having been
introduced along with various cockroach species
(Blatta and Periplaneta spp.) associated with man.
Szepligetella sericea (Fig 168A), the Lesser Ensign
Wasp, was widespread from Australia, through
out Pacific Island and Southern Asia. It parasitizes
cockroaches of the genus Periplaneta.

• Stephanoid wasps
They include a single family, Stephanidae, primarily
tropical and subtropical in distribution. They have a
slender and oddly elongated body with a subspheri
cal head, set out on a long neck, and highly modi
fied hind legs. Females bear a long ovipositor they
insert in the wood to lay an egg on wood-boring
beetle larvae. Stephanids are not easily spotted in
their natural habitat, and are rarely collected by
most of the usual sample devices. The single speci
men collected by sweep netting in San to was seen
flying around the Penaoru camp. It belongs to the
genus Foenatopus (Fig. 168B) as the two species
already quoted in Vanuatu but seems to be different.
None of these species was previously recorded from
San to. The endemic F unistriatus was described by
Cheesman from Malekula while F salomonis, from
Salomon Islands, seems to have been erroneously
reported from Vanuatu by its descriptor.

• • • The affinities of Santo's
Hymenoptera fauna

One of the objectives of the San to 2006 expedi
tion was to investigate the origin of the San to's
fauna by comparison with that of the surrounding
regions. As 80 % of the Hymenoptera species col
lected mainly in Penaoru were hitherto identified
only to genus or morphospecies level, it is difficult
to have a faithful view of the geographic distribu
tion of this fauna. However, in the best investigated
taxa (bees and predatory wasps, ichneumonids)
representing almost 25 % of the species already
recorded in Vanuatu (ants excepted), about 47%
are represented by species or subspecies endemic
to this archipelago, while a majority of the remain
ing species is reported from other parts of the
Pacific region. The most significant similarities

occur inside Vanuatu with Malekula, and outside
with New Caledonia and Salomon-New Guinea.
Relationships with the other Pacific Islands are
difficult to assess until more detailed surveys lead
to a better knowledge of their Hymenoptera fauna.
Finally, about 3 % of the identified species are
exotic species generally introduced involuntarily
through maritime trade or willingly for biological
control. With increasing tourism and trade, acci
dental introductions of additional species can be
expected in the future .

• •• Further studies
The hymenoptera diversity of Santo assessed here
remained largely underestimated knowing that many
other samples have still not been sorted yet, notably
those including soil and litter fauna. Beside ants, these
samples will provide a large amount of other species
mainly belonging to microhymenopteran parasitoids.
A great part of these samples has been collected in
Penaoru by the "Forest, mountain and river" team
although others have been gathered by the scientists
involved in the "Karst" team or the "Wasteland and
aliens" team. Nevertheless, new surveys in other parts
of the Santa Island and during other seasons are needed
to get a better overview of its Hymenoptera fauna.

Only few of Santos species have been already described
as new. However, taking into account the huge diver
sity of Hymenoptera, it is difficult to assess in many
case which species is new to Science without compar
ing it with material of the Pacific, Australian (mainly
Queensland) and Indo-Papuan fauna. The possible
introduction of species through maritime transport
compels to search also for at larger geographic scale.
Such investigations would thus imply for a long period
a number of taxonomists that should examine a wide
range of material housed in numerous museums and
perform various taxonomic revisions.

Nevertheless, the increased knowledge of Vanuatu
Hymenoptera biodiversity attained by the Santa 2006
expedition is actually significant, making of Santa one
of the best known islands of the Pacific for its entire
Hymenoptera fauna. Moreover, this survey has not
only highlighted the diversity of this incredibly diverse
order but also given a better idea of the diversity of
other arthropod orders which serve as prey and hosts
to predatory and parasitoid wasps.
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MYRMECOPHILY IN SANTO:
A CANOPY ANT-PLANT AND ITS EXPECTED AND LESS EXPECTED INHABITANTS

Bruno Corbara

A few ant spec ies are known to live in close asso
cia tion wit h particu lar plants tha t have th erefore
been named ant -plant s or "myrmecophytes" (from
the Greek words my rmecos for an t an d phyt os for
plant ) . An t-plants are widesp read in th e tropics
where they belon g to very diverse families . Th ey
develop hollow stru ctures (such as leaf pou ch es ,
hollow trunks, sp ines or cavernou s tubers) that
shelter ant s , and are often call ed "dornatia" (from
domus, the Lati n wo rd for house) . In Sou theas t
Asia , th e Pa cifi c Isl ands and northeas tern
Australia , the Rub iaceae fam ily comprises so me
unusual epiphytic myrmecophy tes belonging to
five genera: MyrmecodiCl Jack , Hydnophytum Jack ,

7 . The hypocotyl is Myrmedoma Becc., Mynnephytwl1 Becc .
the part of a plant and Souameliaria Becc. Th e ants live
embryo or seedling in large chambers in th ese ep iphytes
that is found between
the radicle and the that develop in tub ers derived from the
cotyledons. hypocotyls ' .

Nesting s ites are quite rar e in ar bo rea l env iro n
ments and ma y be co nsi dere d a lim iting factor
for m an y species. By living in sid e of the holl ow
tuber s of epiphytic Rubiaceae, an ts have fou nd
an original solution to this widespread ecologi 
ca l proble m .

Plan t-ants are often known to protect their hos t
from herbivores. In the case of the myrmecophytic
Rubiaceae, pr evious studies conduc ted in Papua
Ne w Gui nea indicate that ants provid e no pro tec
tion from ph ytophageous insects; however, accord
ing to the same s tud ies, ants are considered to
ben efit the epiphytic plants for th ey pro vide th em
with nutrien ts , especia lly nit rogen , by means of
fecal mat eri al and debris whi ch are brought into
the cha mbers.

Ant societies are we ll known to tolerate many
"squatter s" or myr rnecophil es (i.e. "spec ies who
like ants") living in close ass ociation with th em .
Moreover, rega rd less o f th e presence o f ants , man y
sp ecies may be attrac ted to th e hollow structures
of th e Ru biaceae in order to us e th em as sh elt er or
a nest site. Ind eed , previous studies ha ve show n
that inve rte bra tes (insec ts or othe r arthropods )
as we ll as verte b ra tes (amphibians o r reptil es )
live ins ide of th e chambers of Myrmecodia and
Hyclnophytum tub ers .

••• A myrmecophytic Rubiaceae in Santo
The first writt en me ntio n of a myrrnecophyt ic
Rubiaceae on San to appears , as far as I know, in th e
report of the 1997 Tsukuba Botanical Garden (TBG)
Exp edition . Tatsu o Koni shi from th e TBG and his
co lleag ues rep ort havin g collec ted Hydn ophytum

s p. "between 2nd Camp and Ml. VutimenCl, on the
steep slope of Cl montane forest, 700 m. all."; accord
ing to th eir itinerary described in th e Annals of th e
TBG, th e 2n d camp was situa ted at 500 m a.s.l. on
the south ridge o f Mt. Vu time na (1 446 m a.s.l.) .
To the best of my knowledge, this is the o nly spe 
cies of myrmecophyte reported on the island .

Duri ng the lBISC A-Sant o project, part of the Santo
2006 Globa l Biodi versi ty Survey, a gro up o f par
ticip an ts co nduc ted a det ail ed invent or y of the
vege tat ion and of th e art hropod fau na along an alt i
tudinal grad ient in the Penaoru area . The different
study sites from the base cam p (100 m a.s.l.) to the
600 m, 900 m and 1 200 m a-5 .1. we re attain abl e
by mean s of a trail that had been opened by our
local gui des, an d that was us ed daily. The guides,
who were interviewed about the local flora and
faun a, con firmed -based on our descrip tion
th e presen ce o f a my rmec ophy tic Rubiaceae on
high branches in the area . We th erefore asked them
to loo k for these plants on each side of thi s pa th ,
and to mar k the hos t trees. Thereafter, the myrrn e
co ph ytes were coll ec ted in situ wi th the help of
pro fession al clim bers and op en ed up in place or at
the base camp in orde r to iden tify th e ants in ha bit
ing th eir hollow tubers .

•• • Ants and other animals dwelling
inside of Hydnophytum tubers

In total , we co llected 65 myrrn ecophytes , be tween
550 m an d 950 m a.s .l., on 11 different trees
th at grew inside o f a well-preserved kauri-ta
manu forest (Agathis-Calophyllum for est ). Man y
trees bearing Hydnophytum epiphytes we re not
climbed , and for eac h tree ins pec ted th e climbe r
o n ly co llec ted a small proportion of th em. These
mynnecophytes may therefor e be consid ered as
very co m mon in th e area .

Those we co llec ted were locat ed a t a mea n height
of 16 .5 m (+/- 4.5 m) from th e grou nd. For a non
specialis t, they seemed to belon g to the same species;
th e sp ecimens sampled for bota nical collec tion
were iden tified as Hydn opnytum cf. longistylum.
Th e 65 myrmeco ph ytes she lte red 12 different
species of ants (Figs 169 &: 170). Unsurpr isingly,
th e mo s t commo n species, whose colonies inh ab
it ed the hollow tube rs, belonged to th e gen us
Iridomyrme.x (su bfam ily: Do lichoderinae) , and is
probably L cordatus. Indeed , th is an t is th e regu lar
oc cupant of Hy dnophytum and Myrmecodia cha m
bers in Borneo , J ava, the Moluccas, the Bismarck
Archi pelago , New Gu in ea, the Solom on Islands
and northern Queensland . We found Iridomy rmex
co lo nies in 27 Hydn ophywm ou t o f 65 ; i.e . in 4 2 %
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Figure 169 : Ants inhabiting Hydnophytum d . longistylum tubers from the Penaoru area. 1A: Iridomyrmex sp.,worker. 1B: Iridom yrmex
sp., alate gyne. 2: Tetramorium sp., worker. 3A: Pheidole sp., minor worker. 3B: Pheidole sp., major worker. 3C: Pheidole sp., alate
gyne. 4A: Polyrhachis sp., worker. 4B: Polyrhachis sp., alate gyne. 5: Cremat ogaster sp., wo rker. 6A: Amblyopone sp., w orker. 6B:
Amblyopone sp., alate gyne. 7: Cerapachys sp., wo rker. (Photos B. Calmant) .
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Figure 170: Ants inhabiting Hydnophytum d./ongisty/um tubers from th e Penaoru area. 8: Paratrechina sp., worker. 9A: Strumigenys
sp.1., worker. 9B : Strumigenys sp.l ., alate gyne. 10: Camponotus sp., worker. 11: Strumigenys sp.2., worker. 12: Turneria sp., worker.
(Photos B. Calmon t) .

of them . How ever , Iridomy n nex was no t at all the
only plan t-an t living in the Hydnophytum , whi ch
contras ts with data gath ered from other locations
and for o the r myrm ecophytic Rubia ceae. Th e
tu bers co mmonly she lte red two other spec ies o f
Myrm ecin ae, Tetramorillm sp . (2 2 cas es; 34 %)
and Pheidole sp . (17 cases ; 26 %) , and, less com
monly, six o the rs: Polyrhachis sp . (Formicinae) .
Crematogaster sp. (Myrm ecinae) , Amblyopone sp.
(Amblyo po ninae ) (in seven, four and three cases,
resp ecti vely) , Cerapachy s sp . (Cerapachinae) ,
Paratrechina sp . (Formiciuae) and Strwnigeny s
sp . I (Myrm ecin ae) (in tw o cas es fo r eac h) .
Moreover, th ree species were fou nd only once:
Camponotus sp. (Porrnic inae) , Stn lmigenys sp.2
(Myrme cinae ) and Turneria sp . (Dolic hoderinae ) .
Different co lonies of di fferen t spec ies (a maxi
mum of three) of ants could inhabit the same
Hydno phy tum. Only very yo ung Hydn ophy tum
tubers were de void of any ants (si x case s).

Th e outer app earance of the Hydnophy tunl leaves
in Penaor u did not support the hypoth esis that the
ants protect the plant. Th ose inhabi ting the tuber
were not aggressive; very few were patrolling on the
sur face of the tub er or a fort iori the leaves (a t least
during the day); in most cases , it was necessary

to op en the tuber in orde r to confirm the presence
0[' an ts. Moreover, the level of herbivory on the
leaves was generally very high.

As has been noted in other location s for other
myrm ecoph ytic Rubi aceae, the hollow tubers of
Hydnophy tum cf. longisty !ttm shelter other ani mals,
invertebrates as well as vert ebrates. Th ese inverte 
bra tes include other insects such as Derrnapt era,
Blattodea , Ort hop ter a (most notably, the large
katidid cricke t (Tettigon iidae) Solomona redtenbach
eri (Fig. 171) , as well as spide r eggs and Mollusca
(Aneita sp. slugs, Ath oracophoridae).

Interest ingly, the hollow tubers also appeared to
be th e laying site of females of two geckos species:
Gehy ra vorax Girard (which we fou nd on ly in the
tuber of one myrrnecophyte) and a Lepidodactylu s,
wh ich appea rs to be new to science an d has recen tly
been descr ibed and named L. bulet: by Ivan Ineich
(Fig. 172 ) . W hi le op eni ng on e Hy dnophy tum
tuber during this sur vey, I accide n ta lly killed a
gra vid L. buleli fem ale. Moreo ver a tota l of 50 liv
ing eggs (25 x 2, as these sti cky eggs are laid two
by two) was inventoried in 10 other Hy dnophy tum
tubers. Therefore, in tot al, 17 % (11 ou t of 65 ) of
the samp led myrmecophytes showed pr esen ce of
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L. buleli. Some o f the b ig tubers especially appea r
to be regular layin g si tes for thi s species . We
fou nd, for exa mple, 16 and 12 eggs in (large
or neighbouring cha mbe rs of) two Hy dnophytum
tub ers , resp ecti vely; mo reover, numerou s pieces
of egg she ll, eva lua ted to correspond in eac h case
to a minimum of 20 hatch ed eggs , were presen t in
th e sam e cham bers . When possib le, af ter opening
the tubers , eggs were put back into the field insid e
o f th e pieces o f tuber she ltering th em .

This limited s tudy of th e ants and other in habi t
an ts of the on ly kno w n myrmecophy te on San to
shows th at Hy dnophy tum tu bers repr esent a ve ry
importan t d welling an d egg-laying site for a
la rge sp ec trum of taxa , ve rt ebra tes in cl ud ed .
Epip hy tes are o ften cons ide red as keys ton e
species for arboreal animals in tr opi cal fores ts.
In th e we ll-prese rve d kauri -t amanu fores t o f
Penao ru, where i t is very frequen t d ue to its rol e
in biodiversity enhanceme n t, Hydno phytum may
be co nsidere d a pla nt o f very hi gh valu e in terms
of conse rvation .

Figure 171: The large Tettigoniidae Sa/omon a redtenbacheri
may be found inside Hydnophytum chamb ers.

Figur e 172: Hydn ophytum tubers are laying sites for two species of gecko (Reptilia, Gekkonidae). A: Two Lepidodaety/us bu/e/i eggs,
new species. B: One Gehyra vorax egg.

BEETLES IN SARATSI RANGE, SANTO
Alexey K. Tishechkin & Jiirgen Schmidl

The task of writi ng about suc h diverse gro up of ani 
mals like beetles on a remote, tro pical , rather large
ocea nic island like San to is ana logo us to an atte mpt
to desc ribe a black cat in a dark roo m. You know it
is supposed to be there, but have a quite vague idea
of its size, age, sex and character, even if you are
hol ding it by th e tail. More, you s till are not sure if
the re are an y other cats inside, how man y, and even
if the creature you are hol ding is a cat at all.

San to, as a rela tively large composite island with
its wa rm and "vet clima te , lush rai nfo rests , high
mountain s and lim est one pl at eaus , loo ks as a
go od candida te for being a "tropical pa radi se" for
beetles, th ese champions of div ersi ty and adapt
abili ty in an imal kingdom. However, th ere are
severa l im portant facto rs o f un certainty in resp ect
to th e sta te of local beetl e fauna and our know l
edge about it.



First , San to is a rem ote oceanic islan d which has
never bee n connected to a large landmass. This fact
brings the issu e of coloniza tion, dispe rsal limita
tions, surv ival and diversificati on of immigrants .
Although its major potential coloniza tion so urces
are represented by such landmasses as Aus tralia
an d New Guinea whi ch harbor rich and div erse
fau nas, th e wat er gaps dis persers have to cross are
s till lon g severa l hundr eds of kilometers an d th e
neares t land s (Fij i, New Caledo nia and Solomon
Islands) are remote oceanic island s the mse lves .
Th ese islands are only stepping stones for disp ers
ers from main land situated more like thousan ds
kilometers away. There is a very lim ited knowledge
ava ilable to pred ict which beetles an d how many of
th em have reached , survived and d iversified on an
island like Santo .

Second, the remo te nature of the island makes
it hard to get there no t only for animals , but
for peopl e who are interest ed in discovering and
study ing th em . Vanua tu and San to in particul ar
have never been a popular des tinat ion for beetle
ent h usias ts . Beetle faun a of less remote , larger,
more acti vely used by Europeans islands in the
region , such as New Guinea and New Caledonia,
had received mu ch more attent ion from natural
ists. So, th e ava ilable written knowledge and even
unsorted muse um co llections are m inimal, espe
cially outside abundan t, eco nomically importan t
an d appealing to collectors groups , i.e. for "little
brown beetles" represen ting th e vas t majority of
species in this mega-di verse inse ct order.

And th ird , there is no way to tell how reliable even
this limited kn owledge is. The task of obtain ing
rep resenta tive picture of local fauna and its natural
history for a diverse gro up of tropical insects at a
large and rela tively comp lex site (case of beetles of
San to) is notoriou sly difficul t. In the tropics, most
of the beetle speci es are rare . It cou Id be a tru e rarity,
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meaning small populations and small localized
ranges , or rar ity in coll ection s , when you need
a piece sheer luck or very special tim e window
and/o r co llec ting meth od to detect a sp ecialized
species . At a given site, "to get them all" you need
to employ a huge effort of mass-collect ing meth ods
or apply a mul titu de of collecting tri cks in var iety
of microh abitats, or better combine two or more
app roaches . Mos t of the biotic inventories, even
nowadays , fai l to do that consis tently. That means
th ere is almost no way to tell how co mplete a given
invento ry is , an d w hich group failed to reach the
island and whic h was just no t nett ed or trapped.
Given all the above, we would not even ment ion
the task of learn ing th e nat ur al his tory of the beetle
fauna as a whole. So, here we are after five wee ks
of traversing a s ingle range in island 's mountain s,
hol ding the tail o f our black ca t in th e dark and
writing about beetles of San to.

•• • The background.
What do we actually know about them

Anyway, a big picture ge ts s tarted with a few first
touc hes by a brush . A na tural way to begin is to
review the available knowledg e. In an at tempt to
get arou nd at least some of above un certaint ies, the
mo st pro mising way is to consu lt th e up- to-date,
comp lete reg ional or global sys tematic treatments
deali ng wi th parti cul ar gro ups of beetl es . Th is kind
of so urc es wou ld provide the best possible picture.
The tabl e 12 lists known beetle spec ies cou nts
for Vanu atu , its three major neighboring is land
gro ups, and New Guinea as the major source for
Melanesian island faunas. Although these data are
ske tchy, some patt erns are eviden t. Known New
Guinean beet le faunas are ap proxim ately three
times ri ch er the New Caledonian ones, th e latter
emerging as the most diverse among Melanesian
archipelagoes analyzed . There is no clear pictur e
in rela tive richness regarding Vanu atu , Fiji and
Solomons . The relati vely lower div ersity for th e

Table 12: Catalogued diversity of selected Melanesian beetle taxa by islands/ archipelagoes. Dash means no representat ives of
corresponding taxon are listed, n. a. stands for "not available". Espiritu Santo expedition 2006 data not included.

Taxon
Number of Species

Source
New Guinea New Caledonia Solomon Islands Vanuatu IJI

-
Anthribidae m 58 20 9 29 Rheinheimer 2004
--- -- - -

Api on idae: Myrmacicel inae and Rhadinocyb inae 245 71 . 1 1 Wanat 2001
- - I -

Chrysomelidae: Alticini n.a. 22 4 16 'I] Samuelson 1973
- - --

Chrysomelidae:Cassidini 29 2 7 - - Borowiec 1999
- -- ; - -- -

Caterino 2006, 2007;
Caterino& Degallier 2007;

Histeridae 160 50 16 11 9 1 Gomy 2007; Gomy &

Aberlenc 2006; Kanaar
2003 ; Mazur 1997, 1999

--- - .,--- -.--

Hybosoridae (including Ceratocanthidae) 23 2 - 1 - Ocampo & Ballerio 2006
- - - - -- -

Hydrophiloidea Hydrochidae and Hydrophil idae 75 22 B 13 8 Hansen 1999
'-'
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Figure 174: Representatives of Anthribidae (A) and Brenthidae
(B), unidentified species. (Photos A. Tishechkin).

Figure 173: Representatives of longhorn beetles
(Cerambycidae). A: Unidentified species of Acanthocinini
(Lamiinae). B: Diastosphya sp. C: unidentified species of a
genus near Tsusuia. D: Glauscytes sp. (Photos A. Tishechkin).

~I

D

E
E
LI"I

E
E
LI"I

sap (Nitidulidae) beetles. Forest floor leaf litter at
different elevations is full of life, with pselaphids
(Pselaphinae), scaphidiids (Scaphidiinae), scy
dmaenids (Scydmaeninae) and other subfamilies
of Staphylinidae abundant and diverse, rivaling
in numbers ubiquitous ants of various sizes and
shapes. And as usually in the tropics, every new
day brings multiple discoveries of species not seen
before.

latter archipelago, evident for every taxon but
Anthribidae and Histeridae, apparently is due to
less collecting and less material available, given
the fact that their proximity to New Guinea and
large size and complex nature makes the Solomons
a logical candidate to be the richest among these
three island groups. The case of Histeridae is illus
trative in that respect, since the species count is
based on a very recent work of Gomy and Aberlenc
which reviews several collections done in the 1990
2000s.

• •• The first impressions from the field
Armed with the results of homework reading, you
reach the camp in Santo forests and begin your part
in the task of local beetle exploration. With the past
experience in tropical rainforests on major land
masses, you are somewhat cautious in your expecta
tions about an oceanic island beetle fauna. But local
forest looks lush and tall and diverse, and ... beetles
are out there. You can observe them easily, catches
by standard trapping techniques do not look poor
in terms of specimen numbers, and all major groups
are present. Phytophages, weevils (Curculionidae in
a broad sense) and leaf beetles (Chrysomelidae) are
abundant and diverse on vegetation. Cut and dam
aged trees at campsite attract armies of wood-boring
weevils and powderpost beetles (Bostrichidae), and
many longhorns (Cerambycidae, Fig. 173) and few
buprestids (Buprestidae) are prominent (although
not so abundant) on this freshly dead wood. Closer
look at that substrate reveals plentiful selection
of fungus weevils (Anthribidae, Fig. 174), dark
ling beetles (Tenebrionidae), fancy-looking brentids
(Brenthidae, Fig. 174) and representatives of several
smaller families of Cucujoidea and Tenebrionoidea
on and under tree bark and on dead wood-infest
ing fungi. At nights, camplights attract numerous
ground beetles (Carabidae), scarabs (Scarabaeoidea)
and longhorns, including some huge, very "exotic"
looking representatives of Dynastinae and Prioninae
(Figs 175 & 176), as well as literally swarms of bark
and ambrosia beetles (Scolytinae and Platypodinae).
Small and not so small rove beetles (Staphylinidae)
are everywhere, making up the bulk of flight inter
cept trap catches, and several rains bring out flushes
of flying water (Dytiscidae and Hydrophilidae) and

Not all the sources consulted to get these data dis
criminate between island records within Vanuatu,
but Santo does not emerge as a popular collect
ing destination within the archipelago. The high
est proportion of Vanuatuan fauna recorded from
Santo is just above the half (Anthribidae, five spe
cies out of nine). It is worth of noting that two
leaf beetle datasets provide an odd picture in com
parison with the rest of data, with New Caledonian
fauna being relatively poor for both tribes and the
fauna of Solomons being uncharacteristically rich
for cassidines and Fijian fauna - for alticines (and
also anthribiids) .
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Figure 175: Xylotrupes ulisses (Scarabaeidae: Dynastinae) .

Initial impression abou t loca l beetle fau na does
not bring a feeling of an inbalanced or poor fauna,
most of its compo ne nts se em to be in place .
However, after closer inspec tion the picture begi ns
to look different . Leaf bee tles are common and
ra the r abundan t, but represented by no more than
nine spec ies , most of them in Eumolpinae. Dead
ro tte n tru nks of fallen trees are bea ten by galleries
of Passalidae , promi nen t subtro pica l and tropical
sca rabaeoid group in th is habitat , but there are only
one common large species (Gonatas hcbridalis) and
a rare small one ; th e latter after a look th rough

A

E
E
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Figure 176: Olethrius tyrannus (Cerambycidae: Prioni nae).

the scope turns out to be a stag beetle, Figulus
foveicollis (Lucanidae , Fig. 177) , the only sp ecies
we found. Ano ther common group, click beetles
(Ela teridae) . is out, but the first days it looks like
only th ree species (sma ll, larger and medium) are
represent ed in ca tches until one nig h t several large
elate rids with spectacu lar luminescent spo ts on the
pronotu m (Photophorus bahewelli) show up at the

Figure 177: Figulus foveicollis (Lucanidae). A: imago (Photo A. Tishechkin) . B: larva.

i 4 ; •
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Table 13: Beetle species counts per family at Penaoru camp site and Saratsi Range,
November 2006. Columns represent results of dead wood hand collecting (He) at
study plots from 100-1200 m (HC deadwood Saratsi range), miscellaneous hand
collecting at camp site 100 m (HC Camp 100 m Penaoru) and total species count (sum
HC, not necessary addit ive, since some species are shared between tw o categories) .

He deadwood He Camp
sum HC

Saratsi range 100 m a.s.l, Penaoru

Anobiidae I

Anthicidae 0 I

Anthri bidae 17 5 21

Bostrichidae 0 3 3
- --

Brenthidae I 5 6
-

Buprestidae 0 2 2

Byrrhidae 0

Callirhipidae 1

Carabidae 2 9 11
- ---

Cerambycidae 16 12 17

Cerylonidae 1 0

Chrysomelidae 9 9

Ciidae 12 0 12

Cleridae 1 0
----

Coccinellidae 0
Colydiidae 5

Corylophidae 2

Cryptophagidae I 0

Curculionidae 35 24 57

Dermeslidae 1 1 2

Elaleridae 5 7

Erotylidae 1 2

Eucnemidae 3 s----
Histeridae 2

----
Hybosoridae U 1

Laemophloeidae 2 5

Lucanidae I 0 1
-----

Lyctidae 0

Melandrvidae 0
- -_.._-

Monommatidae I I

Monotomidae 0 2.

Mordellidae 7

Mycetophagidae ,; 4

Nitidulidae 4 6

Oederneridae 0 "1

Passandridae I 0

Phloeostichidae 0

Propalticidae

Ptinidae I 0

Rhysodidae 2 0 2.

Sca ra baeidae: Ap hodiinae , 2 3
- -

Scarabaeidae: other subfamilies 2 5 7

Scarabaeidae: Scarabaeinae 0 3

Scolytidae(without Platypodinae) ,; 5 6

Scolytidae: Platypodinae <I 3 5

Silvanidae 0 3 3

Staohvlinidae: other subfamilies 13
---

Staphylinidae: Scaphidiinae 6 0 li
-- -

Ienebrionidae 15 11 25

Thoscidae

Trogossitidae

Sum 180 150 304

expedition dinner table, making th em
selves (and explaining beetle experts)
a center of the expeditio n crew's atten
tion. Closer ins pec tion reveals later
multiple species of click beetles in
above-mention ed categories, but total
species count s tays nevertheless low.
'Ne colle cted on ly seve n species of
click beetles from the cam p site and
from the dead woo d collecting along
the Saratsi mountain gradient, namely
Abelater (Melanoxanthus) hebridanus,
Abelater sp., Agrypnus glirinus, Calais
carinulatus , Photophonl s bahewelii ,
Simodactylus buxtoni and Simodactylus
risbeci.

• •• Good and bad oeean
travelers: who's there
and who's not

These examples represent a clear pat
tern: most of the beetle famili es are
present in the Santo's forests, but some
only by limited diversity of species
(see Tables 13 & 14) . Staphyli nids,
anthribids , bar k and ambrosia beetl es,
weev ils and , with some reservation s,
carabids seem to ap proac h their corre 
sponding dom inant divers ities in ter
restrial main land communities. The
last two families are classical examples
of groups prone to su ccessful coloni
zations and diversi fi cations in remote
oceanic islands. But not all habitats
may have been colonized successfully
by these groups. For exa mp le, we
could not record one specialized cara
bid from tree bark, despite th orough
sampling efforts , wh ereas in Aus tra lia
these are very spe ciose on bark.

Speaking of beetle gro ups which were
un su ccessful in their d ispersion and!
or apparently fail ed to make it to
Santo , very few of th e major beetle
lineages come to mind . Desp ite bark
and ambrosia beetles being abundant
and diverse, one of their pro minent
specialized predators in Australasia,
the genus TrypetiCLI s (His te ridae :
Trypanaeinae). apparentl y failed to
reac h San ta . Our co llecting efforts
and metho ds employe d wou ld mos t
probably detect these beetles if pres
ent at the sit e and behaving in a typi 
cal way. Ano the r exa mple includes
Endomychidae, a widespread famil y
of fungivo rou s beetl es , with brighl y
colored and rela tively large represen
tatives , prominen t in tropical forest
both in Old and New World s. The
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Table 14: Beetle species counts per family at different altitudes along the transect at Saratsi Range, November 2006 . Data w ere
collected by tree trunk bark spray method at 100 m, 300 m, 600 m, 900 m and 1200 m. BS100 = Bark spray plots 100 m, other
abbreviations similarly refer to different altitudes.

Family 85100 85300 85600 85900 851200 85 spe sum

Aderidae 0 0 0 0 1 1
•

Anthribidae 3 1 1 0 0 5
-- - ~

Cantharidae 0 1 0 0 0 1
- I· -

Carabidae 0 0 I 0 1 2
- -

Chrysomelidae 1 0 3 4 4
I~ -

7

Ciidae
t

I 0 0 0 0 1
I- 0 -

Coccinellidae I 1 1 1 1 1
- - 11- --
Colydiidae 0 0 0 2 1 3

- 1'- -
Corylophidae I 1 0 2 1 5

- 11 - -
Curculion idae 0 1 3 16 1 21

-- -- --
Elateridae 1 0 0 0 , 1
- -- 4

I:
- -

Endomychidae 0 1 0 0 0 1
--

Lathridiidae 0 0 0 2 0 2
j

Mordellidae 0 0 0 1 U 1
- -

Nitidulidae 0 1 , 0 :5 5
- - - -
Propalticidae 1 0 0 0 0 1
- -- - .....

Ptiliidae 0 0 0 1 1 2
I' I -

Rhizophagidae 0 0 0 1 0 1
- ~

Salpingidae 0 0 0 1 0 1
- - -

Staphylinidae: Scaphidiinae 0 0 1 0 1 2

Staphylinidae: Scydmaeninae 0 0 0 1 2 2
-- - ~

Staphylinidae: Pselaphinae 0 0 0 2 6 7
-- - --

Staphylinidae: other subfamilies 1 1 1 4 4 10
- ~

Tenebrionidae 0 0 0 1 1 2
- l' -- - -- ---

Throscidae 0 0 0 0 1 1

sum 10 8 12 39 30 86

only endomychid record at Saratsi Range was
a few specimens o f Ho!oparamews , tiny (2 mm
lon g) bro wn leaf litter-d welling beetl es , ap par
en tly feedi ng th ere on so me m icro fun gi , found
on nearly all elevations . No large, flashy, macro
fungi-feedi ng endomych ids were found de sp it e
o f extensive spe cial searche s. Check ered beetl es
(C ler ida e) appea red to be very rare , only one spe
c ies, Omadius santo (already descr ibed as new,
Fig. 178) , was reco rd ed in numbers on de ad wood ,
a very common habita t fo r the family. One extra
species, Necrobia sp ., m ost probably in tro duced,
was observed foragin g o n d ryin g cow bones a t our
field k itchen dump. Many o thers famil ies see m to
be with low species nu mbers (Table 13), but final
conclusions should awai t analysis o f other habitat
types (e .g. canopy, coas tal zo ne , etc .) an d sampl ing
methods.

•• • Some help from humans
Another case 0 f na turally missing beetle lineage has
been a su bject for a manipulation by the humanity.
Oceania does not have any nat ive mammals other
th an ba ts , so the lack o f dung beetles (Sca rabaei nae
in strict sense) is a reg io nal fau nistic feature relat ed
to th is lack of food sour ce regardless of dung
beetles' dispersal ab ili ty per se. The only known
represen tat ives in Vanua tu are four es tab lish ed
exotic species (Copris incerrus, Liatollgus miuta
ris, Euonuiceiius intermedius and Digitonthophagus
gaze/la), the latter three (plus SisyphllS spinipes
which obvious ly did no t es tablish ) intentionally
introd uced to cope wit h the dung of brough t an d
abu ndant now cows , horses etc . At Penaoru camp
sit e, near the sea level and human se ttlement , we
coll ec ted (Table 13) three sp ecies of coprop ha
go us Scarabae inae : L militaris, D. gazella and , as a
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Figure 178: Omadius santo (Cleridae), a new checkered beetle
species fro m Santo. (Photo J. Reibnitz) .

surprise , Onthophagus sagittarius, not recorded
from Vanua tu so far, and unclear in its origin .

• • • Mountains matter
One of the importa nt components of Esp iri tu San tos
bee tle diversity migh t be the island 's mou nt ainou s
topography. Since climatic conditions and hab itats
are di fferent along the gradient from coas tal pla in
to hig h moutane cloud forests, one exp ects to find
at leas t some spec ialization in respe ct to elevation
in animals, bee tles in our case. The exte nt of such
spe cialization in relatively sma ll and no t too high
oceanic islands (below 2000 m) is poorly known,
and there is so me evidence, at least for birds , that
on Pacific islands altitudina l specializa tion cou ld
be quite low. However, several exa mples from the
resu lts of our prelimina ry spec ime n sorti ng and
iden tification at Saratsi Range represen t the presen ce
of clear altitud inal limi ts in distrib u tion of some
bee tle species . Extensive flight intercept trapping
has allowed to uncover rather precise up per limi t in
distri bution of Phaeochrous sp. (Hybosorid ae) . This
species is one of the dominants at 100-300 m of

Figure 179: Representatives of Pselaphina e (Staphylinidae),
including a species of undescribed myrm ecophilous genus
(right). (Photos A. Tishechkin) .

elevation , a few sp ecim ens were collec ted at 500 m
and none at 600 m (where colle cti ng effort was the
highest alon g th e transect) and above . Out of nine
spec ies of Pselaphinae (Fig. 179) , sma ll, low vagile
staphylin ids associa ted wi th leaf litter and dead
woo d, represented by longer series of specimens to
allow at least so me qu antitati ve assessment, four are
restricted to 1000-1 200 m, two to 100-300 m of
elevation an d th e res t have broa der alti tudinal niche
between 300 an d 1 000 m.

An illustrative reflecti on of altitudina l changes in
Saratsi montane forest ecosystem is the correlated
alti tu dinal shift in beetle composition on tree trunks
as portrayed by barksp ray sample da ta (Table 14)
These data were collected by sp ray ing abou t a
dozen of tree trunks with arthropod-spe cific insec
ticicle at seve ral plots along the transect between
100- 1 100 m. A to tal of 86 beetle species was iden
tified from thi s co llec ting , and th ere is a clear
d iversity increase from dr yer forests at 100-600 m
to moist forest formati on s wi thi n the cloud zone
at 900-1200 m. Increased epiphyte cover (mosses ,
lichens and algae) on moist tree trunks presum
ably pro vides much better trophic basis for a mo re
spec iose foodweb (where beetles ane! mites play
the most important role) than mostly bare bark at
the lower altitudes. Mite feeding beetle taxa lik e
Scydmaeninae, Pselaphinae and specialized other
gro ups of Staphylinidae clearly prefer the cloud
forest tree tru nk s, bu t also "classi c" ph ytophagous
gro ups like leaf beetles an e! weevils (Fig. 180 ) do,
reflecting the high er food supply th ere for th ese
plan t feede rs .

Differen t collecting methods yie lded different spe
cies and family compositions. Hand collecting (HC)
of dea d wood along the Saratsi mo untain alti tu
din al gradient (Table 13) yielded 180 beetle spe
cies, and four-week occasional collecting at Cam p
site Penaoru (lOO m a.s.l. ) ano the r 150 spec ies ,

E
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• • • Much, much
more species
then we knew

The mentio ne d prelimi
nary results of partial
spec im ens sorting and
iden tification from differ
ent methods shed some
light on the qu ality of the
existing kn owledge abou t
th e beetles of Vanua tu .
The general trend is that
th e available div ersi ty
data for this island fauna
in lit erature ar e qu it e
in complete. In fact, the
on ly case when obse rved
diversity was lowe r than
reported represents flea
beetles , where only one
species was fou nd so far,
wh ile five are k nown
from San ta . For the res t
of groups wi th some sort
ing resu lts availabl e the
si tu ation is th e opp o
site . Only two species of
Scaphidiinae, sma ll, fast 
running, compac t-bodied
fu ng ivo ro us s ta phy lin
ids , are rep orted from
Vanuatu, none of th em
from San ta. We alrea dy
sorted out six species. At
least 16 pselaph ine species
were collec ted at Sara tsi
Range, more than known
so far for the entire archi
pelag o of New Caledo nia.
Th is s tatist ics however
may be m or e illus tra 
tive in resp ec t to th e

poor kn owledge of New Figure 180: Mecomastyx sp. (Curculionidae ), attracted to freshly dead woo d at 600-900 m, male
Cale don ian Pselaph inae. (with long antennae) and female. (Photos A. Tishechkin).

summing up to a total of
304 species . Bark sp ray
(Table 14) added ano the r
86 species , almost no t
record ed by the hand col
lecting. Abu ndant reco rds
at campsite light s proofed
that many beetles species
are att racted by ligh ts,
so we suspect light and
Malaise trap cat ch es ye t
to be analy zed will reveal
a lot of ex tra diversit y,
mak ing estima tes of total
species richness an int er
esting future task.
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Figure 181: Specialized myrmecophiles. A-B: Eucurtiopsis pascali. C-D: E. kitchingi. (Histeridae: Chalmydopsinae). (Photos A.
Tishechkin).

Vanu atan ground beetle tribe Platynini has been
revised recentl y by Liebherr as represen ted by 11
species , five of them recorded on Santo. We identi 
fied so far six species, three of which are new island
records of decribed species and one -of apparently
undescribed one. Twent y one species of anthribids
from Saratsi Range and camp site have been sorted
so far. The entire Vanuatan fauna is represented by
nin e species , and only five of them are known from
Santo.

Th e final example includes the Hist erid ae, a family
for which we can provide now the best taxonom ic
expert ise. Hist er ids are known to be represented
in Vanuatu by nine species (Table 12), and at least
three are known from Santo (two more is a pos
sibility as island localities for them are not avail
able) . We apparently have collected five of these
species (although some identification verification
is s till necessary). On e of the undiscovered species
belongs to the genus Bacanius, tiny dwell ers of rot
ten wood and leaf litter, which are wid espread in
Oceania and represent a substantial component of
otherwise impoverished local faunas. Along with
the tribe Acritini , trib e Bacaniini comprise so-called
"rnicrohisterids'', a group with apparent substantial
dispersal and adaptation potential and so an impor
tant part of histerid faunas on oceanic islands. The
former tribe is also widespread in Oceania, but was
not reported in Vanuatu until we found six spec ies

at Saratsi Range. On e of those species , Acritus
homai, has almost cosmopolitan range, with known
Oceanian records in Mariannas and Hawaii . Th e
total number of histerid species collected in 2006
on Santo is 23 (25 if two extra species collected by
different parti es of the exp edition are included ),
nearly three times the number known for the en tire
Vanuatu befo re the expedition .

• •• Special example: the case of ant "pets"
Eight new species from the histerid subfamily
Chlamydopsinae represent quite exciting discovery.
Thi s Australasian subfamily consists of obligate social
insect colonies' associates. Thes e beetles live exclu
sively in colonies of ants (l0 genera in four subfami
lies) and termites (one genus) and possess unusual
defensive and glandular morphological mod ifications
(Fig. 181) associated with their symbiotic ways of
life. Until the early 2000's they were considered to
be an almost exclusively Australian group, with no
more than seven species (out of about 50 in total )
were known outside this continent, from Japan,
Indi a, Taiwan , New Guinea and Fiji. Th e recent
surge in systematic research on the group during
the last decad e has increased the known diversity
more than three times and revealed the existence
(or potential for existence) of rich local faunas on
New Guinea, Borneo, Sulawesi and New Caledonia.
The discovery and description of Chlamydopsinae in
New Caledonia has doubled the size of local histerid
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fauna, considered prior to this study we ll known .
Our collecting by fligh t inte rcept traps at Sara tsi has
produced eigh t species in three genera (Ceratohister,
Chlamydopsls and Euwrtiopsis), the number currently
known for the entire New Guinea. Biogeograph ic
affinities of the genera sugges t both New Caledonian
and New Gui nean (ap parently via Solomo n Islands)
sources of emigra tion to Vanuatu . Santovian spe 
cies of Chlamydopsis is closely related to the on ly
two, pretty characteristic New Caledo nian spec ies of
the genus, wh ile two other genera are known from
Grea ter Sundas , suggesting island hoppi ng throu gh
New Guinea and Solomons (where representatives of
both these gen era however remain to be discovered) .
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This chlamydopsine example is characteristic in several
points. The sop histicated symbiotic system of myrrne
cophilous beetles and thei r hosts appears to have
dispersed to and diversified at a remote Melanesian
Island. This discovery also illustrates our poor know l
edge not only of the biotas of small remote islands like
San to, but of a major island like New Guinea. W ho
knows how many big discoveries of poorly known
creatures, obscure or not so , awa it their students in the
field or museum storage rooms. Such possibility drives
peop le beh ind inventories like Santo 2006, un ited by
the goal to add more pieces to the great puzz le of the
World's nat ural his tory and to preserve the land and its
inhabitants for generations to come.

LEPIDOPTERA IN VANUATU: FAUNA, GEOGRAPHY
AND THE IBISCA-SANTO PROJEa

Roger L. Kitching

The bu tter flies an d moth s, the Lepidop tera, are
on e of the four grea t insectan megadiverse Orders .
Exac t numb ers are im possible to predic t but th ere
cou ld be as many as a m illion sp ecie s world-wide .
Furt he r, because o f the fascination and efforts
of genera tions of mainly amateur sc ient ists th e
Lepi dopte ra ar e undo ubtedly the bes t known
and taxonomically mo s t trac table of all the insect
Orders.

This relative wealt h of knowledge, however, shou ld
no t lead to complac ency. In ma ny fam ilies of
Lep idoptera , especia lly withi n the so-called micro 
Lep id optera , lev els of descriptio n and knowl
edge are very poor with an estima ted fewer than
50 % curren tly described in many ins tan ces. Even
with in the th ree su per-families constitu ting the
so-ca lled bu tterflies (Pa pi lionoidea , Hesperioidea,
Hedyloidea) new species are cons tan tly be ing dis
covered and described .

Th e butterflies , as alrea dy mentio ned , a re bu t a
sma ll fract ion of th is mig h ty Order, tota llin g per
haps 100000 species orga n ised , usually, in to six
fam ilies. These largel y day-flying spe cies wi th
knobbed antennae and a generally u p right rest
ing post ure are usually con tras ted with th e moths.
Moths , ma inly noc tu rna l spec ies wit h wholly fila
mentous an tennae and a flat, more or less tr ian
gular, res ting pos ture, make up the rem aining 126
fami lies an d dominate the Ord er both in term s of
abundance and species richness .

The Lepidop te ra have be com e wi del y used as
a tool for de tec t ing en viro n m en ta lly -d r iven
change at the com m u nity leve l and have been
incorpora ted into all mi xed protocol s for de tect
ing be La-d ivers it y. Ind eed the ir o n ly riva l in
this regard is the Fo rm icid ae w h ich, a lt hough

I .

well kn ow n, rep rese n t bu t a single fam ily of the
Order Hym en optera. Th er e are several in tercon
nec ted reasons supporti ng the use o f Lepidop tera
wi th in baseli ne and monitoring surveys o f in sect
assem blages:

• As a lready men tioned , co mpa red wi th a ll
other Orders , the Lepidop tera are well kn own
taxoriomically and any survey, parti cularly of
the macro-Lepidopt era may reaso nably expec t
to be able to put species names on ma ny of the
morphospecies encoun tered ;
• Identifica tion of mos t species can be made
based on wing and bod y patterns with diss ec
tion requ ired onl y for confirmation of iden tity
with in "d ifficul t" gro ups ;
• More than 99 % of Lepidop tera are herbivores
(m os tly, bu t by no me ans exclus ively, of living
foliage) an d a representative sample will reflec t,
to a grea ter or lesser ex tent, the ph ylogeny and
d iversity of th e plan t assemblage wit hin which
it is coll ected;
• A large majority of species o f Lepi doptera are
attract ed to light an d large samp les can be col
lec ted and qu ant ified in this fash ion .

For all of these reaso ns quan ti tative sa mp les of
Lepidoptera based on light trap cat ches have bee n
a key part of the four lBISCA Proje cts carried
out to date : in Panama , Qu eensland , Vanuatu and
France.

• • • The Western Pacific:
a biogeography laboratory
for Lepidoptera

Biogeograp hy is the science which atte mpts to
understand how the cu rr ent dis tributions of an i
ma ls and plan ts arose. Its ambit st retches from
st udy of the evo lu tionary pro cesses of diversi fica
tion through to the ecolog ical processes of movem ent
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and comm unity assembly. As a science it has an
old and distingui sh ed histor y s temming from nine
teenth cen tury gian ts such as Alfred Russel Wallace
and his eo-worker, Charles Darwin .

Ever since the foun dation al works of Wallace and
Darwin , islands have been a key tool in biogeog
raphy. One of the reasons why both Wallace and
Darwin came up with th e theory of evolu tion by
natur al selection ind ependently and con tempora
neously was because both had examin ed and pon
dered upon the fau nas of islands - the Galapagos
in Darwin's case and the Sundas in Wallac e's.
Th e islands of the Wes tern Pacific -Melan esia ,
Micron esia and Poly nesia - ha ve provid ed furthe r
inp ut to the dev elopment of bio geography more
recentl y. Of particular im portance in th is regard
has been the wor k on bird faunas s tud ied by
j ared Diamond , Er ns t Mayr and others . Because
of the popularity and accessibili ty of data on birds
th is proved bo th pro fitably an d do-abl e. These
authors drew the atte nt ion of biogeographers to
th e im po rtance of island size, geological history
and topog raphy and how these in terac ted with
different bird lin eages, levels of vagil ity and dietary
specializa tion to produce the island faunas that we
encoun ter cu rre n tly.

It was against this background that there arose a
new group of biogeographers int erested in using
the Lepidoptera rather than the birds as their tools.
Pre-eminent among these has been j.D. Holloway
with many othe r aut hors making additional imp or
tant con tribu tions. Th is has tran slated in to key
monographic works on the biogeograph y of the
Lepidop tera of Fiji, New Caledonia and Norfolk
Island . Ot he r au thors have restricted themselves
both geographica lly and/or taxon omicall y. De
jong has wri tten extensively on the Hesperioidea.
Tenn ent has produced key handbooks and chec k
lists on the butterflies (the Solomons 2002; the
island arcs 2006). Other handbooks wi th much

more global remits also provide key resources from
which data on the Lepid optera of the islands can
be "mined ". Key exam ples are D'Abrera (Butterflies
of the Australasian region in 1971 ), D'Abrera &:
Hayes (Hawhmoths of the World in 1986), Scoble
(Geometridae in 1999) and Brown (Tortricidae in
2005) .

In all of this fervour of activity Van ua tu has been
relatively ne glected . A series of ear ly papers by
Butler drew initial atten tion to the lepidopteran
fauna by descr ibi ng new sp ecies an d sp ecies
records from the archipelago. Viette built on these
early records with an important series of pap ers on
part icul ar groups. In 1975 Robi nson also generated
a us eful ch ecklist of the lepidopt eran fauna as a
spin- off from his extensive do ctoral s tudies on Fiji .
A Royal Society/Percy Sladen Expedition to the
New Hebrides genera ted mu ch use ful biological
informa tion and the relationsh ips of the invert e
brates are discussed at length by Gross in 1975.
Th at paper also presented sp ecies-level che cklists
for the butterflies and the He tero p tera (Gross's
spec iality) . Th rou ghou t this period there has been
a trickle of othe r studies generally drawing atte n
tion to species of econo mic importan ce. Th ese and
other more sca tte red resources allowed Holloway
to discuss key compa risons between the faun a of
Vanuatu with that of New Caledo nia (and other
neighbouring lan d-m asses).

Gross discusses the earlier conjecture that , in inver
tebrat e terms at least , the fauna of Vanua tu is dep
aupera te. In fact Gross shows qui te conv incingly
tha t when an alysed using the standard species/
area curves of the theo ry of islan d biogeography
that th is is not the case . Faunis tically, he suggests ,
the islands of Vanua tu contain almost exac tly the
species rich ness that more general area and topo
graphic considerations would pr edict. Thi s conclu
sion is supported furth er in a short but insightful
paper by Robinson.

Table 15: The Lepidoptera of Vanuatu and adjacent territories. Note "endemic" refers to both species and subspecies. Geographi cal
inform ation extracted from Wikipedia'" and Google Earth?'.

Vanuatu New Caledonia Norfolk Island Fiji

Total Endemics Total Endemics Total Endemics Total Endemics

Total Macro Lepidoptera 364 106 (29%) 444 138 (31%) 98 19 (19 <¥o) 395 107 (28%)

Papilionoidea 86 28 (32<¥o) 61 12 (20%) 12 2 (17%) 42 4 (9.5%)

Sphingidae 9 0 18 2 (11 %) 6 0 13 1 (8%)

Tineidae 16 8 (50%) 9 5 (55%7) 11 6 (54%) 59 13 (22%)

Total Land Area (krn-) 12189 18575 34.6 18274 I
Distance (km) to New Guinea 2685 2949 3610 3510-- --- - -- - -- -
Distance (km) to Australia 1984 1338 1428 2797
-- - -- - -

Distance (km) to New Zealand 234\ 1773 772 2 112

Highest Point (m) 1879 1628 319 1300



•• • The Lepidoptera of Vanuatu:
what do we know?

Table 15 summarises some of the information avail
able about the Lepidoptera ofVanuatu and compares
it with that of nearby insular land-masses - New
Caledonia, Fiji and Norfolk Island. Key geographical
statistics for each of these islands (or island groups)
are also included in the table. Reasonable estimates
of total faunas are available only for the macrolepi
doptera (that is: the Zygaenoidea, Hesperioidea,
Papilionoidea, Geornetroidea, Sphingoidea and
Noctuoidea plus a number of smaller and less wide
spread superfarnilies). Infraordinallevel information
is available only for the Papilionoidea, Sphingidae
and Tineidae.

Gross notes 53 species of butterflies from Vanuatu,
at least one of which he records as a distinct sub
species on different subsets of the archipelago. A
very recent check-list by Tennent describes 86 spe
cies from Vanuatu including two endemic species
and 26 endemic subspecies.

In 1979 Holloway records a total of 364 spe
cies of macro-Lepidoptera from Vanuatu based
on Robinson. Holloway cautions that these fig
ures are based on only a "preliminary analysis" of
Robinsons 1971 collections. Robinson noted that
the largest proportion of the non-endemic 259 spe
cies had generalised south-western Pacific distribu
tions occurring, variously, in New Caledonia, the
Solornons, Fiji, Samoa and/or Tonga. Much smaller
numbers of these non-endernics had restricted dis
tributions in which their Vanuatan distributions
were shared with only New Caledonia (14 spe
cies), the Solomons (eight species) or Australia
(three species). Robinson notes that Santo Island,
undoubtedly because of its size, had the largest
number of endemics. Endemicity of macrolepi
doptera in Vanuatu, though, is generally at the
level of the single species or with (according to
Robinson) few if any of the radiations observed
elsewhere in the region. The possible exception
to this rule among the macrolepidoptera is the
hypenine noctuid genus Schranhia which exhib
its different species on different islands of the
archipelago. Robinson concludes that the fauna of
Vanuatu is relatively recent reflecting the youth
fulness of the landmass itself. He suggests that
Vanuatu has undergone considerable increase in •
land area through the Quartenary era.

Robinsons analyses, insightful as they are, do not
cover any "micro-" groups and these remain poorly
known. In his final work, Robinson discusses the
global distribution of one family of "micros-" -the
Tineidae. He summarizes known species from each
of the island groups of the Pacific (and indeed for all
other regions of the World). His comments on the
fauna of Vanuatu reiterate the very poor level of col
lecting that has been carried out. However, of the 16
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known species eight (50%) are endemic suggesting,
as would be expected on first principles, that higher
levels of endemism may be expected in the micros
than is apparent among the macrolepidoptera.

•• • The IBISCA-Santo project

••• Background
The IBISCA model of biodiversity research in for
ests was developed by Yves Basset, Bruno Corbara,
Hector Barrios and many other colleagues. In essence
the approach relies on a centrally developed experi
mental design against which a large international
team carry out sub-projects targetting a wide range
of arthropod taxa and associated ecological pro
cesses. To date the three tropical and subtropical
IBISCA Projects have been, respectively, in Panama,
Queensland (Australia) and Vanuatu (Santo). IBISCA
Panama examined the contrasts between the ground
zone fauna and the canopy fauna within the San
Lorenzo forest reserve on the Caribbean slope of
the Republic of Panama. Both the Queensland and
Vanuatu projects examined sites at different altitudes
along a continuous forest gradient. The last two
projects were designed against a goal of identifying
which taxa or sets of taxa would be most sensitive to
projected climate changes. In particular we hope to
identify appropriate future monitoring targets.

In all four IBISCA Projects considerable invest
ment has also been made in collecting spatially and
temporally contemporaneous vegetation and other
environmental data both as an end in itself and to
aid in the interpretation of the arthropod data.

••• Hypotheses
The Lepidoptera sub-project within the IBISCA
Panama project has focussed on the families of mac
ro-Lepidoptera plus the Pyraloidea and a few other
minor families of the larger "micros". In this con
nection the "macrolepidoptera" was also taken to
include other large moths conventionally included
with but not being of the macrolepidopteran clade:
the Hepialoidea, the Zygaenoidea and Cossoidea.

The following hypotheses have driven the project:
• There will be characteristic assemblages of
moths at different altitudes along the sampled
transects;
• These characteristic assemblages will mirror,
to a greater or lesser extent, the vegetation and
land use changes along the transect;
• The levels of local endemism will increase
with altitude (reflecting the greater specialisa
tion seen in the vegetaton);
• Different taxa of moths will respond to altitu
dinal changes in different ways;
• A set of taxa can be identified which can be
used as surrogates for the whole assemblage
(of Lepidoptera or, perhaps, all herbivorous
insects) in future monitoring activities.
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Figure 182: The author sett ing light traps at 1200 m.

••• Methods
Mo ths were samp led in November 2006 . Th e trap
design was a modified Pen nsylvan ia ligh t-tra p in
which a vertical, ba ttery dri ven actinic tube is held
above a funnel by three vertica l, tranparen t vanes
(Fig. 182) . Moths attrac ted to the ligh t strike the
plastic vanes and drop into the funnel. The y are
collected in a bucket or bag he ld benea th th e fun
nel. Resin strips impregna ted with the ins ect icide
dichlorvos" are placed among cardboard frag
me nts within the collec ting vesse l. These have the
advan tage of killing mo ths quickly yet without the
ac tive prin ciple evaporating rapidly.

This particular design of trap has been used ex ten
sive ly when the goa l is to obtain a local sample
of mo ths represen tat ive of th e species assemblage
flying in the immedia te vicinity of the tra p. It has
bee n shown by others that even in idea l condi tions
light traps probably divert insects over a distance of
no more than about five to ten metres .

A to tal of six trap nights was accumulated usi ng
three traps over two nights at each site being sam
pled. Traps were suspended at abo ut 2 m above the

Figure 183: Pinn ed mo ths, in the field .

grou nd and whe n more than one trap was in op era
tion at the same eleva tion , traps were loca ted at least
50 m apart and with no line- of-sight between them.

In thi s fash ion the faunas at eac h of six eleva tions
were sampled: 100 m a.s.l., 300 m a.s.l., 600 m a.s.l.,

Table 16: Preliminary results of moth stu dies during IBISCA Vanua tu (macromoths + Pyraloidea).

..-- -
Altitude 100 m 300 m 600 m 900 m 1200 m Overall

Total moths caught 662 604 642 121 9 1747 4874

Macrolepidoptera Total Abundance 275 316 235 467 783 2076

Estimated Species Numbers Noctuidae 44 28 31 20 8 129
.•. -- --- --- -- .; c---

Estimated Species Numbers Geometridae 9 10 19 15 8 38

Actual Counts:
- :--- --~ -

Arctiidae - Total Abundance 11 9 29 68 20Y 326
- - - ---' -Arctiidae . Species Richness 3 4 5 10 8 20

-- ~ ~

Sphingidae . Total Abundance 4 3 11 3 0 21
- --- --- 1-

Sphingidae- Species Richness 1 1 2 3 0, 4
.._- ------ -- - -- ----

Pyraloidea . Total Abundance 387 288 407 752 9 4 2798
---- - - ~ - - --

Pyraloidea - Species Richness (based on sorting 60% of the entire sample) 77 11 45 48 47 14 131

• ISS
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900 m a.s.l. and 1200 m a.s.!. Traps were emptied
daily and collections roughly sorted and pinned in
the field (Fig. 183).

These samples were subsequently sorted further and
representative examples of the morphospecies used
have been set and fully labelled, ready for identifica
tion. In line with the protocols used in the IBISCA
Queensland project all moths with forewing length
greater than one centimeter were counted plus any
smaller Pyraloidea. In general this restricted our tar
get groups to the conventional macro lepidoptera,
the Pyraloidea and a few easily recognised "micro
"families such as the Yponomeutidae and Ethmiidae.

A total of almost 5000 moths was sampled. Of
these more than half were Pyraloidea, confirming
the relative dominance of this family in general
and in the Australasian region in particular. In the
relatively well-known Australian fauna the number
of species of Pyralidae (s.l.) is exceeded only by the
much better worked Oecophoridae, Geometridae
and Noctuidae. Although the total number of spe
cies encountered is yet to be determined, I estimate
that there were about 129 species of Noctuidae and
38 species of Geometridae in the Vanuatu samples.
Absolute counts of the noctuoid family, Arctiidae,
have been made and a total of 20 species was
encountered.

••• Preliminary Results and Interpretation
• Composition of the Samples

Identification and analysis is on-going. Identification
of the collections made is hindered by the absence
of reference works and the scattered nature of use
ful collections (not to mention the author's loca
tion in Australia).

Todate total counts of the moths have been made and
estimates of the total numbers of species encountered
made, based on extrapolations from the substantial
fraction ofspecimens (> 50%) that have been processed
to date. In addition actual totals and species counts
have been made for the Sphingidae and Arctiidae. A
special focus has been placed on the largely unknown
Pyraloidea (Pyralidae and Crambidae). These results
are summarized in table 16.

Within the Pyraloidea, I estimate the existence of
about 131 species within the samples. This is based
on an extrapolation from a thorough sorting of about
60% of the totals sample. Species belonging to some
subfamilies, such as the Phycitinae, are virtually
impossible to sort to species without dissection and
the quality of the samples, after transportation, is such
that further certainty as to their identity is unlikely.

• Cross-altitudinal Patterns
Figure 184A presents the average number of moths
encountered at each site with the associated standard
error plotted on a semi-logarithmic scale against
altitude. There is effectively no differences in catch
sizes across altitudes 100 m, 300 m and 600 m.
Above this level I encountered significantly more
moths and this increase continued to the 1200 m
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levels (although the differences between means
at 900 m vs 1200 m are probably not significant).
This pattern is clearly reflected in figures 184B &:
184C which break the results down into Pyraloidea
(Fig. 184C) and the remainder (Fig. 184B). The
sites at 100 m exhibited very high variability reflect
ing the very disturbed nature of the environment at
that altitude as well as the inadequate replication in
the sampling regime (as it turned out).

In figures 185A &: 185B I have presented compara
ble results, bu t exclusively for the family Arctiidae.
There is a very clear increasing trend in numbers
of Arctiidae from the 100/300 m elevation to the
higher elevations reflecting a manyfold increase
in numbers within the samples. This is partly
reflected in the actual number of species encoun
tered at each elevation (Fig. 185B -note this is
not a logarithmic plot) although the trend is bro
ken at the highest elevations. Note that means are
low and variability high, yet the trend is clear.

Although our analyses are far from complete there
is clearly a cohort of species particularly associated
with the high elevation forests. Several species of
pyraloid and of arctiid achieve very high num
bers within these high elevations and are virtually
absent lower down the transect.

• General Discussion
So how may these trends be interpreted?

The simplest interpretation is that there is a natu
rally occurring gradient from lowland to highland
reflecting increased ecological complexity, greater
species packing and finer subdivision of host-plants
resources (perhaps even a greater variety of food
plants available). If the environment surrounding
the transect was undisturbed forest then this might
be an appropriate, if puzzling, explanation. Yet it
is naive in the extreme. Fundamentally the lower
elevations, from 100 m to as high as 600 m show
extensive signs of on-going recent human distur
bance. Much of the forest is post-slash-and-burn
regrowth and shows all the signs of long-term, on
going disturbance.

There is evidence that the higher elevations also
experienced some disturbances relatively recently.
Folk memory has it that the villages, including
Penaoru (or its predecessors) moved (or were
moved) to their present coastal locations only with
the arrival and dominance of Christian mores.
Members of the IBISCA team noted several old
habitation sites high in the mountains. So even
the 900 m sites cannot be presented as somehow
pristine. The 1200 m sites are so wet and inhospi
table to humans that the case for only occasional
visitation may be sustainable. The higher elevation
sites, whatever their history, now present extensive
stands of more or less mature forest.

Accordingly, I interpret the patterns of moth diversity
that I encountered as representing the consequences
of the extent and history of human disturbance over
as much as several centuries. I add the caveat that
the fauna at 1200 m probably represents the long
term assemblage characteristic of that altitude and
the forest it contains. Again many features of the
forest at 900 m can also be seen as representing the
pre-human background biodiversity of the island.
At lower elevations without much more, currently
unavailable, information on the identities and life
histories of the species of moth encountered, I take
the fauna encountered to represent substantially
modified, anthropogenic assemblages.

The one exception to this rather negative interpreta
tion may be found in the patterns of diversity exhib
ited by the Arctiidae. The Arctiidae in general is a
small, rather specialized family. It is generally divide
into three subfamilies, the Arctiinae, Lithosiinae and
the Ctenuchiinae (also known as the Syntorninae).
Of these three subfamilies, the latter two feed almost
exclusively on lichens, algae or mosses. Members of
the nominate subfamily are generally polyphagous
feeding on herbaceous plants. In the Vanuatu samples
the numbers of individuals of the arctiids in general
increased geometrically from 12 at 100 m progres
sively to 64 at 900 m and a colossal 218 at 1200 m.
Not only that but the percentage of these represented
by Lithosiinae and Ctenuchiinae within my samples
moved from 18% at 100 m, through 66% and 64%
at 300 m and 600 m respectively (all based on small
samples) to 81 % at 900 m and 93% at 1200 m. The
higher elevations were dominated by two species of
lithosiines, one a species of Eilema. The highest ele
vations along the IBISCA-Santo transect are converg
ing on true cloud forest with trees literally festooned
with mosses and foliose lichens, with bark encrusted
with algae, liverworts and crustose lichens. They
undoubtedly represent a veritable cornucopia of food
resources for Lithosiinae. Such patterns are found in
high elevation rainforests elsewhere.

••• Further Work
Much further work is needed on the collections
already to hand.

That having been said it is also clear that Vanuatu
and Santo in particular represent a much under
worked region still, in spite of the best efforts of
the IBISCA team. Within the Lepidoptera the large
micro families of Pyralidae, Crambidae, Tortricidae
and, probably, Oecophoridae (that characteristic
family of Australasia) will be the most fertile fields
for further study. They would well repay further
expeditionary work both from a taxonomic and
ecological viewpoint.

What is most needed, though, is the training of a
cohort of Vanuatan specialists who can continue the
work begun by the IBISCA team and its predecessors.
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DIVERSITY OF SPIDERS
Christine Rollard

Spiders co nstitute an im portant group
of invertebrates nearing 4 1 000 known
species in the wo rld, and distribu ted
over 109 fami lies according to the
la tes t ve rs ion of The Wo rld Spider

Catalog (Platnick 2010 ) . Spiders are present on all
continents except Antarctica , and are found in a ll
k inds of habitat s , at differe nt levels of vege ta tio n ,
and ranging from th e ground , u nder rocks , among
leaves , to th e tops of th e trees ...

The hunting tec h niques used and the s tructure of
their environmen t determines the distribution of
eac h individual species of spider. All sp iders are
carnivoro us and ei ther ac tive or pass ive hu n ters ;
th eir preda tor y beh aviour is hig hly var iab le along
with the means used , sometimes with a silk trap and
sometimes without. The ir main prey are insects, on
which spiders have a signi ficant impact.

Body sizes ranges from 0 .4 mm to abo u t 130 mm
and the re is much variation in their biology. Sp ide rs
are really good models for the study of bio d ivers ity
in ge ne ral a nd the eva luat ion of natura l habitat s in
part icul ar.

• •• Historical knowledge
Data on arachnids and especially spide rs fro m
Vanua tu were old and scattered . Simon in 1897 was
the firs t person to study some ma ter ial co llected
on Malicolo and Vanikoro. From 1930, knowledge
improved owing to the trips of several naturalists suc h
as Aub er t de la Rue and his wi fe, and M. Risbec.

Slightly less than 100 species have been desc ribed
from the archi pelago and Berland in 1938 drew u p
a list (Table 17) wi th 12 cosmopo litan species and
40 prese nt on more than on e island. Only 23 spe
cies, distribu ted over 13 fam ilies, were identified
from Santo of wh ich five spe cies are only fou nd on
the island. Berland notes that endemism amounts to
35%, a lowe r number than that of other archipelagos
which are closer to 50 %; whic h should mea n tha t
there are more common species in Vanuatu than on
othe r island s elsewhere in the Pacific. This conclu
sion will be checked by this new collection beca use it
will be interesting to compare this fauna more tho r
oughly wit h that of the nearest archipelago - namely
New Caledonia - and with the other Pacific Islands.
According to Berland , the different parts of the archi-

pelago of Vanuatu have more affinity to each other
than they have wit h the surrounding landmasses, and
that there really exis ts a distinct Vanua tu faun a, with
the arc hipe lago composing a zoogeograhica l uni t.
This zoogeographical hypothesis needs to be verified .

• •• Discovering the spider fauna
Spider specimens were collec ted by seve ral teams
who sampled in diverse si tes on the island at different
altitudes , in particular the entomologis ts con fined to
the base camp at Penaoru . The majority have been
collected by the author helped by ma laco logists and
bo tanis ts , during one month (November 2006) of
itinerant prospecting at four main sites : Tasmate
and Penaoru on the west , Matantas an d the sur
roundings of Luganville (south) to Butmas and Port
airy (north-eas t) as well as the traverse of the Cape
Cumberland from west to east. Complementary col
lections have also been done among other orders of
arachnids su ch as scorpions, opiliones (ha rvestrnen) ,
pse udoscorpions , etc. - grou ps on wh ich there has
hitherto not been a lot of infor mat ion. This mater ial
has already been described or is be ing s tudie d.

Various sam pling methods are necessary fo r col
lecting spi ders, su ch as opportunis tic collec tion,
sweep netting in low vegetation, bea ting of trees ,
ex trac tion or sorting of leaf litter.. .

The number of species collected d ur ing this expe
dition is st ill unclear today; however the diversity
can be estimated now at 150 morphospecies in jus t
under thirty fami lies in which both principa l sub
orders are rep resen ted : the Mygalomorphae and
the Araneo rn orphae.

We canno t list them all in th is paper, the majori ty
of the specimens being sti ll under study in co llabo
ration wi th ot her co lleagues arou nd the world but
a few can be presented as part of thi s work.

••• Mygal omorphae
The re are currently 15 fami lies of myga lomorph spi
de rs in the world , comprising around 2600 spec ies.

Three species were collected on Santo with on ly a few
individuals. No Cteniz idae (trapdoor spiders) were
fou nd. Two of the spec ies belong to on e of the already
known families, the Barych elidae (represented by 300
species with a pantropical dis tribu tion) , they include
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Figure 186: Barychelidae found under a dead trunk on the ground.

an Encyocryptaand a new spec ies from the same gen us
that awai ts desc ription , and maybe the male of anothe r
genus , Nihoa, known only from a female described
from Vanua tu. Barycheli ds (Brushed trapdoor sp i
ders) live in burrows of vaJious forms such as a small
silk retreat attached to the un derside of fallen trees
(Fig. 186) or complex retreat s closed with a trapdoor.

The third species, of the genus Masteria, belongs to

ano ther family not listed above , the Diplu ridae (165
species in the world with a wide dist ribution ). Diplurids
are grou nd-dwe lling spiders that const ruc t shee t webs
with a funnel-shaped retrea t in existing crevices, or
wit hin the litter in the case of the Masteriinae.

Figure 187: Araneidae of the genus Arachnura (scorpion-spider).

Th e wor k on these small ta rantulas (between 5
to 12 m m) is currently under prep arati on wi th P
Mar ech al (MNHN).

000 Aran eomorphae
The maj ority of th e sp ide rs are a ra neo mo rphs ,
th at co m prise almost 39000 species . Amo ng th em
we find in particular th e we b spide rs that o ften
in clude species o f medium to large size a nd ar e
thu s more easily spotted o n th e ground . Most
o f the other species o f inter est do no t ex cee d
2-3 mm , even though so me are very visible a t di f
ferent levels in the veg et ati on.

On Santo, 22 families had been list ed an d rep rese n
tatives of most of these were co llected during the
expedition , and possibly also spe cime ns from three
or four others famili es but th e identities o f these
need to be confirmed.

Five fam ilies are currently und er inv estigation with
o the rs a rac h nologis ts: the Ara neida e, Nephilidae,
Salt icidae, Sparassidae, Tetragn athidae, and so me
gene ra o f Th eridiidae.

c c c Araneidae
Th e best k nown ca tegory are th e or b web spide rs,
for which the web is a very effect ive passive mean s
of capturing prey that co me towards them . Several
genera in this family have red uced webs or have
en tirely abandoned web bui ld ing. This large fami ly
comprises almost 3000 species occurring world
wide and occupying a wid e ran ge of habitats .

A strange spider called the "scorp ion spider" - prob
ab ly from the genus Arachnura- has been found
during the traver se of the Cape Cumberland from
the west to the east ; un fortunately the only specimen
collected is imma ture (body length around 10 mm)
and we are not able to identify the species (Fig. 187).
The prominent tail is somewhat similar to a sco rp ion ,
though harml ess. The web is co nstructed near the
ground , at an angle or somet imes horizontal. Small
flying insec ts are the usual prey. No spec ies of this
genus (found especially in Austra lia or even in New
Caledonia) had previously been reponed in Vanuat u.

Another genus found at several locati ons on th e
island is Cyrtophora or the tent- web spider. Their
tent-like, highly complex non-s ticky web is some
times considered a precursor of the Simplified orb
web. These webs ar e aligne d horizontally, with a
network of supporting threads above th em. These
spiders often live in co lon ies . Females us ua lly have
a body length of abou t 10 m m .

The hunting stra tegy of the group of Gas teracan thina e
is different -they wait upside down at th e cen ter of
the web co ns truc ted between trees , and we found
several spec ies suc h as Gasteraca ntha (Fig. 188) ;
they are also ca lled kite spide rs because o f their
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Figure 188 : Gasteracantha (Araneidae) , ventral view of spider at the center of its web.

••• Nephilidae
Th is family of 58 pan tropical species contains sticky
orb web weavers that occupy man y habita ts , their
webs being characterized by the permanent au xil
iary spiral and the cuppe d hub against the substrate.
Nephila are famous for their huge aerial web s, and
are gro ups of spiders that can reach 5 cm in bod y
size. They weave a yellow ish silk geo metrical web
fro m which they derive their nam e of th e golde n
orb web sp iders ; they are visible in broad da ylight
in the cen tre of their very resist ant silk traps , wait
ing peacefully upsid e down for the prey th at col
lides wi th it. Nephila plumipes was often seen while
trav elling around on the island (Fig. 190).

colors (yellow, black , white, red . . .) and spi n large
webs, usua lly in tall grass or low bushes. The ir size
is between 5 to 15 mm. In those species, the web
sh ows a charac teristic silk zigzag called the stab ili
mentum. It is assumed that the role of this conspicu
ous white silken struc ture is a pro tective device that
warns birds of the presence of webs in their fl igh t
path. Webs endowed with art ificial equivalen ts of
stabilimenta tended to survive int act the early morn
ing period whe n birds are on the wing; unmarked
webs showed a high inc idence of destruction .

Species in the genus Argiope (Fig. 189) often have
a prominen t abdomen with stripes in altern ating

special form: the abdom en is much wider than it is
long and usually has spurs (often black or red ) on
the sides , rendering this spider unmistakable.

Nephila are com mon an d co loniz e different habi 
tats ranging from very we t areas suc h as th e edge s
of fores t groves to dry bush es. Th ey are often ab un 
dant on buildings , bo xes or be tween poles. They
oft en hav e company on the outskirts of the web
with many small spiders qualified as klep topara
site s suc h Argyrodes (silver dew-drop sp ide rs of the
Th eridi idae family co nta ining 2297 species) . The
study of the genus Argyrodes is curre n tly ongoing
- these are spiders live in the webs of other sp i
de rs, either preying on th e hos t sp ide r or feeding

Figure 189: Argiope (Araneidae) on its web bearing a stabilimen tum. on prey remains in the web .
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Figure 190: Nephilaplumipes (Nephilidae) atthe( enteral itsw eb.

•• • Tetragnathidae (947 species)
A number of indi vidu als belonging to this seden tary
fami ly have been cap tured, which generally prefe r
quite moist habi tats. Tetragnatna, the long-jawed water
spiders, make typica l wagon-wheel webs cons truc ted
near or abov e a stream, usually set horizontally. The
spi der hangs upside-down on the web with its first
and seco nd pai r of legs stretched forward. Unlike
man y of the other or b weavers, tetragnathids do not
stay perm anentl y on the web and may be found at rest
on grass stems or twigs in their characteristic lying
position. Othe r genera such as LeucaHge (Fig. 191) are
often found a short dis tance away from the web where
they hide by stretchi ng out along a grass stem. There
are usually located near fresh water.

So far we have only dealt wi th fam ilies of web
bound spiders but man y ara neo morphs are grou nd
dwelling or plant-dwelling. The wandering spide rs
do not build webs and they are very numerou s in the
tropics. Some fami lies have few species suc h as the
Oonopidae, Pisauridae, Miturgidae but othe r fami
lies that we observed on Santo have many species.

••• Sparassidae (Fig. 192) (1090 species)
Th ese large (15-35 mm) wandering crab sp iders
ar e free -run ning, living either in bu ilt -up areas

Figure 191 : Tetragnathidae 01 the genus Leucauge sp. (silver
marsh spider).

(ma ny speci mens are fou nd on trees close to villa ge
homes) or under bark, s tones , in crev ices of ro cks ,
or at th e base o f low vege tat ion . Th ey have long
rob us t legs , tu rned out wards in cra b-like fashion .
Th ey ar e nocturna l in the wild, coming ou t at night
to hun t. In houses, they may a lso be active during
the day, and are most often seen indoors on wall s ,
at tracted by the insects th at are b rought in by the
light. Resting with th eir lo ng legs outstretched ,
they will mo ve away at great speed if d isturbed .

••• Saltici dae
This family is the world's largest wi th more than
5000 described spec ies.Jumping spiders are di urnal,
and apparent ly have the best vision of all the hunt
ing spiders. Most genera are sm aller than 5 mm and
often very colourful. They are active, movi ng around
in qui ck darts or lon g leaps. Th ey also occ upy a wide
variety of hab itats. Th ey are free-roa ming hunters
that "jump" onto their prey. For this they requ ire the
stereosco pic visio n given them by the large median
eyes . Some spec ies mimi c ants wit h wh ich they may
or may no t live. Such sp iders are called myr meco
mo rphs; holding their first pa ir of legs aloft to mi mic
feelers, they take on the coloration and "look" of the
an ts and may even mimi c the an ts' typical search ing
gait. Th ey do not spin a web but do make a sac-like
nest in the vegetation or under leaves or stones .

T he study of this family of jump ing spiders is already
we ll adva nced under the responsi bility of B. Duhern
(MNHN) . Around 90 % of the species repo rted by
Berland in 1938 for the archipelago have been reco l
lected. Twenty species have been identified at the
mom ent , wi th maybe thr ee or four new species for
San to and two new genera for Vanua tu.

Th ese new data therefore conside rably increase our
knowledge of this zoo logical group with so me spec ies
having a wide distribu tion and othe rs being m uch less
common or even end emic. Ove rall diversity seems
to be high , but a large number of species have been
foun d in very small qu antities and not always at the
adult s tage, so determin ing them will not be easy.
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Figure 192 : Sparassidae female on the ground carrying a cocoon.

Table 17: Updated list of species from Vanuatu by Berland ( 1938).
• on Santa. 0 on Santa and other islands of the archipelago.

Araneomorphae

Mygalomorphae

Barychelidae

Encyocrypta me/eagris Si mon, 1889 Idiommata me1eagf/5 Simon, \88

Ctenizidae

o Conothele hebtidisiona Berland, 1938 GlIIntheJe hebtidISJOflUS Berland, 1938
- --- -

Araneidae Argiopidae

Araneus aubertarum Berland, 1938
..~

Araneus linneganae Berland, 1938
--
o Araneusneocaledonicus

Berland, 1924

Argiope appensa (Walckenaer, 1841 ) I4rglOP OTmulalo Doleschall, IB57
- --------'

o Argiope piao L. Koch, 1871

Argiope tri/aseiata (Forsskal, 1775)
-- --

Cyclosa litoralis (L. Koch, 1867)

o Cyrtophora moluccensis

(Doleschall, 1857)
--

Eriaphora transmarina ~roneus cop/tollsL Koch. 1871
(Keyserling, 1865) F. Aroneu; produclUS L Kodl. 186"1
-- -

Casteraeantha hebridisia Butler, 1871
--- --
Casteracantha rega/is Butler, 1873

Casteracanthasi/vestris Simon~

Name currently used Name indicated
according to Platnick in Berland

Casteracantha westringi

Keyseriing, 1864 -
Larinia phthisica (L.Koch. 1871 )

- -
Neoscona theisi (Walckenaer, 1841) 1ron~us theist (Walck maer, 1841)

-e

Neoscona nautica (L. Koch, 1875) fAroneUI rroutiws (L Kod • 1875)

• Poecilopaehys austra/asia er aroetm bispmosa Keyserllng,
(Griffith & Pidgeon, 1833) la65

Clubionidae

Clubionaalveolata L. Koch, 1873

Clubiono hystrix Beriand, 1938, - i'-

Corinnidae Clubionidae

Oedignatha canaca Berland, 1938
-

Desidae Amaurobiidae

Epimecinus sp.
-- -;

Filistatidae

• Pritha bakeri (Berland, 1938) Ir.-;listata box€/I B rland. UB

Gnaphosidae Drassidae

Anzacia insulana (Rainbow, 1902) LPiXOcfms51/S irrsulanus (Rainbow, 19(2)
-

linyphiidae Argiopldae

Laetesia oceaniae(Berland, 1938) Bothyphdn oceanioe (BeIlaod. I'BB)

lycosidae

Artoria bereniee (L. Koch, 1877) .V' OSll ombrymiono f1edand. 1938

Name indicated
in Berland

Name currently used
according to Platnick
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Name currently used Name indicated
according to Platnick in Berland

-

Lycosa caenosa Rainbow, 1889

Lycoso konei Berland, 1938
- -

o Lycoso tonne (Strand, 1913)

Lycosella hebridisiana Berland, 1938

Lycosella minima Berland, 1938
-

Miturgidae Clubionidae

Cheiracanthium longimanum
1l. Koch, 1873

Che,racanthium mordax L Koch, 1866 , Chelloeon/hium gilvum L KIXlI, 1866
--- -- -

Systoria insulana (Rainbow, 1902) (ebnthele long/couda B rland, 1938
- -

Nephilidae Argiopidae

Nephila maculata (Fabricius, 1793)
- - - -

o Nephila plumipes (Latreille,1804)
-

~
L _

Oecobiidae

Oecobius annulipes Lucas, 1846
j ~-

Oonopidae

Xestaspis kxicata (l. Koch, 1873) Comasomorpha toncot«

Pholcidae

Artema at/anta Walckenaer, 1837 Memo maulieiano Walckenaer, 1837

o Pholcus ancoralis L. Koch, 1865

Smenngopuspamdus
Sme(lI!gopus elongatus Vinson, 1863

(Blackwall, 1858)
-

Pisauridae

• Dolomedes najaBerland, 1938

Dolomedes titan Berland, 1924

Salticidae

Araneo/anna omotipes Berland, 1938 Tonnoomot/p€5 Berland. 1938

Asey/lus pterygodes (l. Koch. 1865)
-

Alhamas whitmeei O.P.Cambridge, 1877 'Athomas ulI/vlllatus Berland. 1'138

Bavia aericeps Simon, 1877
----

Bavia sexpunetata (Doleschall, 1859) floviadul6nervis L Koch, IB79

o Cosmophasis chlorophthalma

(Simon, 1898)
--.I

• Cosmophasis risbed Berland, 1938
--- -

Cytaea fibula Berland, 1938

Cytaea flavo!ineata Berland, 1938
- - -
Hate olbobcinau: Berland, 1938
---
Hasarius adonsoni (Audouin, 1826)

lotus orci-pluvii Peckham (7)
--

o lvcido: nigriceps (Keyserling, 1882) Sal/is nigricep Srmon, 1901
-- ----
Marengo bilineota

Peckham in Rainbow, 1902

Menemerus bivitlotus (Dufour, 1831)

Name currently used Name indicated
according to Platnick in Berland

-- -
o Mollikomicrophlholmo L. Koch, 1881

- -

Muziris wiehlei Berland, 1938
-

Plexippus poykulli (Audouin, 1826)
----- -- -

Soitisoubetti Berland, 1938

Sobasina amoenula Simon, 1898

• Iotorimullispinosus Berland, 1938 i
I

Scytodidae Sicariidae

Diclis slrialipes l.Koch, 1872 ~eylodES SInai/pes l.Koch, 18n.
- ,

o Seylodes lugubris (Thorell, 1887)

Sparassidae I

Heleropoda nobilis (L. Koch, 1875)
------

Heleropoda venaiotio

(Linnaeus, 1767)
-- ~

Prychia gracilis L. Koch, 1875

Tetragnathidae Argiopidae
Leucauge celebesiana

(Walckenaer. 1842)

o Leucaugegranulala

(Walckenaer, 1841) 1

Leucauge hebridisiana Berland, 1938

o Opadomela grala(Cuerin, 1838) Leuwage grato (GII~f1n, 1838)
L.-

Telragnalha keyserlingi Simon, 1890
-----

Telragnalhapanopeo L. Koch, 1872

Telragnalhoprolensa Walckenaer, 1841

Tylorida slriala (Thorell, 1877)
-- ---

Theridiidae

o Argyrodes minialus Dol.

o Argyrodes neocaledonicus

Berland,1924
-

Argyrodes samoensis

O.P.Cambridge, 1880
-

~rgyrodes millialUsArgyrodes miniaceus ArgYlod

(Doleschall, 1857) 1'tfJlkerl Rainbow, 1902

Dipoenopacificana Berland, 1938
----

Nesticodes rufipes (Lucas, 1846) Thericlion flit/pes (tucas, 1846)
-- -- -

Steotoda atrocyonea (Simon, 1880) !J'lhyphanl armcyoneJJS (Slmon, 1880)

Theridion epiense Berland, 1938

Theridion hebridisianum Berland, 1938
------

Theridion ondulalum Berland, 1938
--------

o Theridionpiriforme Berland, 1938

Theridion setosum L. Koch, 1872
--- -

Thomisidae

o Dioeo bipunaoto Rainbow, 1902
-'-

Ozyplilahelerophihalma Berland, 1938
--I

Slephanopis cheesmanaeBerland, 1938
I--



Name currently used
according to Platnick

Uloboridae

Name indicated
in Berland

Name currently used
according to Platnick

lozisgeniculatus (Olivier, 1789)

The Natural HistoryofSanto

Name indicated
in Berland

Ulobofu gemculatus (Olivier, 1789)

Daromulunia gibbosa (L. Koch, 1872) UlobonlS glbIJ05US (l Kor.h. 1872)

Daromuluniatenelfa (L. Koch, 1872) Uloboms b,sttil1M (l Koch, 1872)

Zodariidae

Storena lesserti Berland, 1938

Tangaroadissimilis (Berland, 1924) UIobUflJ5 dl5SIITIilis (BeIJdnd. 1924) o Storena parvula Berland, 1938

SOME ARTHROPODS
AS EXPRESSED IN THE WORDS OF PENAORU VILLAGERS

Bruno Corba ra

During the 45 days I worked in close con tact
with the in habit an ts of Penaoru, some of them
shared with me w ha t is really jus t a small part o f
their vas t knowledge of the biodi versi ty o f th e ir
fores t. They provided this info rmation either in
respo nse to a ques tion I had ask ed , or spontane
ously like, for instance, when I was in vi ted to eat
the sm all , yellow frui t of th e "nahatamb ol" tree
(Dracontomelon viLiense, Anacard iaceae) fou nd on
the pa th lead ing to our study si tes . The minutes
of th ese informal conversations - that were held
in the only langu age we had in commo n , basic
English- have no real sci entific valu e (indeed,
I am no t an ethnologis t) . They only are a tes
tim o ny. Below is a sma ll co llect ion of some of
th ese trivia direct ly or indirec tly re lat ed to forest
arthropods .

This in formation reminds the trop ical bio log ist
an d natu ralis t that I am that our guests -unsur
prisi ng ly - know th eir na tural environment very
we ll (a nd not only from a utilitarian perspec tive ) ,
and that th ey ha ve a very different pe rcep tion of
it than th e Wes tern, sci entifically-bias ed one. An d
as the French anthrop ologist Philippe Descola
- au thor of the recen t book Par-deux nature et
culture- s tresses , I tend to consider tha t, in
Vanua tu or elsewhere: "la preservation de la biodi
versite ne pow'm etre pleinement efficace que si elle
tient compte de cette pluralite des intelligences de la
nature" ( "the preserva tion of biodiversity will be
tot all y efficacious only whe n it tak es in to acco unt
th is p lurali ty o f ways to unders tand nature" ; trans
lat ion mine) .

• • • Aranea
In Penaoru , the word for spider is "parr"' , and
"tepllan '" means "spider web" . The word "parr'" is also
used to designate a hairy, urticant caterpillar whic h
is usually seen hanging to a silk thread and which
is kno wn as "parr'tutun''', as "tutun " means 'hot' or
'burn ing' . This caterp illar was really not considered
a lepidoptera for when I asked if it wo uld become a
bu tterfly, the answe r was "No, no t this on e".

According to my informan ts, som e very so lid and
sti cky sp ider webs , espe cially those that are spun
in th e fork of a tree branc h, are sometimes used
for a pecu liar kind of fishing. Th e fork has to be
cu t at its three ends without destroying the spider
web . Th is unusual device, which migh t look like a
primitive tenn is racket, has to be held parallel and
very close to the surface of the wat er; some grated
pieces of cocon ut are spread onto the upper surface
of the spider web . The fish , whi ch is attrac ted by
the coconu t, tries to catch the bait and consequen tly
sti cks its mouth on the spider web ; then , the fisher
man only has to lift up the devic e to catch the fish .
Unfortunate ly, I was unable to see this de mon strated
as we did not find the appropriate spider species.

• •• Isoptera
In Penaoru, termi tes are called "vi'o" and the car
ton nes t of some species "patut"'. The nest of one
common sp ecies , Naslltitermes nova rum hebruia rum
(Termitidae) , was present ne ar our base camp .
Whi le opening it, my in form ants told me that there
are differ ent inhabitan ts inside of the termite nest.
They cou ld distingui sh th e "/ot'lot"' , which are
numerous , white and tiny, from the "via u'' whic h
are fat and have a black head , and the "panis" whic h
are brown and winged . These different ca tegories
clearly fit with the notion of caste polymorph ism
wh ich distingu ishes workers, soldiers and sexuals.

• •• Diptera
One uniden tified species of Bibionidae was com
mon at the base camp and near the Penaoru River,
flyi.ng around peop le at dusk. The villagers called it
"talman'oro" which means the sp iri t of the flying fox
( "ora" is the word for" flying fox" and" taiman" is the
spirit). Indeed the shape of the head and the colour of
this fly are reminiscent of the fru it bats on Santo .

• •• Hymenoptera
There is only on e species of soc ial was p in San to,
Polistes olivaceus, which is loca lly known for its
vicious s ting, and which is called "o'net" (de r ived
from the English word, "horn et"; sho uld th e use
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o f an anglicized word for this species be seen in
light o f th e fact th at this in vasive wasp p rob ably
on ly recently co lonized th e island?). Th eir nes ts
(Fig. 193) are called "nulnm' o'net". "Nuhun'" is a
generic wo rd for "nes t" ("Nuhun'man'" is also the
co rre ct wa y to say "bird n est", as "man" m eans
"bird") and "nuhun' u'u '" Inean s "ant nest".

Mud wasp nests were very common on the rocks
alo ng the Pen aoru River, especia lly ne ar our base
camp (Fig . 194) . They belon g to th e Sphecidae
Sceli phron laetum (t he co mmo n Paci fic mud
dauber) known locall y as "ururr 'ui" . In the case of
th ese mud daubers , th e word that designa tes th e
nes t is different; people do not use "nuhun", but
"puean" which means "bed". Th e ex planation given
was that "puean" is th e place whe re the "ururrui"
slee p ; the" ururrui" correspond in fact to the very
inhabitan ts of the anim al construc tio n : the larvae
an d the ("sleeping ") nymphs of the sphecid wasp .
According to my informants , there are two dil
feren ts "uru rru i"; so me are brown and others red
dish . Th is is co ns is ten t with the fact th at th e mud
n ests are someti m es occup ied by o the r so lita ry
wasps . Indeed , Claire Villernan t reports to h ave
seen th e po tter wasp (Eu m en idae) Anterhynchium
alecto reu sing th e vacan t cells of S. laetum. A. alecto
is reddish in color.

•• • Ants (Hymenoptera, Formicidae)
and ant-plants

Ants are known locall y as "L I-U"; their nes ts , con
sis ten t wi th th e abo ve- mentio ned term, a re gener
ally called "mlhun 'tHI" . The inha bitan ts o f Pen aoru
- who live near th e sea shore- know th e myrme
co phytic Rubi acea Hydnophywm we ll, althou gh in

Figure 193: "Nukun' o 'net", th e nest of th e polistine wasp,
Po/istes o/ivaceus. Note that the pedicel is covered with a
glossy, dark substance which acts as an ant repellent.

th is area the epiphyte does not seem to occ ur at
alti tudes lower than 500 m a .s.l. , nor does it see m
to grow on low br an ch es. Two local terms we re
given to me to re fer to Hydnophytum: o ne , "nuuun'
u-u" for a n t nest , and m ore specifica lly "u-u mis
sal", w ith "missal" correspo nd ing to "someth ing to
ea t" ; the meaning here being that the an ts ea t th e
flesh of the plan t tuber which consequen tly is hol
lowed ou t (t his in formation is based on intervi ews
wi th seven villagers; five males , and two fema les ) .
One parti cul ar use or these epiphyt es - o th er th an
cu tti ng th eir flowers to decorate h o uses- was also
exposed: in the past , in case of a major conflict
("jealousy") be tween people, Hydnophy tum tubers
were used as a k ind of "poison". They we re hid
de n in th e irriga tio n ca na ls o n th e taro pl antation
(Colocasia esculanta, Araceae) cu ltiva ted by th e tar
geted vic tim; co nsequently, the taro tubers progres
sively acquire d a very bad tast e w hich seem ingly
rendered th em inedibl e.

Figure 194: Locally called "ururr'ui", the common Pacific mud daub ers Sceliphron /aetum (Sphecidae) build th eir nests on the rocks
along the Penaoru River.



INDIGENOUS LAND SNAILS
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Vanuatu is one of the Pacific coun tries where the
terrest rial mala co fauna has rece ived m os t atten
tion , with works by Alan Solem , publish ed in
1959-1962, that remain the s tanda rd refe rence on
the lan d snails of Vanua tu . A. Solem (who ac tua lly
neve r visit ed Vanuatu himself) , co mpi led and revis
it ed all the pr evious li tera ture an d added results
of his own studies o f mu seum co llec tions . As a
result , 59 indigenous or cryp togen ic land snai ls
sp ecies are known from San to (a cryptogen ic spe
cies is defined as a species whose status - indig
enous or in trod uced - is undecided), including
seven which are res tr ic ted to the neighbouring
islands of Malo and Aore. Most species revi ewed by
A. Solem had been collected from the sou theas tern
part of the island, which is th e most impacted by
agri culture . A handfu l of species or iginated from
the Tabwernasana range, bu t almos t no thing was
known of the mo untaino us and Iores ted areas of
the islan d (part icu larly the northern half of Cape
Cu mberland ).

Solon's wor k upda ted the so mew hat poor knowl
edge on some groups . Ind eed, spec ies are often
described. twice or even mo re by resea rchers who
are no t aware of previous descriptions: as a result,
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several names wi ll turn out to represen t a synonym
onl y. Th e gen us Partuia for instance was give n as
having 12 species in Santo . According to Solem,
five on ly are valid , an d there mi ght be even fewer
true bio logi cal species. On th e other hand , our
own sampling revea led species new to science , and
several new reco rds for th e island.

• •• Fauna characteristics
Although land snai ls are fam ou s for th eir slow
motion , some of th em have succeeded in reach
ing the most remote isla nds by passive dispersal
(rafts torn off by hurricanes and migratory birds
are hypothe tized as possible dispersal agents) . The
isolat ion and further evolution of these species,
once ancho red in a new island , resu lts in a real
taxonomic signa ture. Usu ally, the more iso lated
the island is , th e h ighest th e level of endemism is.
San to is part of a large archipelago, with several
neighbouring islands; the level of endem ism of
San to itself (26 species , i.e. 44 %) is th us not as
h igh as in more rem ote islands , alt hough 41 sp ecies
(69 %) are ende m ic to Vanua tu . The island mala
cofauna has three Vanua tu ende m ic su praspec ific
taxa : the genera Dipiomorprui , Pseudosesara and
Retichoropa. re prese nting six species .

Figure 195: Range of selected indigenous mollu scan fam ilies found in Santo. Beside large range families (such as Helicinidae) , the
fauna is at the crossroad of several influences: Polynesian (such as Partul idae), southw estern Pacific (Atho racopho ridae), Asiatic
(such as Trochom orph idae), New Caledonian (Draparnaudii dae).
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Figure 196: Cryptogenic species of Pacific Islands, including Santo. A: Gastrocopta pediculus (Gastrocoptidae), Linua, Torres Islands.
B: Gastrocopta pediculus (Gastrocoptidae), Matantas, Santo, h= 2.5 mm. C: Coneuplecta microconus (Euconulidae), Matantas,
Santa , h=2.8 mm. 0 : Coneuplecta microconus (Euconulidae), Sakao Island, Santo. E: Lamellidea pusil/a (Achatinellidae), Matantas,
Santo, h=3.0 mm. F: Elasmias apertum (Achatinellidae), Tegua, Torres Islands, with one brooded juvenile visible inside the last
whorl. G: Elasmias apertum (Achatinellidae), Matantas, Santo, h= 2.1 5 mm. H: Liardetia d. discordiae (Euconulidae), Matantas,
Santo, h=2.1Smm.l: Liardetia cf. discordiae (Euconulidae), Butmas, Santa. (Scale bar: 1 mm, x12).

As a resu lt of several colonizing events , th e land
snail fau na of Vanuatu in genera l, and Santo in
part icular, exhibits an inte res ting mixture of influ
ences from various regio ns (Fig. 195):

• Wes tern Pacific Islands (particul arl y Papua
New Guinea and Solomons) and more broadly,
Asia: families Troch om orphidae, Rhytididae an d
some genera amon g Euconulidae ;
• Austra lia , New Zea la nd and Ne w
Caledo nia: Placost ylid ae, Atho racop horidae,
Draparna udiidae ;
• Eas tern Pacific (Polyn esia) : Pa r tulidae ,
Charopidae, Endodontidae and some gene ra
amo ng Euconulidae and Assimineidae .

Th ese three compo nents form relatively equa l
portions of the fauna. To this clea rly indigenous
fauna mus t be added seven bro ad-range crypto
genic spe cies (Fig. 196) .

Ende m ism withi n isl an ds ex is ts in Sa n to .
Although so me spec ies can be found everywhe re ,
o the rs show a lim ited range. These range res tric
tions can result of geo logy (Gonatoraphe f orni
cata, ve ry abundant on limestone, is co mp letely
absent fro m the western -volcanic- part of
th e isl and) or altitu de (one species of Py thi a
an d ano the r bel on gin g to Eucon u lidae we re
only found in th e Bu tmas uplands, Pseudosesara
tobwemasanarui is restricted to the Tabwernasana
summit ). A striking characteris tic of th e mol
lu sc fauna in Santo is its poverty in hig h altit ude
clou d forest s , both in terms of species di versity
and of indi vidual abundances . In such habitat s
above 1 000 m a.s.l., a sea rch by two per sons dur
in g one hour wo u ld typicall y yie ld one to three
species each represented by one or two ind ividu 
als , wh ich is very poor compared to other Pacific
volcani c islan ds .



Considering the number of already known species
and the species found during Santo 2006 which
had not been recorded before (a dozen species),
it is probable that more than 80 species should be
expected on the island. Alpha diversity (the num
ber of species in a given area) seems to be similar
to New Caledonia but lower than in the Solomons:
in Santo, a rich station on limestone would yield
20-25 species, or 15-20 species in forest on volca
nic soil (vs 30-40 in the Solomons) .

• •• Conservation
During the 2006 expedition, c. 30 indigenous spe
cies were found alive, but knowledge on the native
fauna is too scarce to assess the conservation status
of each single species. In the Cumberland range,
the degradation of the forest by introduced plants
might be a source of trouble for species living at
low altitude. In the eastern and southern parts of
the island, the habitat has been deeply modified for
agriculture (cattle and coconut plantations), and
the fauna has probably been impacted. However,
in these areas, there are still many limestone out
crops covered with vegetation that harbour a rich
indigenous mollusc fauna, and act as refugium
for limestone-dwelling snails. One family seems
to have disappeared from Santo, the Partulidae:
we did not find a single Partula shell, and a sur
vey in villages in Santo and neighbouring islands,
showing partulid shells to inhabitants, revealed
that they do not know these species, whereas they
are well aware of Placostylidae. These extinctions
might be linked to the introduction of Euglandina
rosea, which is well-known for its devastating
impact on partulids and achatinellids in Polynesia
(see "Focus on alien land snails" in section "Man
and nature").

• •• Collecting
A visitor familiar with faunas of temperate regions
coming to Santo would immediately be struck by
the numerous arboreal snails he would find in the
forest. Indeed, the Santo fauna, as in most tropical
areas, is characterized by families being partly or
completely arboreal (Assimineidae, Helicinidae,
Placostylidae, Partulidae). They favour trees with
large and smooth leaves, and are often found on
the underside of the leaves, probably as a pro
tection against predators and heavy rains. Other
species may live on the floor, in the soil, under
rotten leaves, on rocks or on grass in wet places.
Population density and species diversity are usu
ally higher on limestone. However, the local
abundance of species depends greatly on micro
habitats: damp, hidden places at the base of rocks
or trees are often much richer than flat ground a
few meters away.

For sampling, once a good habitat and micro
habitat have been found, the main problem that
should be overcome is the size of these animals:

The Natural History of Santa

most snail species are minute (less than 5 mm
when adult), brownish, and finding them by eye is
not easy. Sieving the leaf litter is the solution. The
first sieving is done in the field, with a 1 cm mesh
Winkler sieve where litter that has accumulated
in depressions, below rocks or between buttresses
is processed. The fine fraction is stored to be pro
cessed later: after having been dried, the leaf litter
is sieved once more through several mesh sizes,
down to 0.66 mm. The dust which passes through
the smaller sieve is discarded, and the remaining
fractions are thoroughly searched for snails, with
the help of a stereomicroscope for the smaller ones.
This allows getting small species in abundance,
together with rare species.

However, collecting by hand-picking in the field is
still necessary, for several reasons:

• large species are usually not very abundant,
and will not be found in the sieving
• for arboreal species, only empty shells are
found in the leaf-litter
• as the leaf-litter has to be dried before siev
ing, the snails are dead by the time they are
extracted.

For these reasons, it is necessary to spend at least one
hour on a station to look for live specimens, to take
pictures, get an idea of their habits and collect live
specimens for anatomical and molecular studies.

Litter collecting can be standardized by sampling a
standard amount of litter. This allows to assess the
relative abundance of snail species and thus char
acterize communities in different habitats.

During Santo 2006, sampling was done by all
these methods (hand picking, standardized and
non-standardized litter sieving). Altogether, 96
stations were sampled, including 25 in the most
anthropized area (eastern and southern parts of
the island), 23 above 500 m a.s.l. (Cumberland,
Butmas) including four above 1000 m a.s.l., and
60 on limestone.

• •• Family accounts
Land snail faunas comprise two basic types of
snails: those with an operculum (a horny or calcar
eous plate situated on the tail of the body, which
closes the aperture when the animal retracts into
the shell), which have the eyes at the base of the
tentacles; and those which lack an operculum and
have their eyes at the tip of the tentacles. The fami
lies occurring in Santo are briefly presented below:

••• Families with operculum:
• Assimineidae (Figs 197G &: 197H)

The family Assimineidae comprises species smaller
than 10 mm, with a shell predominantly conical.
Three species are known from Santo, two arboreal,
the other one living on the forest floor. They can be
very abundant, especially in disturbed ecosystems
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Figure 197: Operculate land snail species of Santa. A: Sturanya cf. albescens (Helicinidae), Piaraa, Santa. B: Sturanya cf. albescens
(Helicinidae), Sakaa Island, Santa, d=6.2 mm. C: Pupina brazieri (Pupinidae), Butmas, Santa. 0 : Pupina brazieri (Pupinidae)
(Halatype), Erramanga, h=5.7 mm . E: Sturanya sublaevigata (Helicinidae), Sakaa Island, Santa, d=7.2 mm. F: Sturanya cf.
subla evigata (Helicinidae), W Luganville, Santa. G: Omphalotropis conella (Assimineidae) , Sakaa Island, Santa, h=5.5 mm .
H: Omphalotropis poecila (Assimineidae), W Luganville, Santa. I: Gonatoraphe farnicata (Pateriidae), Butmas, Santa, d=8.4 mm .
J: Gonatoraphe fornicata (Pater iidae), Sakaa Island, Santa. Nate the aperculum an the tail. (Scale bar: 5 mm, x8) .
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Figure 198: Small to minute land snails of Santa. A: Nesapupa sp. (Vertiginidae), Sakaa Island, Santa. B: Nesapupa sp. (Vertiginidae),
Sakaa Island, Santa, h= 1.8 mm. C: Palaina sykesi (Di plammatinidae) , left: probably a female, h=4.0 mm; right: probably a male,
h= 3.3 mm, Matantas, Santa. 0 : Palaina sykesi (Diplammatinidae), Matantas, Santa. E: Reticharapa sp.1 (Endadantid ae), Matantas,
Santa . F: Reticharopa sp.2 (Endada ntidae), Matanta s, Santa, d=2.8 mm. G: Reticharapa latecasta (Endadantida e), Matantas,
Santa, d=2.0 mm. H: Reticharopa sp.3 (Endadontidae), Port Olry, Santa, d= 2.0 mm. I: Phrixgnathus glissani (Endodantidae), Port
Olry, Santa, d=4 .3 mm. J: Phrixgnathus n.sp. (Endodontidae), Port Olry, Santo, d=4.4 mm. K: Phrixgnathus n.sp. (Endadontidae),
Butmas, Santa. (Scale bar: 1 mm, x12).

whe re they represent up to 75 % of the shells in
s tandardized samp les.

• Diplommatinidae (Figs 198C &: 198D)
Diplommatinids are sma ll to minu te snai ls , with
an ornamented shell. In Santa , two sp ecies are
known. They hav e a rib bed she ll , and have th e
unusual characteristi c o f being left -hande d :
when viewed from th e fron t, th e ap erture is on
the left (in most snail speci es, i t is on the righ t) .
They are ground-dwelling species . In both spe
cies, shells are distribu ted in two size class: it is

be lieved th at thi s represents sexua l cl imorphism ,
th e larger she lls prob ably be lo ngi ng to females.
The y are more co mmon in undist urbed fores ts ,
w here th ey account for 20-60 % o f sh ells in stan
dard ized sam ples .

• Helicin idae (Figs 197A, 197B, 197E &: 197F)
Species belonging to this family share shell charac
teristics that rend er them immediately recognizable:
a little less than 1 cm in diameter, they are usually
dome-shaped , the suture between whorls is poorly
marked, and the umbilicus (axis hole at the base of
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the shell) is hidden by a heavy callus. The y are ofte n
bright ly colored, pin k, yellow or brown , some times
with darker spiral bands . However, if identi fying a
snail as a helicinid is easy, the lack of sculpture on the
shell and the variabi lity of color patt erns make spe
cies discrim ination very difficult witho u t dissect ion .
Two species are arboreal. They are among the most
obvious indigenous land snai ls in Santa , thou gh they
are less abundant than sma ller, less visible species.

• Hydro cenidae
If it was not for th eir vivid orange calor, these tiny
(less than 2 mm long) land snails would be almost
impossibl e to find by eye on the rocks and dead leaves
where the y live. However, they can be amazingly
abundan t in sieve d leaf-li tter, especially in humid
environmen t (up to 50 % of the shells collected in
stanclardized samples) . Th ey where un known from
San ta pri or to the 2006 Expedition.

• Pot eriidae (F igs 19 7! & 197J)
In Santa , th e on ly m em ber o f this fam ily,
Gonaio raphe [ornicata , is u nm ist akabl e with its
large size (c. 1 cm in dia meter), flattened shell and
round ape rt ure . It is on ly fou nd in limes ton e areas,
where it can be very abundant. It is a rock and
ground dweller.

• Pupinidae (Figs 197C & 1970)
The ovoid , smooth and glossy shell of Pupina
brazieli , the only me mber of this family in San ta,
is remarkable and unmis takabl e. A so il-dweller,
this small (5-7 mm lon g) spec ies is often found
in numbers in the fall en fronds of pa lm- trees or
tree- ferns .

• Trunca tellidae
Th e so le member of this family in Santa, Truncateua
gue rinii, has an elongate d and heavily ribbed shell ,
which is tru ncated at th e apex in adults (hence the
famil y an d gen us nam es) . I t should be looked for
in lowl and areas , clos e to the sea.

••• Families without operculum
• Acha tinellidae (F igs 196E, 196F & 196G)

This fam ily has radia ted all over the Pacific Island s and
reaches its maximu m diversity in eas tern Polynesia. In
Western Pacific, the shells are minute to sma ll, thin ,
conical, and more or less elonga ted, depending on
the species, genera lly wit h teeth inside the aperture .
Most are arboreal and can be foun d on the leaves and
tru nks of shrubs and trees . Both San to species have a
large range in the Pacific ocean and are typically cryp
togenic species: they migh t have been spread all over
Pacific Islands by ear ly Melanesians and Polynesians,

Figure 199: Indi genous slugs (Athoracophoridae, Aneitea spp.) of Santo. A: Ground-dwell ing species, Beesel Valley, Cumb erland
Range, Santo. B: Arboreal species, East Coast, Nanda Blue Hole, Santo. C: Athoracophoridae can be found in high density in rotten
wood, Tasmate, Lalautei ridge, Santo. 0 : Mating, Port airy, Dionn Island, Santo, and egg laying, Sakao Island, Santo. Note th e diversity
of color patterns.
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Figure 200: Succineidae, Draparnaudiidae and Rhytididae of Santa. A: Succinea kuntziana (Succineidae), Pwatmel, Santa. B:Succitiea
kuntziana (Succineidae), Pwatmel, Santa, h=8.7 mm. C: Draparnaudia walkeri (Draparnaudiidae), Butmas, Santa. D: Draparnaudia
walkeri (Draparnaudiidae), Beesel Valley, Cumberland Range, Santa, h=7.9 mm. E: Ouagapia santoensis (Rhytididae), Sakaa Island,
Santa. F: Ouagapia santoensis (Rhytididae), Butmas, Santa, d=5.8mm. Nate the wide umbilicus. (Scale bar: 5 mm, x8).

or could have reached all these places through pas
sive dispersal without human help.

• Athoracophoridae (Fig. 199)
These large (6-7 cm long) slugs belong to a south
western Pacific family, ranging from New Zealand
and the Australian East coast to Papua New Guinea
and New Caledonia. Some species mimic veined
leaves, and their color varies from white to dark
grey, ground-dwelling species being brownish.
In Santo , they are abundant in many areas, even
degraded, and often gather in large numbers under

the bark of decaying logs. Some species are arbo
real, and they seem to be nocturnal, being hidden
during the day and wandering on tree trunks at
dark. Four species are known from Santo .

• Charopidae
These small ground-dwelling snails have a flat shell,
usually with a sculpture of dense radial ribs, somewhat
ressembling Endodontidae (Fig. 198). Due to their
small size and brownish color, they are mostly found
by sieving. One species only is known from Santa, but
new species are expected as more material is studied.
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• Draparnaudiidae (Figs 200C &: 200D)
With only one member in Santo, this family
endemic to New Caledonia and Vanuatu is easily
recognized, with its medium (6-8 mm long) coni
calleft-handed shell. Draparnaudia walheri lives on
the forest floor.

• Ellobiidae (Figs 201H &: 2011)
Ellobiidae are predominantly coastal and estuarine
snails, living on the high tide mark, or just above it. In
Santo, some species live on the shoreline, but a larger
one lives in the lowlands and can be found several
hundred meters from the sea. Another species was

Figure 201: Euconulidae, Trachamarphidae and Ellabiidae of Santa. A: Oendrotrochus sp.l (Euconulidae), Mt Vautmaru, Cumberland
Range, Santa. B: Trochomorpha rubens (Trochornorphidae), Tasmate, Santa. C: Trochomorpha rubens (Irochornorphidae), Tasmate,
Santa, d= 12.8 mm. 0: Oendrotrochus sp.2 (Euconulidae), Beesel Valley, Cumberland Range, Santa. E: Oendrotrochus sp.2
(Euconulidae), Beesel Valley, Cumberland Range, Santa, d= 13.1 mm. F: Oendrotrochus layardi (Euconulidae), Millenium Cave,
Santa, h= 12.2 mm. G: Oendrotrochus layardi (Euconulidae), Matantas, Santa. H: Pythia sp. (Ellabiidae), Sakaa Island, Santa,
h=27.1 mm. I: Pythia sp. (Ellabiidae), Tegaa, Tarres Islands. (Scale bar 10 mm, x3).
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unex pec tedly found in the Butm as upl and, 600 m a.s.1
and probably represents a spec ies new for science.

• End od ontidae (Figs 198E -K)
Endodontidae rep resent a family which has unde r
go ne an important rad iati on in th e Pacific Island s.
Th ese small (usually no mor e th an 5 mm in d iam 
eter) snai ls have a flat and ro un de d she ll, often

charac terized by radial ribs. Due to th eir small size
an d du ll co lor , they typically represent th e kind of
sna ils that can only be foun d in large quantity by
sieving . They are s tr ic tly groun d- dwe llers , and eas
ily escape sna il co llecto rs : as a resul t, th is family is
proba b ly a reser voir o f species new to science in
Vanua tu. Indeed , our samplings revealed a s peci es
previou sly unknown to sc ienc e which see ms to be

Figure 202 : Large sna ils of Santa . A: Placostylus bicolor (Placastylidae), Pwatmel, Santa, h = 25.2 mm . B: Placostylus bicolor
(Placostylidae), old individual, Butmas, Santo, h =43.6 mm . C: Placostylus bicolor (Placastylida e), Beesel Valley, Cumberland
Range, Santa , h= 34 .4 mm . D: Diplomorpha sp. l (Placos tylidae) (te rrestria l speci es ), Tasmate, Sa nto, h=34.5 mm . E: Diplomorpha
sp. l (Placostylidae) (te rres tria l s pec ies), Tasmate, San to. F: Diplomorpha delautouri (Placostylidae), Butm as, Santa , h = 23.4 mm.
G: Diplomorpha delautouri (Placostylidae), Dionn Island, Port airy, Santo. H: Diplomorpha bernieri (Placos tylidae), Butmas, Santo,
h =29.1 mm . I: Partula sp. (Partulidae), Port airy, Santo, h= 25 .1 mm. Specimen from mu seum collections. (Sca le bar 10 mm, x2) .
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widespread on the island, as it was found in Butmas
and Port Olry. Around ten species live in Santo,
they are mostly found in undisturbed habitats.

• Euconulidae (Figs 196C, 196D, 196H & 1961;
Figs 201A & 201D-G)

This large family exhibits a wide array of shapes,
from smooth, rounded flat shells to conical and
ribbed ones, with or without an angular periph
ery (keel). Their size ranges from small (4-5 mm
diameter) to medium Cl cm diameter), some are
ground-dwelling, others are arboreal. Most species
have a corneous translucent shell, but some are
light colored, whitish to brownish, sometimes with
darker spiral bands, and an appendice is gener
ally visible at the end of the tail. A dozen species
should be expected on the island. Euconulidae are
abundant in most samples, representing 10 to 60 %
of collected shells in standardized samples. Some
Euconulidae have a restricted range within Santo:
a small species, new to science, with characteristic
large radial ribs on the shell was only found near
Butmas; a large (sub lspecies was only found on the
summital ridge of the Cumberland range.

• Gastrocoptidae (Figs 196A & 196B)
Gastrocopta pediculus is another example of crypto
genic species. It is found all over the Pacific, usu
ally in lowland areas, and can be very abundant on
the soil in sandy coastal areas. It has a minute shell,
whitish, with a toothed aperture, and is usually
only found after sieving the soil and leaf-litter.

• Partulidae (Fig. 202l)
This Pacific Islands family has large (c. 2 cm long),
elongate oval to conical shells, with the aperture
often thickened. They are exclusively arboreal. They
are famous for having been decimated in Eastern
Polynesia, due to habitat destructions and preda
tion by the introduced Euglandina rosea. Indeed, five
species were known from Santo and neighbouring
islands, but they seem to be extinct now. In Vanuatu,
this family still survives at least in the Torres Islands .

• Placostylidae (Figs 202A-H)
In Santo, the five species of Placostylidae are the
largest indigenous land snails. This Western Pacific
family ranges from northern New Zealand to the
Solomons and Fiji. The snails have a thick and
elongated shell, and seem to be nocturnal, being
hidden under stones and logs during the day. A few
species are arboreal. As the shells are quite solid,
they remain a long time on the ground, and can
still be found in large numbers in degraded areas
where no live animals are found nowadays.

• Rhytididae (Figs 200E & 200F)
The Rhytididae are carnivorous, feeding on other
small snails or soil invertebrates. Two species
belonging to the genus Ouagapia are known from
Santo. They have a small flat shell and live on the
forest floor.

• Succineidae (Figs 200A & 200B)
Succineidae have a peculiar pear-shaped fragile
and reduced shell. In Santo, Succinea kuntziana is
a ground-dwelling species, sometime found on the
leaves and stems of low vegetation, and usually not
too far from freshwater.

• Trochomorphidae (Figs 201B & 20IC)
One species is known from Santo. It has a medium
(ea. 1 cm diameter) sized dome-shaped shell, the
last whorl keeled, and is often found under logs
and dead wood.

• Vertiginidae (Figs 198A & 198B)
This family was previously unknown from Santo.
Nesopupa spp. are tiny snails, with: a toothed aper
ture, living on the bark of trees trunks and on
rocks. Although rare, it was found all over the
island, for instance near the village of Tasmate,
on the West coast, on the island of Sakao, on the
East coast, and near Matantas in Big Bay, suggest
ing a large distribution on the island. This shows
that a widespread species can escape collecting for
decades if it is minute enough.
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compared with 12 days in the higher mountains.
The habitats may be highly diverse especia lly at low/
medi um eleva tion, in sit es impacted by humans.
Large pa tches of natural dr y/semi-humid fores ts
remain, with secondary forests where logging or
clearing has occurred, with Melanesian gardens, old
coconut plantations and pastures. This is particularly
true at low elevation in the southe rn part of the island
and especia lly in Lugan ville and Saraoutou area .
Luganville suburbs themselves are immediately in
contact, witho ut trans ition , with these diverse habi
tats. Small private garde ns, ope n fallow lands, parks
and riverside vegetation in the town are rep laced
rapidly at the periphery by a heterogeneous agri
cul tural landsca pe domin ated by pasture s, cocon ut
plantations and patches of forest. Medium elevation
(l00-300 m) sites are less complex, large pastures
and coco nut planta tions were usually absent or occu
pied only a limited area. Such sites have considerable
habitat diversity, although dominated by different
forest types and forest birds can potent ially be found

The avifauna ofVan uatu plays an imp or
tant role in the understanding of sou th
Pacific biogeography, and has been
the subject of atten tion from scientists
and ornitho logists since the end of the
nineteenth cen tu ry. Several exp editions
during the beginning of the twentieth
century improved our knowledge. In
1945 Mayr publish ed the firs t compre-
hensive lis t which was subsequ en tly
con firmed by Medway and Mars hall
in 1975 , and more recently by Bregull a
in 1992. Santo , the largest (3959 km -)
and highest (l879 m) island of th e
archipe lago has diverse, mostl y for
ested habitats an d has received special
attention by all these authors. Thus the
objectives of the San to 2006 exp edition
were focused more on determin ing
bird dis tr ibu tion, habitat preferen ce,
conservat ion status, and where pos
sible community composition .

• • • Material and methods
The terrestria l co m po ne nt o f the
Santo 2006 expedi tio n took place in

Oc tobe r-December 2006 , the aus tra l spr ing and
the b reedi ng season for most spec ies whe n th e
bird s are most ac tive , thus making their de tec
tion easier. Despi te occasiona l obse rvations of sea,
coasta l and wet lan cl birds , we focused our atte n tion
on terres trial bir ds and have res tr icte d this note to
th ese birds. The three au thors each spent a total of
about on e month on Santo, th ey belonged to three
different scientific teams of the Expedition, and
worked independ ently in bo th the same and dif
feren t si tes on the island. Altoge ther, 74 days we re
ded icat ed to bird record and observa tion. Th e sur
vey si tes (Tabl e 18 & Fig . 203) were clus tered in
five classes reflecting a decreasing degree of human
disturban ce from urban areas to nati ve forests, and
in creasing elevatio n , from sea level to the high est
sites surveyed a t th e top of the Cumberland range.
Th e names of the si res are reported , as well as th e
surveying effort (i.e. number of da ys spent at each
habitat class, number of survey si tes and number of
surveys for each habitat classes).

Effort was no t related to habi tat class: nine days in
Lugan ville, a sma ll tow n of c. 3 km length wate rfron t,

Visited sites:* This study
• Previous stud ies

o 10 20 km
I

Figure 203 : Survey sites of bird communities.



Ta ble 18: Survey sites, description and effor t
(Not e: Numb ers in brackets includ e surveys by others, in sites in italic characters in the Locality column - refer text)

Habitat Type Description Altitude Days Sites Surveys Localities

Urban site Urban Low elevation 9(9) 1(1) 3(3) Luganville
(0-30 m)-- -- •

Secondary lowland sites Villages, cultures, pastures, coconut Low elevation 31 (367) 5(6) 6(7) Sa raoutou,
plantations, dealings, secondary forests, (0-60 m) Tasmate, Port
coastal dry fares Olry, Matantas,

Penaoru, Loru
--- ---- -- - --

Secondary medium elevation sites Villages, raditional gardens, clearings, Medium low I 14(22) 2(4) 4(6) Butmas, Penaoru,
primary (most) and secondary crests elevation Apuna, Hog

(100-300 m) harbour
- - -- -

Primary medium elevation forests Wet primary fores on slopes and hill Medium-high 8(15) 2(3) 3(4) Butmas (hills),
elevation Penaoru (slopes),

--l
(600 m)

•
Tsaraepae

- - --
Primary mountain forests Wet primary mountain forests and ridges High elevation 12(20) 1(3) 4(6) Penaoru,

(900-1200 m) Cumberland,
Wunarohaehare
Nokovula

-

TOTAL 74(1021) 11 (17) 20(26)

in all si tes. High eleva tion habitats (600-1 200 m)
consis t main ly in well preserved or ligh tly dis tur bed
forests. Vegetation is described in "Vegetation and
Flora" in th is book.

In orde r to increase the data set, we have incl uded
da ta co llected, main ly in the southwestern part of
Sant o , by:

• Medway and Mars hal l in 1975 who s pe n t
four days at each of th e following sites: Apuna
River (altitu de 100 m) , Hog Harbor 060 m ) ,
Nokovula (1 120 m );
• Kratter and coau thors in 2006 who mis t-ne t
ted seven da ys at Tsaraepae (5- 700 m) and four
days at Wunarohaehare (600-1 200 m);
• Bowen in 1997 who visited the Loru protec ted
area (0-120 m) for several (five ") days (Fig. 203) .

Most of these studies were made in Septem be r
November. In table 18, we indicate in brackets th e
tota l tim e an d the nu m ber of sites and pro spections
for each of the five major habit at types prospected .

Sinc e inventory methods and survey effort be tween
observe rs were not uni form (Ta ble 18) , we reco rd
on ly whe ther the bird species was observed or no t
(i.e. presen ce/absence data) at eac h survey site.
Nevertheless , with the objec tive o f presen ting the
abundance of the bird species for each habit at class ,
we calcu lated th e percentage of su rveys where th e
species was recorded .

Excep t for the Vatthe Conservat ion Area in th e
humid for est adjacent to Matantas village (and the
Loru Pro tected Area) , none of the study si tes we
su rveyed were under legal or cus tomary pro tec
tion . Trad itional hun ting us ing bows or ca tapu lts is

in favour am ong chil dren and men in all tri bes vis
ited. Wild b irds, especially pigeo ns and silvereyes ,
are co ns idered to be an important so urce o f prote in
and are spe cifical ly collected.

• • • Results

.. . Spe cies ric h ness
Forty-five spec ies were recorded during our st udy
(Table 19). This is less than Bregulla who list ed
50 species in 1992, bu t more than Medway an d
Ma rsha l], and Kra t ter and coa u thors w ho found
41 species in 19 75 and 35 spec ies in 2006 respec
tively. In 1997 Bow en restricted his survey on low
elevation habi tats and therefore list ed only 25 spe
cies (Table 20 ). Th e lis t of Bregu lla includes birds
wh ich hav e no t been observed by any of the four
expedi tions (Ta ble 20 ). Th ese are two nati ve spe
cies , the Fan-tailed Cuckoo and th e White-rumped
Swiftlet and tw o introdu ced species , the House
Sparrow and the Chestn u t-breasted Mu nia . The
firs t two are well known by one of the au tho rs
(N .B.) in New Caledonia an d th e pro bability is low
that we missed th em . Q uite in tens ive and careful
surveys wer e made in Luganville an d its vicini ty
wh ere the two introdu ced gran ivoro us birds were
not seen . They are no t es tablished if they we re eve r
in troduced and are considered absent.
We add one spe cies to the lis t of Bregull a: th e feral
Rock Pigeon wh ich occ urs in Lugan ville (a gro up of
10 birds es tablishe d aro und the ma rk et ) and in the
suburbs. It was not reco rded in previo us surveys.
Regarding native s pec ies, th e s ta tus of one of them,
the Santo Mountain Star ling is problemati c. T his
island endem ic has not been observed by an y of the
survey team s despite a to tal of 20 da ys being spent
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by ornithologists in different sites of its preferred
habitat, the primary mountain forests (Table 18).

••• Degree of endemism and species on the IUCN
(2006) red list

Among native birds recorded by Bregulla in 1992
at Santo, 13 have a wide distribution in the Pacific
region, 21 are represented by a specific subspecies
in Vanuatu, ten are Vanuatu endemics at the spe
cies level (including the Mountain Starling and the
Santa Cruz Ground-Dove exclusive of Santo) and
one, the Buff-bellied Monarch, at the genus level
(Table 19).

Our observations show that four exotic species are
naturalised in Santo. They were introduced either
by Melanesian settlers during their colonisation of
the south Pacific during the last 3000 years (Red
]unglefowl) or by Europeans during the last cen
tury (the remaining three species, Table 19). The
Common Myna was not recorded in Santo in 1944
by Scott, as quoted by Medway and Marshall, who
found the bird widely dispersed in urban, subur
ban and agricultural areas except in the northern
and northeast settled strips in 1971. The Black
headed Munia is believed to have been released in
Luganville in 1960. Medway and Marshall saw the
bird only in Luganville and Aore, the island in front
of Luganville on the other side of the Segond chan
nel, during their 1971 survey. The Rock Pigeon
is restricted to Luganville area and has not been
reported before. None of these three species were
recorded by Kratter and coauthors in 2006. Among
the native birds, ten are on the IUCN red list
(Table 19): Santa Cruz Ground-Dove (Endangered);
Vanuatu Megapode, Baker's Imperial Pigeon,
Palm Lorikeet, Chestnut-bellied Kingfisher, Royal
Parrotfinch and Mountain Starling (Vulnerable);
Thicket Warbler, Rusty-winged Starling and Tanna
Fruit-Dove (Near Threatened).

••• Habitats used by bird communities
The 45 species recorded are distributed depending
on elevation and habitats. They can be classified
according to their site preferences from urban and
cultivated habitats at low elevation to undisturbed
forests in the Cumberland range. We recognize
five groups: lowland birds, ubiquitous birds, ubiq
uitous birds excluding urban areas, low/medium
elevation birds and birds restricted to high eleva
tions (Tables 20 & 21).

• Lowland bird communities
All the sites studied in lowlands (0-300 m) are
more or less disturbed and modified by human
occupancy and activities. They are distributed from
see level to about 300 m (Luganville and villages of
Saraoutou, Tasmate, Penaoru, Matantas, Butmas).
Five birds, among which three are introduced, are
restricted to this level and were not observed in
higher sites: natives are the Pacific Swallow and
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the Swamphen. The Pacific Swallow was recorded
breeding in Luganville (two nests) and in the cliffs
of Matantas area (where it hunted flying insects
with Woodswallows and Glossy and Uniform swift
lets). The three exotics are recently introduced
birds: the Rock Pigeon seen in Luganville and the
vicinity (two different groups), the Common Myna
and the Black-headed Munia. It is in urban and
agro-pastoral habitats that these two species are
the most abundant. They are particularly common
in the harbour site, in gardens and fallow lands of
the town and in grassy habitats along roads. The
Myna is strongly attracted by cattle and has there
fore high densities in all coconut plantations/pas
tures grazed by cattle, especially at Saraoutou. The
Myna was also recorded at Matantas, Butmas (two
birds), Penaoru village (one bird) and Tasmate
(one bird).
Out of Luganville, the Munia was seen along roads
and tracks at Saraoutou, Matantas (large flocks
over 50), Butmas (two birds), Penaoru (five), and
Port Olry (5-6 birds).
Birds of this lowland group cohabit with the most
important group of ubiquitous birds at the lower
level of their range.

• Ubiquitous bird communities
This is the most important group, composed of 16
highly adaptable species showing no altidudinal
zonation and able to live from urban habitats to
mountain forests. Fifteen out of the 16 are natives.
However, the aboriginally introduced ]unglefowl
has the behaviour and the ecological requirements
of a native species, restricted like most of them to
forest habitats (the bird contacted in Luganville was
in a secondary forest and should be the domestic
form). This group contains species which favour
open cultivated habitats (Woodswallow, Rainbow
Lorikeet, swiltlets), secondary scrubs, lowland for
ests and clearings (Silvereye and White-eye, Gray
Fantail, Emerald Dove, Long-tailed Triller, Cardinal
Myzomela, Collared Kingfisher), as well as second
ary or undisturbed lowlands and premontane for
ests (Tanna and Red-bellied Fruit Doves, Streaked
Fantail, Golden Whister). Most of them are very
common at each altitudinal level and each habitat
type, including the Tanna Fruit-Dove, the only
endemic species of the group. This dove was seen
twice in Luganville, and 80 % of the surveys from
low elevations to premountain forests recorded it
(Table 21). Its frequency decreases at higher alti
tudes where only 50% of the surveys recorded this
bird. Despite being common, it is classified as Near
Threatened by the IUCN.

• Ubiquitous (excluding urban areas) bird
communities

This is also a large group of 14 birds which have
the same characteristics than the previous group
but avoid urban (Luganville) habitats. They gener
ally show a preference for forest habitats and are
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Table 19: Birds observed in Santo bythe authors duringthe Santo 2006surveyor byMedway andMarshall 1975 (MM); Bregulla 1992
(BR), Kratter et al., 2006 (KR). Avian nomenclature follows Howard and Moore, 3d edition, corrigenda 5 (Avibase 2008, Dickinson
2003). Subspecies partly from Bregulla 1992. Bislama names from Anthony Harry, pers. comm. 2006. Endemism-W: widespread;
EndGen, EndSp, EndSSp: endemic genus, species, subspecies; Int: introduced. IUCN (2006) criteria-NT: near threatened;
VU: vulnerable; EN: endangered. H: high elevations.

......- .-
Family Latin name English name Bislama name Endemism

lUeN MM BR KR Santa
2006 2006

Accipitridae CIrcus approx/mans Swamp Harrier 81g fal hawk. Mala. W X X X
Namala Pijin blong
fowl

-- - I' -- -. -
Falco peregrinus neiotes Peregrine Falcon W - X(H) - X

Megapodiidae Megapod/us /arard/ Vanuatu Megapode Skrapl?k. Scrub duck. EndSp VU X X X X
Namalu

Phasianidae Callus gal/us IIRed Junglefowl Int . X X X X

Rallidae Cal/irnllu philtppensis Sf'lhsmilhi Buff-banded Rail Narnbilak W - X X X

Ilpurple Swamphen
• 11

PorphYlio porphyria Samoensis Nambuu W - X X X

Columbidae Ollcu/a bakefl Baker's Imperial-Pigeon rNawemba blong hili,11 EndSp VU X(H) X(H) X X
Natutus soraifa

I-
Nawemba. NawlfI be 1I

-- -. - -
Ducu/a p pacilico Pacific Imperial-Pigeon W X X X

- :, ,- XMacropygia m, mackinlayi Mackinlay's Cuckoo-Dove Long fala tel. Brown EndSSp - X X
pijin

~ jI --- .r:-- -- -

ISot leg
- - - ~

Chalcop/lOps indka sandwlrhensis Emerald Dove hart legs) W - X X X
1.,-- k . 1I -, ,; ..

Cl /umbo JMa Roc Pigeon It. Int X
-

Co/umbo villens/s leopoldii Metallic Pigeon Nalarua I! EndSSp X X X X
1-- - -- It : ~ ..

Pltlinopus grey;; Red-bellied Fruit-Dove Smol fala green pllin, 11 W X X X X

I...
I ~ma ll green plJin

, " I- -
PtIIIllOPU lannenSI Tanna Fruit-Dove Gig laa green pijin

1I
EndSp T X X X

f- - -- -
Calbm/umba sonaaeaose Santa Cruz Ground-Dove rima EndSp EN X(H) X

Psittacidae CharmosY!l(1 po/morum Palm Lorikeet Dengd, Ded n . 11 EndSp VU X(H) X(H) X X
Maramarei ~-- -- -

Tr/chOg/OS5U5 haematodus ma~ena Rainbow Lorikeet Nasivuu NaSlvrou EndSSp - X X X

Cuculidae C1uysacoccyx luddu: layarcfi Shining Bronze-Cuckoo
11

W - X X X

Cacomontis flobelliformi Fan-tailed Cuckoo EndSSp
-.

X X -
sch,stGcelgularis I.

fytonidae rYiO alba delicatula Barn Owl Iloknael, Ilognighl W X X X

Apodidae k4erodramusspodiopygius White-rumped Swiftlet 11 EndSSp - - X -
/eucQPyglU I-
1- --- I! -- -
Col/oca/ia escu/enla uropyglGlis Glossy Swiftlet EndSSp - X X X

~erodramus v. vonikorensis
H- - . It -- '. ....,

X
It X -e

Uniform Swittlet W X X

Alcedinidae Todiramphus chlori sOn/oenSls IICollared Kingfisher Nasiko I- W X X X X
17-- --- - '.

Iodltamptur: farquhan Chestnut-bellied Red 1 asiko EndSp VU X X X
IIKingfisher

Meliphagidae Gfycifoh/G no/abi/is notabi/i IINew Hebrides Long lala mouth EndSp X(H) X X X
IIHoneyeater blong hill (11

MyzomeJo cardmalis [enUls Cardinal Myzornela Pohs
I-

EndSSp X X X X

Acanthizidae Gerygolle flava/alera/ls coneioe Fan-tailed Gerygone Small nalaklak EndSSp X X X X

Artamidae Artamus leucorhynchu!; tenui: White-breasted EndSSp X(H) X X X
Woodswallow

Campephagidae Cotaana caiedonca thr/enii Melanesian Cuckoo-shrike EndSSp X X X X- -- r' --- - '- -
La/age macu/osa modesta Polynesian Triller EndSSp X X

La/age leucopyga a/hi/oris I\ ong-tailed Triller EndSSp - X(H) X X

Padwcepbaudae Pachycepllala pectoralis mtaeta Golden Whistler EndSSp X X X X

Rhipiduridae Rh/pldura albrscapo brendlley' Gray Fantail Nasiksik EndSSp - (7) X X X
- -- -

Rllipidura verreauxi spiladera Streaked Fantail EndSSp X X X X

Monarchldae C1ytarhynchus pachycephaloldes Southern Shrikebill EndSSp - X X X
gflsescens ---- ""'--
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....---
Myiagra caledonica marina Melanesian Flycatcher EndSSp - X X X

~

Neolalage banks/ono Buff-bell ied Monarch lalzari EndGen · X X X X

I Petroicidae Petroica multiewor ambfynensfs Scarlet Robin j EndSSp 0 X(H) X X X

IHirundinidae Iiirundo lohitlca PacificSwallow W · X X - X

I Sylviidae MegolufUllJs wh,/neYI wl1itneyi Thicket Warbler Zizileri EndSSp NT X X(H) - X

Zosteropidae lloslerops lateralis vorensis Silver-eye Nalaklak 11 EndSSp - X(H) X X X

lzoSfefopsnailifrons brEvicauda
I .:.....:...... --

Yellow-fronted White-eye Nalaklak EndSp - X X X X

Sturnidae ~cridotheres rristis Common Myna Pijm blong buluk, Sako Int · X X - X
:;.. 1'-- .- 0--

~plonJ zeiandica fufipenms Rusty-winged Starling WOOhlil EndSp NT X(H) X(H) - .

~ploms samovesui:
~

Mounta in Starling Mataweli EndSp VU - X(H) - 0

Turdidae Turdus poliocephall15 vanikorensis Island Thrush W - X X X X

Passeridae Passerdomes/ieus liHouse Sparrow Int · X - 0

Estrildidae frythrura cyaneovue» Royal Parrotfinch Batukira EndSSp VU X(H) I X X

IChestnut-breasted Munia •
_. f--

tanchl/m casumeothoto» Int - X -
-- _.. • I~ _ . --

X
r--

Lanchuro malacca (= otricapillo) Black-headed Munia Bengah Int - X - X

TOTAL 41 50 35 45
""'--

widesp read and common from low elevation to
upper levels. They include the Melan esian Cuckoo
Shrike , Buff-be llied Monarch , Fan-t ailed Gery gon e,
Mackinlay's Cuckoo-Dove and the quite common
Pacific Imp erial Pigeon (a gro up of 20 was seen
eat ing frui ts of the "nahatambol" tDracontomeum
viti ense) at Matantas. Some are less frequ entl y
observed at all sites. Amongst these are the Thicket
Warbl er OUCN Near Threatened ) seen on ce in
dense un dergrowth of a clear matur e forest at 300 m
at Butmas and in ma tur e regrowth at 1120 m in
Nokovu la bu t also at low eleva tion in mesophy l
lous vine forests a t Hog Harb ou r. If not ra re, it is
a secre tive , inco nspic uo us bird . At higher eleva
tions the Melanesian Flycatcher (o ne pair was
observed nes ting at Penaoru) , the Metallic Pigeon ,
the Swam p Harrier, the Chestnu t-bellied Kingfisher
OUCN Vulnerable) and the Shining Bro nze-Cuckoo
are in this rarely observed category. Two species ,
the Island Trus h (co mmo n at Matan tas) and the
New Hebrides Hon eyeater (o ne see n in degraded
forests at sea level a t Tasm ate) prefer the forests
at higher eleva tions (67 % an d 83 % of the surveys
over 900 m recorded them , resp ectively) . In this
group , we incl ude the Peregrine Falcon , seen at
sea level by us (Saraou tou, Matant as , Tasmate) an d
Bowen in 1997 (Loru), by us at high altitude at
Pen aoru (900 m) and by Medw ay and Marshall in
1975 at 11 20 m (Nokovula) . It is remar kable that
the Harrier apprecia tes ope n habitats but also hu n ts
over forests even at high eleva tions. In thi s group of
14 species three are endem ic at eithe r the genus level
(Buff-bellied Monarch) or species level (Ches tnut
belli ed Kingfisher and New Hebr ides Honeyeater).
All th ree are common, at leas t in one of the hab itat
types and altitudinal levels, bu t the Chestnu t-be llied
King fisher is rare at high er eleva tions .

• Low/medium el evation s pecies
Five species are res tric ted to ope n (Buff-ba nde d

Rail , Barn Owl) or forested (Sout hern Shrikebill ,
San ta-Cruz Ground Dove and Vanu atu Megapod e)
habitats from sea level to the foothill. Th e endemic
Mega pode has been seen in the dry forests along the
shore at Saraou tou, as well as in th e pr im ary undis
turbed forests on th e coral slopes in the same area .
It has been see n and heard also in Mat antas forests
and is hu nt ed at Butrnas (bu t its dar k red meat is
not much apprecia ted). The eggs of th is species are
also commonly coll ected , ea ten and so ld. The ot her
ende mic species, th e San ta-C ruz Ground Dove is
apparen tly very rar e, and is the only Santo bird
classified as Endangered by th e IUCN. It was no t
recorded by Medway and Marsha ll in 197 5 nor by
Kra tter and coa u thors in 2006, but was recorded by
Bregu lla in 1972 (in the highlands at 1000 m an d
at lowe r elevatio ns at 300 m) who co nsidered it is
sca ttered in suitable habitats o f the mi d-mount ain
fores ts . This bird was recorded twice (one, th en
two bird s) on the Pen arou trail, at 300-400 m near
bamb oo clumps. This is one of the th ree rares t
terres trial b irds of San to, and th e scarci ty of obser
vations did not allow us to iden tify its eco log ical
req ui rements an d th reat s.

• Species restrict ed to hi gh elevation s
This is a group of seven species (incl udi ng th e
San to Mountain Starling w hich was not observed
by any of th e recen t ornithological team s) , and
four ende mics at th e species level. Th e endemic
Baker's Imperial Pigeon OUCN Vulnerable) lives
in mature forest and has been recorded a t 300 m
at Butm as, but more regu larly a t upper eleva tions
up to the mount ain su m mits . It is a shy and elu
sive bird, po ssibly becau se it is a favoured pr ey
spe cies for hunters . The Scarlet Robi n see n from
600 m is common at th is altitude and may be even
mo re abundan t at higher elevations. It lives alo ne
or in sma ll fami ly groups, feeding from 2 m to th e
upper canopy. The Po lynesian Thri ller apparen tly
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Table 20: Bird species recorded at sites prospected by the authors durin g the Santa 2006 mission or, by Bowen
1997 (Bow), Medway and Marshall 1975 (M M) and Kratter et al., 2006 (KR). Sites are Luganville (Lug) , Saroutou
and vicinity of Luganville (Sara), Port Olry (PO), Tasmate (Tas), Penaoru (Pen), Matantas (Mat), Butmas (But), Loru
(Lor), Apuna River (Apu), Hog Harbor (Hog), Tsaraepae (Tsa), Wunarohaehar e (Wun) and Nokovula (Noko). Site
elevation is precised.

I Urban Anthropogenic low elevations Anthrop. Primary Primary fo rest high
areas medium forest elevations

• elevations medium/high
elevations

Santo Sa nta 2006 Bow MM Sa nta 2006 KR Santa 2006 11 MM
2006 I

Lug 0-30 Sara PO Tas Pen Mat LOI Apu Hog But Pen Pen But Tsa Wun Pen Pen Noko
0-50 0-20 0-200 0-60 0-601 0-120 100 160 300 100- 600 600 500- 600- 900- 1200- 1100

I 300 700 1200 1200 1500

Lowland birds

Pacific Swallow " X- - - - - - - - - - It
- -

I

!I X
.. - - -- I

Rock Pigeon X - - · - - -

I~ -- '---- -- ~

Common Myna X X X X - X . -
~ - li - ~ ~

, - -- 'I ~

Black-headed Munia X X X X · - . X - - - - -
-- - I- -- - - - - - -
Purple Swamphen j X 11 X - - - - - X - - - - - - -

Ubiquitous birds

White-breasted Woodswallow X X - X X X X - - - - X X X
------' - ,- ~ - - - -

Long-tailed Triller X X X X X · - - X - - X - X X
~ b--_ - - -- f-- - --

Emerald Dove X X X X X X X X X X X X X X X
~ '----- - - -- f---- -

Rai nbow Lorikeet I X X X X X X X X X X X X X
- -----' r----- - - --

X I
r---------; -

Glossy Swiftlet X X X X X X X X X X
- -- -- '-- f-- - r- ~ - i - -
Silver-eye X X - X X X X . X X X X X X X

- - I' -- :-- - 1---" - -
Uniform Swiftlet X X X - X X - X X - - X X X -

- ---4 ~ - -- - Ij----- --
Card inal Myzomela X - X X · X X X X X X X X X X

- '- -- - -t ~ I,
Tanna Fruit-Dove X X - - X X X X X X X . X X X X -

- - - - - -i r-- -----i If -- I-

Gray Fantail X X - X X X X - - X X X X X X X
-- I- • - "'-----' - - I!-----;

Collared Kingfisher X X X X X X X - - X - X X X X -
e---- - -- -- I -

'"' - ----' -
Golden Whistler X X . X X X X X X X X X X X X X X X

,-; - .~ It- • -
Red-bellied Fruit-Dove X X X - X X X X X :L X_

1

X X X X - X
-- - - r----- 0------ --i -- '-- i---
Streaked Fantail X X - X X X X X X X X X X X X X
--- -- , ' ~ - - - I - ~ --.
Yellow-fronted White-eye X X - X X X X X X X X X X X X X X

-- -
X i - - -- - - --

Red Junglefowl X - X X X X X X X X - - - X X -

Ubiquitous (excluding urban areas) birds

Pacific Imperial-Pigeon X X X X X X X X X X X--
Melanesian Cuckoo-shrike X X X X X X X X X X-
Melanesian Flycatcher X X X X X X X X X X X

- - - -

Buff-bellied Monarch X X X X X X X X X X X X X X-
Fan-tailed Gerygone X X X X X X X X X X

--

Metall ic Pigeon X X X X X X X X X

Swamp Harrier X X X X X X X X X
.- - -

Mackinlay's Cuckoo-Dove X X X X X X X X X X X X X
-- --

Chestnut-bellied Kingfisher X X X X X X X

Shin ing Bronze-Cuckoo X X X X
-- -

Peregrine Falcon X X X X X X- -
IslandThrush X X X X X X
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New Hebrides Honeyeater

Thi cket Warbler x X

X X x x
X

Low/medium elevation birds

Birds restricted to high elevations

x
x

x X X
X

X

X

x
X

Santa Cruz Ground-Dove

Buff-banded Rail

Southern Shrikebill

Van uatu Megapode

Barn Owll-- _

yy yy g

Baker's Imperial-Pigeon - - - - - X - - X X X X
---- Ir-t -- - -- I- - -- - -

Scarlet Robin - - - - X - - X X X
- ~ . ~ ~ -~ - f-- j- - -

Palm Lorikeet - · . - - - · · X X X ~1I ;.---c ';; r-- ~ -

Polynesian Triller . - · · - - - I · X X X -
- - - - - - -- .-- I - . - - - <--- -,

Royal Parrotfinch - - · - · It - - · : I - - X X
- r-- 4 -- If-----c' - 1-------;

Rusty-winged Starling I - - · - - . - - - - - . - X

Birds listed b Bre ulla 1992 but not recorded b an of the other surve s

IFan-tailed Cuckoo - . I - - - - - - - - · - - -
~

- I
- -- li - i-- - I----

White-rumped Swiftlet - - - - - - - - · - -
-- - -----. i ------ - . I' - r--< f-- r--

Chestnut-breasted Munia . - - - - . - - - -
I ~ - - f-- - i ~ r- - .----- -

House Sparrow - . - - - - - - - · - - - - -
- - f - ----i ~ ;--

Mountain Sta rling - - · - - - - - I · -
~

TOTAL 21 35 9 21 26 35 25 23 20 34 20 18 16 31 29 23 12 11 22
""'-- ""'-- ""'-- --- -

inhab its the same range as th e Robi n but appears
less com mo n (see n by us only once at abou t 800 m
in a pr imary forest on Cumberla nd slopes) . Th e
Pa lm Lorikeet, an endemic sma ll parrot (IUCN
Vulnerable) was obse rved at 800 m (two birds ),
later at 900 m (one individual flying si len tly, low
in the vegeta tion) and at 1 100 m (a gro up of birds
in a flower ing tree ) along the Penarou tra il. This
nomad ic bird was also recorded at 11 00·1 500 m
on th e Tab wem asan a slopes by Med way and
Marsha ll in 1975 who indica te previou s observa
tions at Hog Harbour at sea level. A small flock
of the Royal Parrot finc h (IUCN Vuln erable ) was
observed at 1100 m at Penarou (an d also at
1120 m at Nokovula by Medway and Marsh all in
1975). It is certai n ly very rare, rest ri cted to upper
eleva tio n zo nes only. We did not see either o f
San to's two starli ngs . None of th e recent exped i
tions , which all toge the r spen t 20 days in su itable
hab itats, record ed th e Santo endemic Mountain
Star ling (IUCN Vu lnerable) , which is obviously
very ra re and may be restric ted to th e mos t remote
summits of San to. Th e sa me may also be tru e for
the ende mic Rusty-winged Starling (IUC N Near
Threa tened) recorded by Medway and Marshall in
1975 only, at Nokovula 0 120 m) .

• • • Conclusion
Th e terrestrial bird fauna of Santo comprises about
47 species, including two uncertain Sta rlings that

non e of the authors saw during thi s expedition .
The avilauna is oth erwi se well known , with 100
days of field wo rk during four expedition s in th e
last 30 years , parti cul arl y so for low/m edium ele
vation bird com munit ies . Th e usu al rain y wea the r
co nditions at hi gh er altitudes make bi rd survey
m ore difficult and less productive , even though
12 days were sp ent th ere. Moreover, so me sea
birds , especially p etrels , nes ting in the mo untain
ou s int eri or ha ve never been s tu die d and none was
heard during th e nigh ts we spe n t in the moun
tai ns . The fauna is d iverse with an impo rtant
guild (eigh t species) of frugivo rou s/grani vorou s
pigeon s and famili es well es tablishe d elsewhe re in
the Pacific region (Ca mpephagidae, Mon archidae,
Me liphagidae). Mos t of th e birds , part icularl y pas
serines , are co mmon an d clo not show alt idudi
nal zona tion . Sixty- four percen t of th e 47 spec ies
exhibit a large range of tolerance to alt itude , being
esta blish ed from sea level to mountain sum mits .
This is probably an indication of the good sta te of
forest ed habitats , preferred by mo st of these birds
all around Santo , which have been only partially
and locally alt ered by clea rings for pas tures and
coc onut plantati on s. Th e situ a tion may cha nge for
lowland forests which are potentiall y threat en ed
by inva sive aggressive vines (M ilw nia micrantha,
M eremia peltata) . For most of th e birds the con
serva tion status appears satisfactor y despite sig
n ificant hunting pressure and impact by invasive
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Table 2 1: Proportions (%) of prospections having recorded the different bird species. Proportions are calculated for the five habitat classes.
We called prospection the inventory of the bi rd species of any site belonging to the habitat class under study, by every single observer
w hatever the time he spent at thi s site. Severalprospections can have been carried out at a same site (i.e. when several observers inventoried
th e bird species of this site). Name of sites are given in Tables 18 & 20. Endemism-W: widespread; EndGen, EndSp, EndSSp: endemic
genus, species, subspecies; Int: introduced. IUCN (2006) criteria-NT: near threatened; VU: vulnerable; EN: endangered.

Endemism meN Urban Low Medium 1IMedium/high High elevation
2006 areas elevation elevation elevation habitats

habitats habitats habitats (900-1500 m)
11 (0-60 m) j (100-300 m) (SOO-700 m)

Number of survey sites 1 7 4 3 4
- I~ - --

Number of surveys 3 7 6 4 6

Lowland birds

PacificSwallow W - 67 14 0 0 0
-- - - -- -
Rock Pigeon Int - 33 29 0 0 0

- .- -- - -
I Common Myna lnt - 100 71 33 0 0

I Black-headed Munia
-- , - ----

Int - 100 71 17 0 0.- - - - -- .. 1<-- --
Purple Swamphen W - 33 29 17 0 0

Ubiquitous birds•
White-breasted Woodswallow End Sp I' - 33 86 0 25 33

- -- -- - ;-.

Long-tailed Triller EndSSp - 33 57 l 17 0 50
I~ - - -- -- - -

Emerald Dove W - 100 100 100 50 67
- 11 '! --

Rainbow Lorikeet EndSSp 100 100 100 50 33- - ~ --
Glossy Swiftlet EndSSp - 100 100 83 50 17

- 0---, - 11 --
Silver-eye EndSSp - 100 86 50 75 67
--- - ..... -- lo!- o

Uniform Swiftlet W 100 71 50 25 3
-- -- IfCardinal Myzomela EndSSp 100 43 83 75 83

- c-- -- --~

Tanna Fruit-Dove EndSp NT 67 71 S3 75 50
--- - ...., - - -

Gray Fantail EndS p - 67 71 50 100 33
f--- - -

Collared Kingfisher W - 33 100 33 75 33
- -- r- - -

Golden Whistler EndSSp 3 86 100 100 100
--- - ---- r---- -
Red-bellied Fruit-Dove W - 33 71 83 50 33

- - -

Streaked Fanta il EndSSp - 33 11 71 83 75 33
- - --

Yellow-fronted White-eye EndSp - 33 71 67 75 67
-- , f-- ~ 1'--- ,

Red Junglefowl lnt 33 57 83 25 33

Ubiquitous (excluding urban areas) birds

Pacific Imperial-Pigeon W 0 86 83 100 33
f------

Melanesian Cuckoo-shrike EndSSp U 86 83 50 50
- ---

Melanesian Flycatcher EndSSp - 0 86 67 75 17
- -- I -

Buff-bellied Monarch E'ndGend 0 71 83 75 83
- -------i - -- I - -

Fa n-tailed Gerygone EndSSp - 0 71 50 50 50
--- - -----< ,

Metallic Pigeon EndSSp - U 71 33 50 17
- - -- - l

Swamp Harrier W - 0 71 33 25 33
-- - -r- -- -

Mackinlay's Cuckoo-Dove EndSSp - 0 57 67 50 67
- +- ., --

Chestnut-bellied Kingfisher EndSp VU 0 57 67 25 17
- -- -

Shining Bronze-Cuckoo W - 0 29 17 25 17
- -- ;--- . - -

Peregrine Falcon W - 0 57 0 0 33
-- - -- -- ---,

Island Thrush W - 0 14 50 0 67
- - ~ - -

New Hebrides Honeyeater EndSp - 0 14 0 50 83
-- -- Ij -- --

ThicketWarbler EndSSp NT 0 14 17 0 17

. ib6
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Low/medium elevation birds

Barn Owl W 0 43 0 0 0
-- ----i - ---

SantaCruz Ground-Dove EndSp EN 0 0 17 0 0
------ -- ---- - -- ----

Buff-banded Rail W - 0 57 33 0 0-- r---- - -
Southern Shrikebill EndSSp - 0 43 ~7 75 0

-- ----I -- ----- -
Vanuatu Megapode EndSp VU 0 43 33 25 0

Birds restricted to high elevations

Baker's Imperial-Pigeon EndSp VU 0 0 17 50 50

Searlet Robin EndS p - 0 0 0 25 .Q1

Palm Lorikeet EndSp VU 0 0 0 25

Polynesian Triller EndSSp - 0 0 0 25 3

Royal Parrotfineh EndSSp VU 0 0 0 0

Rusty-winged Starling ! EndSp - 0 0 0 0 17

plan ts, however, th e situa tio n see ms critical for
some endemic spe cies whic h have not , or have
onl y rarely, been obs erved by vis iting ornitholo
gist s . This is the case for a group of birds restricted
to mid-m ountain for est s (San ta Cruz Gr ou nd
Dove) or to highlands (Baker's Imperial Pigeon ,
Palm Lorikeet , Royal Parrotfinch, Santo Moun tain
and Rust y-win ged Starl ings) . Specific atten tion
has to be paid to the two San to island-endemi cs at
leas t, the San to Mount ain Starling and th e Santa
Cruz Gro u nd-Dove, the IUCN sta tus of th e form er
needs prob ably to be revised to a hi gher category
of threat. Conversely, species like the Chestnut
bellied Kingfisher should be downgraded and
the Tanna Fruit -Dove, very com mon everyw he re,
could eve n be rem oved from the Red Lis t Threat

Ca tego ries . As in New Caledo nia, endemic and
threaten ed species are mainl y res trict ed to mo un
tain forest s (Table 21) .

The introduced bird community is very limited
with three birds coming in contact with the native
fauna (t he feral Rock Pigeon is in Luganville
town an d su burbs) . The Common Myna and the
Black-hea ded Munia are strictly res tricted to low
land disturbed/m odi fiedJopen habi tats in assoc ia
tion wi th humans, and any poten tial impact on
native avifauna is questionnable. The ] u nglefowl
is established in fores ts. It may compete with the
Megapode which shares the same habita t, bu t this
en demic remains apparently in good h ealth after
cen turies of cohabita tion .

AMPHIBIANS AND REPTILES
Ivan Ineich

••• A brief history of herpetological
collections from Vanuatu

The oldest known vertebra te co llec tio n from
Vanu atu took place during the explorations of
Cap tain ] ames Cook. He discovered Tanna in 1774.
Th at vo lcanic island was cove red with thick forest
an d the naturalis t Forst er discovered a pigeon the re,
Gal1icolwnba fem. lginea. The on ly specimen known
in the world is the one he ki lled on 17 Aug us t 1774
and that his so n illu strated . Subseque nt searches
have not found the species again.

Herpetological collections from Vanuatu are located
in several Eur opean mu seums among whi ch those
in London (BMNH, Na tur al History Museum, UK),
Paris (MNHN, Muse um na tionald'Histoirenatur elle,
Fr an ce) and Basel (NMBA, Na turhistorisches
Museu m Basel, Switzerla nd) are the most impo r
tan t. Ot he r Europ ean m use ums holding such

co llections included Geneva (MHNG, Museum
d'Hist oir e Na turelle de Geneve, Switzerl and),
Bon n (ZFMK, Zoo logisches Forschu ngsinst itut
und Museum Alexa nde r Koe nig, Ge rma ny),
Hamburg (N HM H, Na turh is torisc hes Museu m
von Ha mbur g, Germany) and Frankfurt-am-m ain
(SMF, Sen cken berg Museum vori Fran kfurt-am
Main, Germany).

••• Th e Natural Hist ory Museum, London (BMNH)
The Natura l History Museum (London) possesses
seve ral specimens collec ted aro und 1865 by ].L.
Brenchley (six lizards) who visited several Vanua ru
islands (Anatom, Tanna, Erromango, Elate and Vanua
Lava in the Banks) , but not Santo. This historically
importan t collection contains severa l geckos form
ing the type series of Gymnodactylus multicarina
tus (recently revalida ted as Nactus multicarinatus)
described by Gun ther in 1872. Dur ing the 1940's

.27 •
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Ed9ar Aubertde la ROe was born in Geneva on 7 October 1901 . In 1924heobtained his geological-engineering diploma from the

Institute of Applied Geology of Nancy in France. He later made 15 field trips asa geological-engineer for the French Ministry of Colonies and

later French Overseas Ministry, vlsltinq Africa, NorthandSouth America, the IndianandPacificOceans aswell asAntarctica. He was named

correspondant of the Museum national d'Histoire naturelle (Paris) in 1934 andassociate researcher on 20 December 1951 . By1963, hehad

authored about 263scientific publications.

Philippe rraocots wasborn in Saumur (France) on 22 November lB52. Hestudied in different cities according to the military postings

of his father. He obtained a Licence in NaturalSciences in lBB2 at Poitlers.Heachieved a Ph.D. in science in lBB5, with his thesisdealing

with the nervous system of hirudine flat worms.Thesame yearhewasnamed "Maltre deconferences de zoologie" at the Universityof

Rennes . In lBBB, he made a trip to the PacificIslandsto study the developmentof coral reefson the Great BarrierReefs of Australia. He was

alsoput in charge of representi ng France at the UniversalExpositionof Melbournein Australia. He left on tst AugustlBBB andreturned to

Paris only on1st MaylB91. After arriving in Noumea in lBBB he spenta total of eleven months(flve different trips) in Vanuatu. rrancots left

NewCaledonia on 2 AU9ust lB94 andvisited Vanuatu, including Banks and the Santa Cruz group in the Solomon Islands beforereturnnlnq

through PortVila on 3 January lB95. He died from a liver infection on 13March 190B at Paris.

]. R. Baker (947) made importa nt co llections
un der the Percy Sladen Expedi tion , including 238
lizards an d 21 snakes. He studied the reproduc
tion of some common skinks (E. cyamlra sens«
lato and E. caeruieocaiuia) at Hog Harbour, San to .
That work was based on da ta ob tained duri ng the
Oxford Un iversity Explorati on Clu b (1933-34), a
trip financed wit h fund s from the Royal Society,
the Percy Sladen Memorial Found , the Un iversity
of Oxford and the New College of Oxford . Miss
Eve lyn L. Cheesman made co llect ions around 1929
and from 1954 to 1955, totalizing 46 lizards and
on e snake. Late r, in 1971, the Royal SocietylPercy
Slade n Exp edi tio n allow ed th e Earl o f Cranbrook
(formerly Lord Medway) and A.G . Marshall to
make addi tiona l herpet ological collect ions com
prising 15 frogs, 345 lizards an d four snakes. That
expedit ion also collec ted an introduced typhlop id
sn ake (no t previously reported from the archipel
ago ) , and a new skink (Emoia). Islands visited were
Ana rorn , Tanna , Erroma ngo, H at e, Malak ula and
two sa telli te islets (7 Ouri and Suaro), Santo and
two sa tell ite islets (Malo and Aore) . All herpeto
logical specimens were deposited at BMNH. Several
smaller herpetolog ical co llections from Vanuatu
have bee n deposi ted at BMNH among which tha t
of]. MacGillivray (HMS Hera ld) from Ana torn , Mr
Cu ming (ar ound 1860, two lizards) , W. Wykeham
Perr y Esq. (around 1875- 1876, five lizards), Dr
Corrie (around 1878 , one lizard and one sn ake) ,
"Cha llenger" collections (around 1882, 14 lizards) ,
E.L. Layard , consul of Nou mea (around 1886, th ree
lizards and six snakes), D. McNabb (or MacNab) ,
surgeon of the Royal Navy (around 1892, one lizard
and three snakes), R.A. Lever from the Department
of Agriculture of Fiji (two lizards) . Finally Noel
L.H. Krauss mad e a gift of reptil es from Vanua tu
to several world muse ums (Hawaii, Paris, six liz
ards given in 1987 to the Univerity of Hambur g,
Germany) including the BMNH .

••• Museum nat ion al d 'Hi stoire naturell e,
Paris (MNHN)

Even tho ug h th e New Hebrides was a Britis h-French
co ndo minium, her pe tological collections from

tha t area are few in the Paris MNHN collections.
Angel (1935) firs t published about a col lec tio n
made in Vanuatu by Aubert de la Rue (62 lizards
and four snakes) (see above). La ter, during his
visit to Paris, Lord Medway (1974) exa mined that
co llec tion but also the Fran cois co llection from
Vanua tu. The la ter collection comprised one croco
dile, 35 liza rds and 13 snakes (some lizards an d
snakes were des troyed) but also incl uded sp eci
mens from the Loyalty Islands (see above) . The
Fran cois collec tion was regis tered in 1894 and later
in 1973-1974 (14 lizards and four snakes) . Several
smaller herpetologica l collections from Vanu atu
were also de posited at MNHN among which are
those of Dr Cailliot (six snakes ), Deshou illeres
(o ne snake) and Dr Joly (Iou r lizards) .

•• Other European collec tions
Dr Felix Speiser sp ent seve ral years in Vanuatu
from 1910 to 1912 and collected many specimens
that he se nd to th e Switze rla nd Natura l History
Museum of Basel (NMBA) . Tha t collec tion was
lat er studied by Roux in 19 13 an d comprised two
new sp ecies of skink, Emoia nigrom arginata and
Emoia speiseri, th e second bei ng lat er cons idered
a synonym of the first during a rev ision of th e
gen us by Brow n in 1991. Th e Speiser collectio n
was re-examined by Lord Medw ay in 1975. The
Natural His tor y Museum of Geneva in Switzerland
(MHNG) possesses two majo r coll ections fro m
Vanua tu , one made by H. Larsen during the sum 
mer of 1958 on Ambrym and Vanua Lava in th e
Banks (28 lizards and eight sna kes ) and anothe r
made in June 1976 by A. de Chambrier. The Bonn
Natural Histo ry Museum in Ger many (ZFMK) pos
sess es one collec tion made in Vanuatu in Februar y
1975 by H. Meier. The Senckenberg Na tural Hist or y
Museum of Franklurt-am -Main in Germany (SMF)
has th e famo us Bregu lla unregistered collec tion ,
which is unfo rtunately in a bad state and is of only
limited interest.

.•• Non Euro pean Vanua tu coll ec tio ns
O ther important he rp et ological collections ma de in
Vanuatu are located in th e USA. The mos t imp ort an t



of these are deposited at the American Museum
of Natural History (AMNH, New York), United
States National Museum, Smithsonian Institution
(USNM, Washington), California Academy of
Sciences (CAS, San Francisco) and Bernice P
Bishop Museum at Hawaii (BPBM). Minor collec
tions were also deposited at the Field Museum of
Natural History (FMNH, Chicago), Museum of
Comparative Zoology (MCZ, Harvard University),
and University of Michigan (UMMZ, Ann Arbor).

The Whitney South Sea Expedition yielded a huge
set of herpetological specimens giving rise to several
important scientific publications. That collection
was deposited at the American Museum of Natural
History and later examined by Lord Medway.
Another important collection was recently made on
numerous Vanuatuan Islands by George R Zug and
colleagues and deposited at USNM (Washington).
Collections deposited at the California Academy of
Sciences were made in Vanuatu by Robert N. Fisher
(November-December 1988) on Efate and some of
its satellite islets (Emao). The Bernice P Bishop
Museum at Hawaii possesses some specimens given
by Noel LH. Krauss and collected from December
1986 to January 1987. Collections deposited at
the Field Museum of Natural History of Chicago
were made during the years 1952 to 1958. The
most important collections were obtained through
A.G. Marshall and Elizabeth Laird (August 1952)
and B. Malkin (july 1958). The most important
collections from Vanuatu held by the University
of Michigan at Ann Arbor were made by R. Kuntz
in August 1944 on Santo, and by Craig Moritz in
1986 on Hate and Tanna.

Other important herpetological collections from
Vanuatu are located at Sydney in Australia (AMS)
and at the Auckland Museum and Institute in New
Zealand (AMI). The Australian Museum of Natural
History (AMS) has several specimens from Vanuatu
from collections made by ProfWA. Haswell (1903),
R]. Etheridge (910), WW Frogatt (1921), A.].
Marshall (1934), RH. Pickering (1982), L Gibson
and his collaborators (1990), P German (1992),
and McAfee, E. jacquier, Capt. Braithwaite among
others. One other collection was made by Ross
Sadlier in August 1983. There is also one more
recent collection made in May 1990. The most
important Vanuatu collections of that museum
were made by Harold G. Cogger from 1983 to
1994. The Auckland Museum and Institute in New
Zealand possesses some specimens of reptiles col
lected on Santo (e.g. AMI 1675).

Including our most recent collections from the
SANTO 2006 and the Torres 2007 expeditions,
there are certainly about 3000 specimens of reptiles
and amphibians from Vanuatu preserved in world
museums. Among those MNHN should now pos
sess one of the most important collections.

The Natural History of Santa

• •• Biodiversity of the
herpetofauna of Vanuatu

Our actual knowledge of the Vanuatu herpetofauna
is based on scattered published papers dealing with
some of the collections cited above or parts of them,
either totally devoted to Vanuatu or partial reports
in more general revisions. Naika, the Journal of the
Vanuatu Natural Science Society (Hate, Port Vila),
was published from 1981 to 1993 [numbers 1-42].
David Dickerson was President of that society in
1982 and Richard Pickering chief-editor, both being
authors of herpetological notes published in that
journal. New Caledonia, Solomon Islands, Fiji and
Hawaii have one or more field guides or monographs
devoted to their herpetofauna, but there is unfortu
nately no such book for Vanuatu.

Several Pacific island reptiles are still undescribed
and numerous are known from a few specimens or
even considered as extinct or severely endangered.
Thus any attempt to make an analysis of that biodi
versity is still fragmentary and remains only partial.
The Pacific Ocean occupies about one third of the
Earth's surface (larger that all continents together),
Together there are more than 12 000 islands in the
area totaling less than 2% of the earth's landmass.
In 1996, Allison counted 672 amphibians and ter
restrial or dulcaquicolous reptile species on Pacific
islands. The six species of marine turtles are present
in the whole area and thus do not carry much bio
geographical information. There are also about 30
seasnake species in the area but knowledge on their
distribution and even taxonomy is still fragmentary.
New Guinea alone occupies more than 80% of the
Pacific landmass and possesses at least 472 species
totalizing 2/3 of the tropical Pacific herpetofauna.
The New Guinean herpetofauna derives from the
Oriental region but also to a lesser extent from
Australia.

Gekkota (pygopods, diplodactylids, and gekkonids)
and scincid lizards are the most visible elements of
the herpetofauna on Pacific islands, and to a lesser
extent hydrophiine elapids (sea kraits, seasnakes
and Melanesian terrestrial elapids) and boids, mar
ginally typhlopid worm snakes, among snakes. The
Melanesian herpetofauna serves as the source for the
colonisation of islands located north and east by nat
ural trans-oceanic dispersal that began at least during
the mid-Miocene. Species diversity clearly decreases
eastwards from New Guinea to Easter Island and that
decrease is even stronger east of Fiji. Curiously, the
Pacific islands have only a low influence on the com
position of the New Caledonia herpetofauna, which
is mostly related to an Australian fauna of Gondwana
origin (e.g. diplodactylid geckos). Note however
that the Loyalty Islands, located just beneath New
Caledonia, possess a clearly distinct herpetofauna
more closely related to that of the eastern tropical
Pacific Islands (e.g. Vanuatu and Fiji) rather than
to New Caledonia. Gondwana fragmentation began
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such elevations. This is not accurate since I often
observed Nactus multicarinatus on Santo at around
900 m elevation.

••• Seaturtles from Vanuatu
Several species of sea turtles were reported from
Vanuatu and all of them can be encountered in Santo
waters: Carettacaretta, Cheloniamydas, Eretmochelys
imbricata and Dermochelys coriacea. C. caretta, a car
nivorous species, is very uncommon in Vanuatu.

Nesting sites of C. mydas have been reported from
Vanuatu, and the species is considered as one of the
most common sea turtles in the area. C. mydas is her
bivorous and feeds on seagrasses and seeweed, thus
implying active migration from feeding to reproduc
tion areas (beaches). C. mydas sometimes concen
trates on collective egg laying sites (rookeries).

Some reptile species were reported from Vanuatu
as cryptozoological animals. They have not yet
been collected and their existence is not confirmed.
However these animals are locally reported in folk
lore and tales about them often exist; local obser
vations and reports could be based on real animals
and observations, but sometimes also on the wrong
interpretation of an observation. In New Caledonia,
a beach stranded banded lizard with short legs was
interpreted as a cross between a sea krait (that liz
ard was found in sea water on the beach and was
banded like the snake) and a lizard ... It was in fact
a nearly dead juvenile of Bocourts terrific skink
(Phoboscincus bocourti) that had probably fallen
from the claws of a raptor. In 1994, Whitaker and
Whitaker mentioned a flying gecko and an arboreal
skink with a blue tail reported by some local people
from the Matantas area on Santo. Such reports have
of course to be considered as serious and atten
tion has to be given to them. It has been noted
that on Malakula.. in the Uripiv language, there
are four different words for lizards: "mokoblab" for
Gekko vittatus, "mob" for other geckos, particu
larly Gehyra oceanica, "negel" for the green skink
(Emoia sanfordi) and "wejur" for all other skinks.
The biodiversity of the herpetofauna of Vanuatu
was long considered as impoverished compared
to islands north of it (Solomon Islands), south of
it (New Caledonia) and east of it (Fiji). The most
commonly accepted hypothesis to explain this situ
ation are geologic events that I will discuss at the
end of this paper. There is no known extinct spe
cies of reptile from Vanuatu. However giant skinks
like those of the genera Tachygyia (Tonga, extinct")
or Phoboscincus (New Caledonia) could possibly
have been present in Vanuatu or could still exist.
Local people in Vanuatu also mentioned particular
snakes from Malakula but they could correspond
to uncommon color morphs of Candoia bibroni.

The Herpetofauna of Vanuatu,
with special focus on Santo

•••

Concerning Vanuatu, Medway and Marshall noted
in 1975 that the relatively high number of species
that they reported from Efate could be related to
a higher collection intensity and more frequent
external contacts related to the geopolitical posi
tion of that island (hosting the capital Port Vila);
the only known specimen of the gecko Gehyra
mutilata from Vanuatu could have arrived there
by boat. The herpetofauna of Efate is as diverse
as that of Santo and that island does not show
the north-south rarefaction observed for birds and
mammals in the archipelago. They also noted that
two geckos, Gehyra oceanica and Lepidodactylus
lugubris, were never collected in non-anthropic
habitats and that on Santo, the number and diver
sity of lizards decreases considerably with eleva
tion; on Nokovula at 1100 m a.s.l, the skink Emoia
caeruleocauda is the only registred species. Local
people however mention a green lizard (prob
ably the green forest skink Emoia sanfordi?) and
that no geckos (locally called "big eye") occur at

The description of the 672 Pacific species listed by
Allison in 1996 began with the European colonisa
tion of the area. Before 1800, only nine species from
the area were described, mostly species also living
in Southeast Asia. During the 19th century, 276
additional species were described, and again 371
more during the 20th century. Numerous species
with wide distributions in the area are classically
considered as recent arrivals, often through man
mediated travel. Most herpetologists agree with such
an explanation, generally based on weak biologi
cal, ecological, biogeographical and even molecular
data. In 1985 Gibbons showed that between islands,
dispersal could have been largely facilitated during
maximal glaciation periods giving rise to important
additional exposed land areas. His map shows that
18000 years ago exposed areas and island numbers
were about double the present situation. Allison
also reported 49 amphibian and reptile species from
the islands located east of the Solomon Islands,
including two endemic frog species of the genus
Platymantis from Fiji. The most diversified tropical
Pacific island genera are lizards of the genera Emoia
(Scincidae) and Lepidodactylus (Gekkonidae).

150 million years ago. Fijian endemic iguanids of
the genus Brachylophus, Pacific boas of the genus
Candoia, and numerous Pacific plants show South
American affinities that also agree with the disper
sion hypothesis that they originated in the neotrop
ics. Distribution patterns of the boid genus Candoia
are however similar to that of most Melanesian
skinks and geckos; this could however be an artifact
related to food requirements of the snake needing
large lizards for its diet prior to the arrival of the
rat. Actual herpetofaunal distribution patterns in the
tropical Pacific Ocean are thus a mixture of vicari
ance and dispersal events, natural dispersion but also
accidental and voluntary human introductions.
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E. imbricata is considered to be the second most
common sea turtle of Vanuatu but its reproduc
tion has never been attested to there, despite it
reproducing in New Caledonia, Solomon and Fiji.
E. imbricata is easy to observe by divers in the
reef areas of Vanuatu where it feeds on inverte
brates, sponges and soft coral. Egg laying sites of
E. imbricata are more dispersed than those of C.
mydas. The occurrence of D. coriacea in Vanuatu
was confirmed by a specimen from South West Bay,
Malakula, caught in a fisherman's net and eaten;
the occurrence of that species remains however
very unusual in Vanuatu.

D. coriacea is known from Fiji and Solomon. Its
shell can reach 2 m and weigh nearly 650 kg.
That marine turtle is present in deep water but
occasionally occurs along coasts. It is the typical
marine turtle of subtropical and temperate waters
and feeds almost entirely on jellyfish. It lays its
eggs from November to January in the southern
hemisphere, generally on isolated beaches with low
human disturbance, which are subjected to strong
waves and slope steeply into deep water.

Lepidochelys olivacea could be present in
Vanuatuan waters but that has never been con
firmed. Note that in some parts of Vanuatu local
chiefs prohibit the taking of marine turtles and
the consumption of their eggs, as I have noted
for fishes in some rivers. Shells of the different
marine turtle species of Vanuatu are illustrated
on the cover of number eight of the Vanuatuan
journal Naika issued in 1982.

000 Amphibians from Vanuatu - FROGS
Platymantis Gunther is a ceratobatrachid genus
present in the Philippines, Palau, New Ireland,
New Britain, Solomon Islands, with two endemic
species from Fiji. The Solomon Islands also pos
sess several endemic ceratobatrachid genera:
Batrachylodes Boulenger, Ceratobatrachus Boulenger,
Palmatorappia Ahl, and Discodeles Boulenger
which is a regional endemic also present in the
Bismarck Archipelago and the Admiralty Islands.
That endemic stock has clearly an ancient Oriental
origin, pre-dating the Australo-Oriental collision.
Curiously, none of those species or genera, or even
a related one, are present in Vanuatu where native
frogs are completely absent. Eggs of Platymantis
have direct development and such a characteristic
was classically used to explain its successful coloni
sation of the area. In Vanuatu, the absence of native
amphibians was often explained by the presence
of porous volcanic soils that do not retain surface
water and thereby prevent most amphibians from
laying their eggs. Such an assumption is wrong,
as the recent successful introduction (see below)
of an Australian frog to Vanuatu has shown. The
introduced species adapt to local conditions and
some populations now reach considerable densities.
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The Natural History ofSanto

Platymantis is suspected by some experts to have
been transported by man but if that is true, the
reason for its absence from Vanuatu is unclear. A
recent geological hypothesis for the former posi
tion of Vanuatu is now more in accordance with
such an absence. Vanuatu is geologically younger
than Fiji and the Solomon Islands and the archi
pelago was previously located north/northeast of
Fiji (see discussion). Platymantis, as well at least
one Eleutherodactylus species, another insular frog
genus from the West Indies, is suspected to have
internal fertilisation and a single gravid female
can give birth to a new insular population; note
however that internal fertilisation has never been
confirmed for Platymantis. Despite such presumed
adaptations, native frogs never reached Vanuatu.

AMPHIBIA, HYLIDAE
Litoria aurea

The Green and Golden Bell Frog, L. aurea, is a
hylid frog from coastal areas of New South Wales
in Australia where it is paradoxically considered
a threatened species. It has been introduced by
humans to New Zealand, New Caledonia and
Vanuatu. Its introduction to New Zealand dates
from 1867-1868 from whereit was introduced to
New Caledonia. The first Ne'w Caledonian report
dates from 1926. It was also introduced to Hawaii
around 1920 but without success. The introduc
tion to Vanuatu was most probably made from
New Caledonia by planters around 1960, ostensi
bly to control mosquitoes. In 1975, Medway and
Marshall reported that: "There are no amphibians
native to the New Hebrides, and none was taken by
Dr Felix Speiser who collected herpetological mate
rial in these islands in 1910-1912". The first pub
lished report of that frog for Vanuatu was made
in 1967 by Fischthal and Kuntz in their study of
amphibian and reptile parasites. In Vanuatu, the
frog is presently known from Elate, Malakula and
Santo, which are among the largest islands of the
archipelago, and therefore the ones that are best
able to retain fresh water for long periods. Note
however that the species also exists on the small
island of Aore off Santo. On Santo it is encoun
tered as high as 1132 m a.s.l. It was reported from
Santo in 1975 by Medway and Marshall and by
Challacombe in 1986. I have observed that frog in
the most favourable habitats of Santo, particularly
in taro plantations.

The colonization and spread of introduced popu
lations was rapid on Efate, thus showing that
habitats on Vanuatu are favourable for amphib
ian life, contrary to what was formerly believed.
The absence of native amphibians on Vanuatu
therefore remains a biogeographical mystery that
is probably best explained by former geological
and tectonic events.
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Figure 204: Some specimens of L. aurea show a light green
dominant colouration that is typical of the species. A typical
dark band runs from anterior eye border to the nostril.
Matantas, Santo.

Figure 205: Typical colouring is variable in L. aurea and not
all specimens are light green, some being dark green or even
nearly completely brownish. Santo.

Figure 206: L. aurea is common in flooded taro plantations. Tasmate, Santo.

The Green an d Golden Bell Frog shows a hig h
bo dy size and colour variabili ty. Col our is gener
ally green ish on the back with brown or golden
varia ble size d marks , particularly on the limbs . A
distinct ligh t band is see n on the sides of the head
extending along the body, often wi th a fine black
band below, mos tly visible in front of the eyes.
Eyes are golden ish with a horizon tal dark colored
band typical of the genus. The belly is granu
lar and white. Sno u t end is sometimes turquoise
blue . Some frog sightings, err oneously recorded as
unknown endemic frogs , alm ost certainly refer to
unusual color morphs of L. aurea.

L. aurea lives mostl y in or aro und wa ter, and is an
excellen t swimmer often seen where aq ua tic veg
eta tion is well-developed. When disturbed , the frog
dives and swims under water to escape. L. attrea is
often active and singing after rain .

Amphibians from Vanuatu - TOADS

AMPHIBIA, BUFONIDAE
BtifomariJ1us

In 1985 Challaco mbe reported in th e loca l news
paper Vamwtu Wee1? ly the collection of a specimen
of the toad Bufo murinus [som etimes also called
RhiJ1 ella marina]. It has been widely in troduced
on tropical Pacific islands and Australia, where its
spread has been spectacular. No other observation
of that toad has sinc e be en reported from Vanuatu .
That observation co uld also correspond to an unde
scribed (ende mic") species but tha t is unlikely;
more pro bably it refers to unusual color mo rphs
of Litoria aurea that could have been mistakenly
confused with a "large brown toad" . Th e same
pap er also repo rte d a small green arbo real frog. Th e
abs ence of endemic amphib ian s in Vanuatu seems



to be confirmed by recent collections, however it
cannot be excluded that additional field collections
will discover such an undetected endemic animal.

••• Reptiles from Vanuatu - CROCODILES

CROCODYLIA, CROCODYLIDAE
Crowdylus porosus

A dwarf fossil crocodile, Mehosuchus halpohasi, has
been described from Efate. This recently extinct spe
cies was most likely exterminated through human
predation since fossil remains are dated about
3000 BC. The absence of rigorous pre-quaternary
and quaternary dating of fossil vertebrates from
New Caledonia, Vanuatu and Fiji does not allow
us to establish colonisation routes for mekosuchine
crocodiles in the south Pacific but they most likely
derive from an Australian dwarf crocodile stock.

Crowdylus porosus reaches its eastern distribution
limit in Vanuatu. The species is present from south
west India to northern Australia and New Guinea,
Micronesia, the Solomon Islands and Vanuatu. The
occurrence of occasional specimens on New Caledonia
and the Loyalty Islands is confirmed. The species
reaches more than 7 m total length and is typical by
its nuchal scalation and its bone crest above each eye
extending at mid-length on the snout. Commercial
exploitation has decimated many populations, except
those of New Guinea and Australia that are still
exploited under the control of strict management pro
grammes. C. porosus is present in marshes and coastal
areas but is not exclusively associated with saltwater.

The species was still common at some places on
Vanua Lava (Banks, northern Vanuatu) before 1972
and its population was estimated at about 200
specimens at that time. That crocodile was respon
sible for a significant predation of pigs and cattle.
The largest known specimen from Vanuatu reached
5.5 m. The 1972 hurricane was particularly violent
and subsequent floodings can certainly explain the
elimination of those crocodile populations, either
by washing them away or by the destruction of
their habitats and nests on the island. Sightings
still take place but their frequency is now low. No
human attack cases are known from Vanuatu.

Dickenson reported an estimation of the Vanua
Lava population at 50 individuals [Ministry of
Lands]. Hunting is uncommon but hunters coming
from the Solomon Islands around 1973 killed seven
individuals and in January 1980 an additional indi
vidual of 4.8 m length was killed by an Australian.
Dickenson demanded the strict protection of the
Vanua Lava populations of Silver River through the
creation of a National Park or a Nature Reserve.
In 1993, the species was still considered as facing
extinction on Vanua Lava. (See: http://www.flmnh.
ufl.edu/natscVherpetology/act-plan/cporo.htm).

The Natural History of Santo

No specimen of that species from Vanuatu is pres
ent in the BMNH collections. That crocodile has
been reported from Vanuatu by several authors. The
species was reported from the Santa Cruz Islands,
Solomon, not far from northern Vanuatu by Roux. A
jaw of that species from Vanikolo (Solomon; some
times called Vanikoro) is present in MNHN col
lections (Francois collection). Several reports also
exist from Tikopia (Solomon) not far from northern
Vanuatu. When Baker visited Santo in 1927, he
observed a large crocodile track near the mouth
of Yoro River but did not see the animal that was
regarded as rare on the island. Dickenson reported
some crocodile observations from Santo and Malo
around 1980-1981. It seems likely that the species
is now extinct on Santo and other Vanuatu islands
and now only survives on the Banks archipelago.
However occasional observations of vanished speci
mens can still be possible on Santo but occurrence
as established populations is excluded.

••• Reptiles from Vanuatu - LIZARDS (Iguanidae)

SQUAMATA, IGUANlDAE, IGUANINAE
Brachylophus bulabula

Fiji is considered to have originated from a vol
canic geological .event dating at least 45 million
years ago. Iguanas arrived through floating rafts
from South America. However it is also thought
that Madagascar iguanids originating from an older
lineage arrived before the Gondwana landmass
breakup (50-70 million years ago). Iguanine ances
tors of that endemic FijianITongan lizard group have
formerly travelled more than 8000 km, which is one
of the longest known dispersal events by large ter
restrial vertebrates via natural rafting. Among central
Pacific island iguanas, two genera and. five species
are recognised among which two species are extinct,
Lapitiguana impensa from the Fijian late quater
nary, and Brachylophus gibbonsi from the Tongan late
Holocene. Both were probably eaten to extinction
after the arrival of humans about 2800 years ago.

A recent study has shown that existing species com
prise Brachylophus vitiensis in northeast Fiji (dry for
est), a new species in the centre of Fiji, B. bulabula
(moist forest), and B.fasciatus in the southeast of Fiji
(Lau group, dry). Vanuatuan populations have been
shown to belong to B. bulabula. Tongan populations
were also introduced from the Fijian Lau group and
they belong to B. fasciatus (type locality).

Brachylophus bulabula, which was collected for
the first time on Vanuatu in 1976, seems to be
a recent introduction originating from different
Fijian stocks. It is now established in Vanuatu in
the southwest of Efate Island. This population is
recent and the first wild individuals were caught
in the vicinity of Mele Maat. It is believed that
they came from a small zoo on top of Klehm Hill
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and were rela sed into the nea rb y fores t so metime
prior to 1980 whe n th e zoo clo sed . Gib bon s noted
that a Ge rma n rep tile co llec tor nam ed Heinrich
Bregulla (who dep osited an importan t reptile co l
lection at the Senc kenberg Mu seum of Fran kfurt
am- Mai n ; see above) lived on Efat e. H.L. Bregu lla
au thored a field guide on th e Birds of Vanua tu
(e d . Anthony Ne lson) in 1991. He left Fij i, wh ere
he was based , for Efat e in Vanuatu at the end of
the 1960s. It has been suggested that H. Bregulla
took the Vanua tu fou nding stoc k from Fiji to
[fa te in th e lat e 1960s. Bande d igua na specime ns
we re exhib ited a t a to uris t zoo on Efate. After
abou t 10 years of cap tiv ity and pub lic d isplay, the
an ima ls we re released. The firs t wild B. bulabula
wa s co llected on Ela te only three mon ths after
the departure of Bregu lla . The spec ies is now well
es tablis hed in th e a rea of Klem ms (or Klern 's) H ill
on Efa te (near MeleMar t) and it is th e only area
on th e arc h ipe lago w here it has been rep orted .
The spe cies is abu ndan t aro u nd the wa terfall and
is sometimes carried by ch ild ren on th eir shoul 
d ers to at t ract tour is ts . Their ac tu al di st ribution
ex tends a t leas t to Pan go. Horr ocks co ns ide red
Vanua tu pop ulat ioris to be ex pan ding. T his see ms
to still be the case.

B. bet labet /a in cuba tion can las t as lo ng as 8-9
mon ths , a long time compared to most other liz
ard species . Suc h an incuba tion period ex plains
the col onisat ion capacity an d raft tra nsport poten
tial for its an cestors' arr ival from the neotropics.
Hatchlings ca n surv ive a long time without ea ting ,
living on the ir fat reserves . Males are larger than
females an d th eir white bands are more obvious . In
the sun , green dom ina nt coloratio n ra pidl y darkens
an d th e white marks become more visible. On ly
males hav e do rsal light bands whereas females are
nea rly uniform green. This spe cies can vary its
colora tion in a spec tacu lar wa y according to its
physio logical state (stress , sexual dis plays ... ) This
facu lty has been attributed to the presence of cu ta
neo us recep tors rather than nerve con nections to
the vision system . Adu lts as well as juveniles po s
sess fu nctional nasal salt glan ds. Such glands cou ld
have permitted that lizard to un de rgo its tra ns
ocean ic travel allow ing its colonization of Fiji .

In captivity, ban ded igu anas readil y ea t Hibiscus sp .
flowers . They feed mostly on plant s but [hei r food
so urces can vary from co mplete ly vegetaria n to
almost tot all y insectivorous . Fem ales lay 3-4 eggs
(40 x 30 mm ) that are de posited in a ho le dug in
the soil. In the laborato ry, at 30°C, inc ubation tim e
was 17-23 weeks 0 19-161 days) . Hat chling bod y
siz e is 65 mm whereas adu lt siz e is abou t 160 mm ,
ma les being larger th an females . Tail length is
abou t th ree times bo dy size .

Fijian iguanas (t hree endemic sp ecies) are particu
larl y threat en ed by the recent introd uction of the

ma ng oose Herpestes auropunctatus on nu merous
islands , and by ot he r introduced mammals like
cats , pigs , and goa ts . No te that all igu an a species in
the genus Brachylophus are on the CIT ES ap pendix
I list and live specimens ca n reach a very high pr ice
in bo th th e legal and illegal pet trade. However it is
possible to ob tain live sp ecimens on Elate for only
a few euros ' Local au thoriti es need to tak e care on
th e attrac tive ness of tha t spec ies for smugglers ; the
Vanua tu price makes th em pa rt icularly competi
tive . . However , th e occurrence of B. bulablda in
Vanua tu is problemat ic because o f its CITES sta tus .
In Vanuatu it is clearly an alien species and as such
has no con servat ion significance or value. In fac t,
it cou ld be valid ly arg ue d that it shou ld be eradi
cat ed to prot ect the lo cal biota . However, because
of its present situa tion in Fiji , where it is serio usly
th reat en ed by a wide varie ty of anthropogenic fac
tor s , the eradication of the po p ulation in Vanua tu
would be cont ro versia l an d ce rtain ly ma ke it hard
to a rgue agains t export for science or th e pet tra de .
Live animals fro m the Mete populati on are fre
quently on sale in th e market place in Vila, as pe ts
and not for food .

No sp ecimen of [hat sp ecies from Vanu atu is pres 
ent in BMNH or MNH N co llec tions . Two spec i
mens from Efate are pre se nt in CAS collections .

00 0 Reptiles from Vanua tu - LIZARDS (Gekkonidae)

SQUAMATA, GEKKONlDAE
Gehyra mut ilata

The gecko Gehy ra muiilata is Widespread and
b roadl y d istr ibu ted in th e tr opical Pac ific an d
In dian ocea ns, as well as on the Asian mainland.
Th e Indian Ocean popu lations. wh ich are gener
ally attribu ted to that spec ies , certa in ly belon g to a

Figure 207: Gehyra mutilata from Toga Island, Torres. Specimen s
from thi s populati on are highly contrasted and patterned. They
typi cally have narrow white rings on their tail and a dark band
bordered with white behind their eyes. They can easily lose
their skin wh en handled .



different taxa and the nam e Gehyra peroni sh ou ld
be applied to them. In th e same way Gehyra insu
lensis should be applied to the Pacific popula tions,
as the mo rphology and ecology of bo th populations
are differen t. The status of geograph ically int er
mediate Asian popula tions has to also be carefu lly
clarified since the typ e locality (Philipp ines) of G.
mutilata is locat ed there. Th e species is widespread
on Pacific islands but gene rally no t abundan t.

Only one im matur e specim en was co llec ted in
Vanua tu from Efate by].R. Bak er in 1924 or 192 5 .
Th e species is considered to have been recently
introduced to Vanuatu. Fieldwork by Med way an d
Ma rsha ll on Efate did not locate th e species. The
on ly occ urrence on Efate seems to be lin ked to a
rece nt introduc tion of the sp ecies on the arch ipel
ago . No te tha t in 1980 McCoy rep orted the species
fro m Santa Cruz , so uthe rn Solomo n, not far from
northern Vanua tu.

Our recent surveys on San to did not succeed in
locating th is gec ko . However , during a foll ow- up
expedi tion to the Torre s Islands I co llec ted nu mer
ous speci mens of G. mutilata in th e main village
of Toga island (November 2007). The species was
co llec ted on hou se walls in sympatry wi th ano the r
gecko , Lepidodactylus lugubris, where both we re
common . G. mutilata was certainly recent ly intro
duced to that village and was not found anywhe re
else on th e Tones Islands. Moreover ano the r intro 
du ced snake, Ramphotyph lops braminus was also
eo llect ed for th e first tim e in this island gro up
and in the sa me village. Thus I suspec t a recen t
introduct ion of both species to this village, prob
ably not from Van ua tu becau se G. mutilata had n ot
been collected there previou sly. The colour pattern
(narr ow white bands on tail and back), rapid and
significan t loss of skin when handled and sm all
size of G. mutilata link the Toga population to

Asiati c ones rat her than other Pac ific pop ul ations
or even those in the Indian Ocean. Th e abse nce of
natural popul ati ons of th at Widesprea d species on
Vanua tu remai ns a myst ery. It has been proposed
th at G. mutiiata has an eco logy on Pacifi c islands
th at is co ns is tent wi th hu man -mediated di sper sal ,
in suppo rt of th e conclus ions of its geneti c data . I
do not agree wi th suc h conclusions since th e eco l
ogy of G. mutiiata is not more reliant on a human 
mediated dispersa l th an the ecology of G. oceanica,
which is considered as a pot ential natural colonist
of those islands . G. mutilata is not a typical for
est species on Paci fic isl ands an d mo st frequ ently
occurs along coa sta l pla ins and on ato lls such as
those in Fren ch Polynesia .

SQUAMATA, GE KKO NlDAE
Gehyra oceanica

Th is gecko Gehyra oceanica has a nearly continu
ous distribution from northern Australia (occur
rence not confirmed ) and New Guinea, Mariannas
and Palau to Easter Island . G. oceanica is curi
ously absent from Hawai i. Accordin g to Bauer
and Henle, that sp ecies occurs in nearly the whole
of Vanuatu. Rou x and McCoy repo rte d the spe
cies from San ta Cruz an d Reef Islands , so uthe rn
Solo mon. Th e species was so me times mi xed with
G. vorux . According to sca le charac te rs (mos tly th e
numbe r of toe lamellae and fem oral pores) , Beckon
recogni zed th ree morp ho types, respectively located
in Micronesia , Solo mo n (Bougainville) and other
pa rts of Oceania; he sugge sted that these for ms
could correspond to three dis tinct species bu t no
recent s tudy has co nfi rme d that point of view.

G. oceanica has 13-20 lam ellae on the fourth toe ,
12-50 prean al and femo ra l po res, a snout-ven t
length varying fro m 27-1 02 mm (52-102 m m for

Figure 208: Gehyra oceanica is a common gecko of Vanuatu. It is most frequently found in and around houses but also in cultivated
areas. However the species is present but rare in forest where favourable habitats are uncomm on. The species is more common in
small rural villages than in towns like Luganville.
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Table 22: Eggsize and mass for C. oceanica from Tonga,Viti Levu (Fiji) and Rotuma (Fiji), compared to our data for Santo and French
Polynesia. MES: mean egg size (mm). MEW: mean egg weight. * n = 88.

Locality n MES Range 11 MEW
- ---

TONGA 7 12.4 x 14.0 12-1 x 12-15 1.25
- - - -

FIJ I (Viti Levu) 4 12.3 x 14 12-13 x13-15 1.18
-- -

FIJI (Rotuma) 10 12.5 x 13.5 11.8- 13.1 x12.6-14 1.26
- - - ----- - r-- ----<

VANUATU (Santo) 26 12.4 x 13.6 11.4-133x12.2-15.2 /
- --

FRENCH POLYNESIA (Moorea) 55 11.6 x 13.1 10.8-12.4 x 12.7-14.9 1.06*

Table 23: Hatchling size and mass for C. oceanica from Tonga and Rotuma (Fiji), compared with Moorea Island (French Polynesia). MHS:
mean hatchling size (mm). MTL: mean tail length (mm). MHW: mean hatchling weight (g). * n = 62. ** n= 55.

Locality n MHS Range MTL Range MHW

TONGA 7 33.7 3335 29.7 28·32 0.83
- ....

FIJ I (Rotuma) 33.6 33.1-34.2
- - ----- -- -- .. . -- - c-
FRENCH POLYNESIA (Moorea) l 30.7* 28--33 0.76**

Table 24: Egg size for C. oceanica from two localities on Santo, Peavot village on the east coast of Cape Cumberland and the
mangroves of Palikoulo. MES: mean egg size (mm).

Locality n MES Range

Peavot 11 12.77 +/- 0.37 x 13.82 +/- 0.38 12.21 -13.33 x 13.37-14.59
- - ---- --
Palikoulo 12 12.01 +/- 0.33 x 13.30 +/- 0.87 11.38-12.52 x12.24-15 .18

Figure 209: C. oceanica is a massive gecko with a large head
and heavily built limbs allowing it to easily climb large trees.
Adult snout-vent length varies from 60-90 mm and the tail is
nearly equal to body size.

Figure 211: Hatchlings of C. oceanica are strongly patterned.
Their tails are dorsally annulated with dark and light rings.

Figure 210: C. oceanica has enlarged finger and toe pads, the
terminal portion of each digit arises from the middle of the
enlarged pad and each digit terminates with a well-developed
claw. The pinkish band on the posterior part of thigh and leg is
typical of the species.

Figure 212: C. oceanica hatchlings typically have a pinkish
wash around the eye. Total length is about 60-70 mm with a
nearly equal body and tail length.
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Figure 213: Ventral colouration of C. oceanica is either lemon
yellow (that image) or greyish wh ite; there are no intermediates.
Colour polymorphism is not related to sex, is present in both
hatchlings as well as adult s, and has as yet no explanatio n.
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mature ma les wi th femoral and prean al pores) .
The sp ecies occupies a wide spectrum of habitats,
including ma ngroves, inhabitated areas, cultivation
and to a lesser ext ent primary forest, where suit
ab le habitats are rare (dead andJor old tree s) and
gene rally occupied by a larger spe cies of the genus ,
Gehy ra vorax. G. oceanica lays its eggs in com
munal egg laying sites which can so me times ho ld
more than 40 -50 eggs together (each female lays
two eggs ) . Such egg concentra tions can be found
under the loose bark of live coconut trees or eve n
dead trees and all developme n t stages are present a t
th e same time, includ ing ha tch ed emp ty eggs .

Data in tab le 22 clearly shows that the Van ua tu
popula tions of G. oceanica have egg sizes similar to
those of Tonga and Fiji. There are however signifi
can t differences between all of these and those of
French Polynesia as shown in tables 22 &: 23. Such
differences co rrespond to the significan t live colour
differences between Fren ch Polynesian populations
and others an d are no t in ag reement wi th Beckon's
biogeographical separa tion of poten tially disti nct
species . French Po lynes ian specimens are less
colour ed (o ften un ifor m greyish) and less pa tte rned,
they also have less orange-pinkish co lours on their
body, even as hatchl ings, compared to Melanes ian
and Ton gan spec imens. The tails of hatch lings are
o ften ven trally p in kish orange like in other popu
lations . The differences observed between French
Polynesia and ot her islands (Tables 22 &: 23) cannot
be related to hab itat choice since the di fferences are
very low betw een French Polynesian populati ons
when comparing eggs on atoll and more humid
high altitude islands . They really should corre
sp ond to a specific or subs pecific differentiati on
between popul ati on s .

In the same way if I consider populations from two
different habi tats on Santo:

• An east Cape Cumberland po pulation from
the village of Peavot on Santo ,
• The mangrove popula tion of Santo (Paliko ulo ,
15.498°S, 167.251° E);

th e d iffere nces are also relevant (Tab le 24 ) but
slight, and no t to the same exten t as between French
Polynesia and other populatioris (Tables 22 &: 23).

Gehyra oceanica has a wid e distrib u tion in Vanuatu.
It is reponed from Torres and Banks in the north,
and to the south on most if no t all other islands
until Anatom in the ex tre me so uth of the archi
pelago. The species was reported from San to by
Medway an d Marshall in 1975 . Speci mens from
San to are present in several museum co llec tions:
AMS, BMNH , MNHN and UMMZ. Some recent

Figure 214: Adult males of C. oceanica are easily distinguished
from females by the presence of a large swe lling on each side
at the base of the tail (red arrow), cloacal spurs and a typical V
shaped row of femoral and preanal pores (wh ite arrow) .
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data are consisten t with th e hypothesis tha t G.
oceanica was natur ally dispersed ac ross the Pacific,
p rior to th e arrival of human s.

SQUAMATA, GEKKONlDAE
Gehyra vorax

Fo r abou t 75 yea rs after its origina l description ,
G. vorax was regarded as a valid species , disti nct
from G. oceanica. In 1932 , Bur r and Burt place d
it in the syno nymy of G. oceanica. That concep t
was acc epted unti l 1984 due to new data from
Gibbo ns and Clunie. Th e rev ision of Beckon in
1992 sh owed that this species has clear differen ces
from G. ocecl1lica in terms of habitat, be hav ior, and
ecology, but also morphology.

G. oceanica has lam ellae on abo u t half the toe
pad whe reas in G. vorax lam ell ae occupy two
thirds o f th e pad . Th e pad is also distinctl y larger.
Fu rthermore G. VOr CLY has a mo ttle d pattern and a
greater nu mber of subdigit al lamellae (more tha n
18 (19-34) vs 12- 15 in G. cceanicai . For G. vorax,
Beckon indica ted 26-90 pores , a snou t-ven t length

of 35 -156 mm and 90-156 mm for ma ture males
wi th pores. G. vorax is less com mon in collec tions
than G. oceanica. I have also noted that even as a
ha tch lin g and ju venil e , G. vorax can easily be dis
tin gu ished from G. oceanica. Th e former has only
abou t 5-6 dark dorsal tail bands whereas the late r
has at least 9-10 su ch bands.

According to ex terna l morphological charac ters
(toe lam ell ae and preanaVfemora l pores), th ree
morphot ypes are distin guished in G. vorax: Fiji ,
Vanu a tu and New Guinea . Fijian and Vanuatuan
specimens do not sh are the same colora tion and
can easily be dist inguish ed . Th e morp hotype from
New Guinea looks very closely like G. oceanica
(the later sp ecies being absen t from th ere) and
could correspond to Gehyra membranacruralis. G.
vorax does not occ ur in New Caledonia where it is
replaced by Rhacodactylu s sp. It is however presen t
on th e Loyalty Islands . Repo rts from Tonga see med
to be valid bu t the species is now co ns ide red to be
ex tinct on that islan d gro up, but of course mi ght
still occ ur there. Beckon supposed th e ex tinction
of G. vorax on Tonga arose through habitat pertur
bation or destruct ion bu t suc h a hypothesis is not

Figure 215: In contrast to hatchlin gs of C. oceanica (left), those of C. vorax (right) have only 5-6 dark dorsal tail bands. Santa.

Figure 216: Adult male of C. vorax on a giant banana trunk at
Butmas, Santa.

Figure 217: Red morph (female) of C. vorax. Butmas, Santa.

Figure 218: Eggs of C. vorax (numbers 3 and 6) can easily be
distin guished from smaller ones of C. oceanica (numbers 1
and 10) and also from all other species of Vanuatu by their size
and circular shape. Santa.



acceptable since primary forests are still present
on several islands like 'Eua. A fourth morphotype
from the Moluccas could also represent another
distinct species. Thus the available biogeographic
and morphological data seem to agree with mul
tiple species in the G. vorux complex.

G. VOrCI..x is poorly represented in world museums
and its biology is only poorly known. It is the sec
ond Largest gecko in the southern Pacific; on Fiji,
its total length reaches nearly 25 cm. The body is
heavily built with strong muscles; fingers and toes
are widely enlarged. Locals fear the species due to
the way it mimics vegetation, its capacity to produce
sounds, its adherence to human skin associated
with its developed subdigital lamellae, strong claws
able to cause injuries, and also its capacity to lose
skin when handled. I have observed a green muscle
colour under the lost skin in one specimen from
Butmas on Santo. In Fiji, some specimens show a
dorsal colour pattern comprising an alternate brown
and grey-blue or greenish bands sometimes caus
ing confusion with endemic iguanas of the genus
Bmchylophlls; such colouration was not observed in
Vanuatu. In that area the gecko is named the "lizard
that barks like a dog" and its cry can be confused
with that of the pigeon Ptilinopus luteovirens. Its
diet is based on fruits and in captivity it readily
eats papaya. It is mostly a forest species but it can
also be seen on breadfuit trees or even large banana
plants, Pandanus sp., coconut trees, large palm trees,
mangroves, sometimes not far from human habita
tion. Contrary to Gehym oceanica, it never enters
human habitation. G. vorax is an arboreal species
showing a clear tendency to avoid man, contrary to
G. oceanica. I suspect that species to be naturally
less anthrophilous than G. oceanica and not to avoid
humans as a secondary adaptation to its fear of
being predated for meat. G. VOrCIX is hunted for food
in Fiji and also on Vanuatu where G. vorax is often
active during day time. Its skin perfectly matches
tree trunks covered with lichen, and it can change
its coloration from light green to grey or dark choco
late brown. On Vanuatu, sexual colour dimorphism
occurs: adult females are rather brownish and adult

The Natural History of Santa

males greyish to greenish. The species is difficult
to collect or observe in the field since it often lives
high on tree trunks and even in the canopy, mostly
in primary forest. When sympatric with G. oceanica,
G. vorux is found higher up towards the canopy. G.
vorux is less common in coastal forest and highly
disturbed habitats than in deep humid forests.

Eggs of G. vorax are clearly larger than those of G.
oceanica with which it was long confused. Gibbons
and Zug measured two eggs from Fiji (Viti Levu
Island) with a mean size of 18 x 20 mm and a mass
of 3.9 g. The mean size for three eggs from Santo is
17.57 x 19.24 with ranges of 16.59-18.11 x 18.59
19.75 mm.

G. vorax is particularly sensinve to two threats,
deforestation and the international pet trade. The
species is regularly and easily available on the
internet from where several colour morphs can
be obtained from Vanuatu ("red morph", "ornate
morph").

G. vorax was reported from several islands of Vanuatu:
Erromango, Efate, Epi, Malakula, Pentecost, Aoba
and Santo. Specimens from Santo are present in
AMS and MNHN. The species was never reported
north of Santo and south of Erromango and seems
limited to the largest islands of the archipelago.

SQUAMATA, GEKKONIDAE
Gehho vittattlS

G. vittatus is present in the Indo-Australian archi
pelago from Java (Indonesia) to New Guinea, Palau
[probably a distinct species], Admiralty, Bismarck
Archipelago, and as far as the Solomon Islands
(Santa Cruz Group) and northern Vanuatu. The
species was reported from Santa Cruz (southern
Solomon) by Roux based on one specimen from
the Speiser collection (NMBA). He stated: "C'est,
a l'est, le point de dispersion le pills extreme connu
pour cette espece. Notre exemplaire n'appartient pas
a la var bivittatus D.B.", thus indicating observed

Figure 219: Gekko vittatus is an arboreal species living on small branches of small trees and shrubs. Torres Islands.
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Figure 220 : Like all lizards, G. vittatus sheds its skin in pieces.
Torres Islands.

differences with Gehho bivittatu s from New Guinea.
McCoy also reponed the species from the Sant a
Cruz Island s, Sout hern Solomon. Cranbrook and
Pickerin g reponed th e spe cies from the Banks :
Vanua Lava, Mora Lava and Gaua (nowadays San ta
Maria ). Bauer and Henle stated: "A single, question
able record f rom the main islands of Vanuatu" . Bun
and Bun con sidered the species unable to migrate
south of a limit fixed by Banks and Santa Cru z, a
statement tha t seems correc t.

Th is relat ive large geck o can be distinguish ed from
other geckos from Vanua tu by the lack of claws on
its fifth toe and finger an d its flatt ened and elon 
gated body. The MNHN specimen from southern
Solomo n (Vanikclo) shows a sno ut-vent length
of 98 mm, tail leng th 96 mm, 12 supra labia ls ,

10 infralabials , and 23 lam ellae on the fou rth toe.
It shows larger granules on the back se parate d
between them by smaller sca les. The th roat is cov
ered by enlarged separated granules and followed
by tru e scales on ches t and belly, withou t granules.
Th e legs show enlarge d sca les anteroven trally, fol
lowed by distinct ly sma ller granules in the poster
oventral area. Postrnental scales are asymmetric and
median. Four su ccessive larger scales lie behind the
mental plate. Th e mouth is elongated by a der
mal fold goin g up to jus t below the ear. Th e tail
cross -section is typically circular. Accordi ng to my
observatio ns , th e Vanua tu and sout hern Solomo n
specime ns clearly differ from Ind onesian popula
tions and might represent a separa te taxon .

In Vanuatu , the spe cies was reponed from th e
northernmost island s: Torres Islands (Hiu, Tegua ,
Loh , Toga) and Banks Islan ds (Mora Lava, Vanua
Lava, Santa Maria) wh ere it is common. It was also
recorded southernly, from Malakula by McKerras
bu t its occurrence there has not been reconfi rmed.
Our research on San to and Torres d id not confirm
its pr esence south of Banks . Locals cons ider the
species to live in dee p forest , which is wro ng . It
is so me times ea ten by the local peo ple . On Tones
Islands, the locals told us that children often use
tha t lizard to mak e scarifications (tattoos) . They
ge t the lizard to bit e them on body parts like the
arm , th en toss it away to produce injuries that
later give rise to a kind of "V" shaped scarifica
tion. That gecko is th e main pre y of Barn Owls on
the Tones Islands.

Figure 221: G. vittatus femal es deposit two adhesive eggs und er bark or mor e generally under vegetation , like here in th e axil
of a Pandanus sp. leaf. Torres Islands. Detail: Eggs of G. vittatus have nearly the same size as those of G. oceanica but can be
distinguished because they are adhesive.



Figure 222: In this gravid female of H. frenatus, eggs are visible
through the body wall. Matantas, Santo.

Figure 223: Head of H. frenatus.ln Vanuatu, geckos (Gekkonidae)
can be distinguished from skinks (Scincidae) by the presence
of small granules on top of the head in the former and large
symmetrical head plates in the later. Matantas, Santo.

The Natural History of Santo

SQUAMATA, GEKKONID AE
Hemidaetylus frenatus

The gecko Hemidactyl us frenatus is a recent colo
nist in Vanua tu where it arr ived most likely around
1980 th rough man -medi at ed int roduction . H. fre
natus pr esently occur s on almos t all tropical and
subtropical areas of th e Ind o-Pacific. It na tura lly
occurs in Sou th and Sout heast Asia but also on part
of the Indo-Aust ralian archipelago . It is an invasive
spe cies particularl y adap ted to human dispersa l. It
is generally believed to compete with indig en eous
species and displace them . Suc h sp ecies int erac
tions were not ed as early as 1985 by Gibbons on
Fiji , where populations of H. garnotii seem to su ffer
from suc h com petition . In Vanuatu , the species is
common in many villages and towns where it is
of ten syntopic with Lepidodactylus lugnbn s an d as
yet has not repl aced th e latter.

Figure 224: H. frenatus is only active at night and does not
hesitate to come to electric lights to capture the attracted
insects on which it feeds.

Figure 225: H. frenotus can be distinguished from the other house gecko Lepidodoctylus lugubris, by its larger adult size, the lack of
deep black symmetrical spots on the back, and regular rings of erected granules around the dorsal tail vs only lateral small spines
in L. lugubris. Luganville, Santo.
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This in troduc ed gecko was only reported from
Efate and Espiritu San to in 1994 and more recen tly
(2008) from Mala kula. Specimens from Santo are
present in the Australian Museum (Sydne y) and
MNHN. AMS collecti on s ha ve specimen s from
Luganville (San to) and Port Vila (Elate) collected
in 1984. BMN H do es no t possess any specimen s of
this species from Vanu atu.

SQUAM ATA, GEKKONlDAE
Hemidactylus garnotii

Th e gecko Hemidacty lus gamo tii has a broad dis
tribution including the ent ire tropical Pacific, from
New Guinea to French Polynesia. It occur s in India
and mainland Southeast Asia throu gh Indonesia to
the Philippin es. It is apparen tly absent from most of
Melane sia and Micronesia. The species is, however,
poorly represented by vouc her specimens because it
is relatively rare.

H. gamo tii is a parthenogenetic spec ies. It has a
flatten ed appea rance and an enti re tail with only
lat eral spin es but no do rsal spine rin gs. The ventral
pa rt of th e tail is often co loured reddi sh pink in
juven iles and subadul ts .

The species has not been previous ly reported from
Vanuatu, but its abs ence is certain ly an artifact ,
as is the case for Gehyra muul aia. H. garnotii is
confirmed by a vouc her at BMNH from Ana torn,
collected by Miss Cheesman bu t th is record most
likely constitutes a wrong identification. During the
San to 2006 expedition , I collected two sp ecimens
from the village of Tasm ate, on the western coast of
Cape Cum berland: these represent the first records
of the species from San to and the first vouchers for
Vanuatu . It is certainly just a rare species that is dif
ficult to locate.

Gibbons an d Zug (987) provide some data on
eggs and ha tch ling from 'Eua Island (Tonga): one
egg size was 9 x 10 mm , mass 0.6 g; three hatch
lings had a mean sno u t-ve n t len gth of 27.3 mm
(range of 27-28), a tail length of 20 mm (range
19-21) and a mass of 0.31 g (range 0.28-0.36) .

SQUAMATA, GEKKONlDAE
Hemiphyl10dactylus typus

The gecko Hemiphyl10dactylus typus has a wide
distribution ex tending from South Asia to th e
Mascaren es , through In donesia, Ph ilippines and
the whole tropical Pacific to French Polynesia . In
Oce ania, the spe cies is represen ted by only a few
records. This poor representation is the result of its
rarity. It has not been reported from Vanuatu , but its
abse nce is unlikely, an d it will certainly be discov
ered in the coming years . It is a sm all gecko wi th a

typical elonga ted bod y and sho rt enlarged toe pads.
It can be present in forest as well as aroun d human
habitation but is not attracted to lights on houses .

SQUAMATA, GEKKONlDAE
Genus Lepidodactylus

In his PhD th esis , Russe ll considered the gen era
Gehho, Pseudogehho, Luperosaurus, Pty choz oon,
Lepidodactylus, Hemiphyll odactylus, Gehy ra and
Perochirus as belon ging to th e same relation al group,
the Gehhogrou p oft he su bfamilyG ekko ninae .Within
the genus Lepidodactylus, he exam ined toe mor
phology and formulated an evolu tionary hypothesis
related to distal transformations, mostly a reduction
of the number of subdigi tal lam ellae, acco mpan ied
by a med ian division of some distal lamellae to for m
two rows . Lat er, Brown and Parker indicated that
a mo re compressed tail and members habitus is
parallel to that evolu tion. Th ey distinguish ed three
evoluti onary lineages in the genus Lepidodactylus.
Grou p I species (pll1nilus-oorti group) still possess
nu merous undivided "Gehho like" lam ellae at all
digits. L manni, a Fij ian end emic , belongs to that
group . Group 11 members (guppy i-pulcher grou p)
also have undivided lam ellae but several terminal
lamellae are divid ed . L gardineri, a Rotuma endemic
(north of Fiji) and L vanuatuC11sis (see below) ,
belong to this group . Tails of groups I and 11 are sub
cylindrical, withou t lateral fringes or spines . Group
1lI species (lugubris-w oodfordi group) are charac
terised by a redu ced number of subdigital lamellae
but the terminal and some sub terminal lamellae
divide, associated with a depressed body and a more
flatten ed and widened tail. Group I is considered
as the most primi tive of the genus. Species of that
group are pr esent from Indonesia to Papua New
Gu in ea, Torres Strai ts islands , Solomo n and Fiji , and
on Christmas Island in the Indian Ocean. L listeri
from Ch ristmas Island can not be distinguish ed mor
phologically from L manni of Fiji. Group 11 species
are presen t over a smaller area from north New
Gu in ea, Solomo n, Vanua tu, Ad miralty, Bismarck
and Rotuma. Group 1lI species are the most evolved
spe cies regarding th eir digital structures accord
ing to Russell's hyp othesis. Several distal lamellae ,

Figure 226: L. buleli seems to be endemic from the west coast
dry forests of Santo. It was only observed in myrmecophi lous
plants but it is unlik ely that this represents its only habitat.
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Figure 227 : L. lugubris is easily distinguished from other Vanuatu memb ers of the genus by its dorsoventrally flatt ened tail wi th
lateral indentat ions. This specimen has typical black marks of tripl oid clon e B.

Figure 228: Diploid clone A is the most common clone of
Vanuatu. That clone was recentl y (during World War 11)
introduced over most tropi cal Pacific islands. It is typical by its
seven pairs of double symmetric fine black point s from the neck
to the base of the tail.

including the terminal one , are divided and lam ellae
are in more redu ced numbers , wit h a clear tendency
to disappear at the base of the finger; their tail is
wider and more compressed dorsoven traly. Th ese
species have a wide dist ribution com prising sev
eral Indian Ocean islan ds an d mos t tropical Pacific
islands , reaching both sides of Centra l Ame rica
whe re populati ons are genera lly considered to have
been rece ntly introd uced by ma n.

SQUAMATA, GEKKONIDAE
Lepuuidacty tu: buleli

The gecko Lepidodacty lus buleli is known on ly from
the Cape Cumberland west coast , in the forest arou nd
the village of Penaoru . It was discovered during the
Santo 2006 expedit ion and is know n from two speci
mens, one in bad con dition and the second, the holo 
type, which arriv ed in Paris as an egg that was hatched
and the juvenile grown to an adult, allowing it to be
described. It is a typical group II Lepidodactylus (ter
minallamellae en tire) clue to its cloaca l spurs at base
of the tail in males, its subcylindrical tail, yellowish
lips and dorsal and head pattern.

This gecko has a unique habitat and lives in myrme
cop hilous plants hanging on tree tru nks around 20 m

Figure 229: Ground colouration is variable in most geckos but
black marks are always present in that species and do not
disappear whether the gecko is active under light or under shelter
in the dark during day time. Their size, numb er and position allow
clonal attribution to each individual (diploid or triplo id clones).

high in primary forest of the dry wes t coast of San to.
It is however not unlikely that it occurs in a wider
range of habitats that on ly such kin d of pla nts .

SQUAMATA, GEKKONlDAE
Lepidodactylu s lugubris

L lug!lbris is wide ly distr ibuted from the Indian
Ocean to Sout h Asia (India and Sri Lanka) throu gh
Sout heast Asia, Indon esia, Ph ilippines and almost
all trop ical Pacific islands . Most autho rs co nside r
tha t th e species owe s its broad occurrence to acci
den tal tran sport by man ; even if th e gene tical s truc
ture of the popu lat ions referring to that species
re flect a long evolutionary his tory in th e Pacific.
The spe cies occ urs th roughout Vanuatu and was
reported from th ere alr ead y since a long time .

The species is common arou nd hum an habita tio n
and does not hesit at e to visit th e in terior of hou ses.
It occurs in most habi ta ts from mangroves , culti
vated areas, villages and citi es , an d also in forest
at low elevation . The pop ulat ions of Vanua tu are
unisexual and fema les reproduce clonally throu gh
parthenogenesis. Males have never been reported
in Vanuatuan popularion s. At least thr ee clones are
presen t in Vanu a tu , d iploid recen tly-introduced
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Figure 230: L. vanuatuensis is typical by its yellowish anterior
eye border, short and rounded snout and purple brownis h
colouration.

Figure 232: This male L. vanuatuensis has a swollen tail base
that allows easy sex recognition for adults. Tasmate, Santa.

clone A, and triploid clones B and C which are
rare. In Van uatu , the spec ies was reported from
Tones and Banks groups , Espiritu Santo, Aore,
Malo , Aoba, Tutuba, Malakula , Ou ri , Ambrym ,
Ton goa, Efate, Emao , Err oman go, Aniwa, Tan na,
Fu tu na , Ana to rn. Specimens from Santo are pres
en t in numerous wo rld collec tions : AMNH , AMS,
BMNH , FMNH, MCZ, MNH N, UMMZ and USNM.
Th e spe cies was reported from Santo by Medway
and Marshall in 1975 .

Each female lays two adhesive eggs (adhesive to the
substrate but also to one an other) . Eggs are o ften
deposited in communal egg layin g sites under th e
bark of upright living or dead trees. They can also
be found in rock crevices or even in pompilid wasps
nests . Hatchling snout-vent lengths from Santo vary
from 19-21 mm (n = 13, mean 20.1 +/- 0.9 ) and
tail length varies from 16-2 3 mm (n = 13, m ean
19.6 +/- 1.8) .

SQUAMATA, GEKKONIDAE
Lepidodactylu s vanuatuensis

Th e recent ly described gecko Lepidodactylus vunu
atuensis is a Vanuatu end emic and its type locality is
located on San to (holotype in USNM). It was reported
from several Vanuatu islands: Santo , Elate, probably
Tanna, and Ana tom. Specimens from Santo are pres
en t in the following museum collections: AMNH,
USNM, MNHN and AMS.

Th e spe cies often lives in high numbers on the same
tree,sometimes in completesyntopywith L. Iugubris.
It is p resent around villa ges not far from sea level

Figures 231: Other diagnostic features of L. vanuatuensis are
enlarged dark dorsal symmetric blotches and a roundish tail
section. Females (this image) do not have a swollen tail base.

Figure 233: Hatchlings of L. vanuatuensis are smaller than
those of L. lugubris. They typically have large symmetric dark
dorsal blotch es, a rounded snout, and a round tail section
wi thout lateral fringes.

or on the seash ore, e.g. under tree bark like mango
trees or Casuarina sp . It can be distinguished from
L. Iugubris by its round tail cross secti on , short and
rounded sn out and red bro wnish dors al co loura
tion with a yellow eye border.

Hat chling sno ut -vent length varies from 16-17 mm
(n = 5 , mean 16.6 +/- 0 .5) and tail len gth from
12-15 mm (n = 5 , mean 14.2 +/- 1.3) . Eggs of this
species are sma ller than those of L. lugLlbris; they
are laid in pa irs , s tuck together and onto the su pport
were they are laid in communal egg laying si tes .

SQUAMATA, GEKKONID AE
Lepidodactylus guppyi

L. guppyi is a gro up II Lepidodactylus spec ies . It
was first rep orted by Burt and Burt in 1932 from
Tinakula (Tine hu la) in the Santa Cruz gro up . In
1980 , McCoy recorded th e spec ies from San ta Cruz
and Vaniko lo Islands. I recently collec ted a sing le
spec ime n of th is spec ies in northern Vanuatu (Hiu,
Ton es Islands) in November 2007. It is a forest
arboreal sp ecies observed during th e day under
loose bark on a dead tree in a garden surrounded
by deep forest.

SQUAMATA, GEKKO NIDAE
Genus NactLls

Despite that some populations of NactHS were
considered to be dist inct species in th e pas t, all
populations were su bsequently con sidered as a
sing le , wide-r anging spe cies, Nactus peiagu.us,
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Figure 234: Lepidoda ctylus guppyi (right) can be distinguished from L. lugubris (left) by its habitus and colouration. Torres islands.

until the reVISIOn by lug and Moon in 1995.
Schwaner found only females in Samoan popula
tions , whereas most Australian and Melanesian
populations are bisexual. In 1987 Moritz was the
firs t to review this species complex . He examined
322 specimens from Van ua tu : Banks (Van ua Lava) ,
Esp iritu Santo , Aoba , Malakula ("Maleku la") and
H at e fo r th e northern islands from which popula
tion s comprised males and fem ales , Erro mango,
Tanna and Anatom for the sou thern islands fro m
w here po pulations only comprised fem ales , except
for Ana tom . Ch romosoma l and enzy matic poly
morphism ana lysis shows th at bisexual popula
tions are highly polytypic an d pro bably comprised
severa l species th at could be separa ted into four
geographic groups based on elec trophores is an d
cy togene tics. He mad e no nomenclatural deci
s ion to distingui sh th ose morphologically sim ila r
popu lations . Un isexual populat ions are d iploid,
high ly het erozygou s but do not show a genetic
segregation between them , thus sugges ting parthe
no gen et ic reproduction . The h igh het erozygosity
of unisexuals indicate a probabl e origin through
hybr idizat ion with one of both paren tal species
gene tically sim ilar to th e b isexual popula tions of
no rt he rn Vanua tu and th e second no t ident ified bu t

whose gene tic charac teristics cou ld be predic ted .
Oceania (co mprising the islands locat ed eas t o f a
Phil ippines /N ew Guinea/Solo rnon/Vanuatu lim it)
an d New Caledonia have on ly unisexual popula
tions whe reas Vanuatu possesses mixed popula
tions - bo th unisexu al and bisexu al at the same
time (mi xed on Ana tom in Vanua tu), whe reas
elsewhe re in so u thwest Paci fic p opulati ons are
unisexual. Morit z also shows a sca la tio n cha rac ter
concerning post -mentals allowing th e sepa ra tion
of unisexual fema les (small post- men tals se pa rated
from infra labials) from bisexual females (en larged
pos t-men tals in wide contac t with in fralab ials) .

Durin g a detailed analysis of po pu lations un til
th en att ribu ted to th e N. pelagicus complex , l ug
and Moon in 1995 showed tha t north Vanua tu
and Solomo n populat ions have males and females,
w hereas elsewhe re in Ocea nia and New Caledonia
populatio ns on ly comprise fema les, as in sou th
ern Vanua tu (excep t Ana torn ) . Precloacal pores are
on ly presen t in mal es; un isexual populations have
a signi fican tly larger size than bisexuals but that
charac ter, as with body size , and other statistical
dif feren ces highlighted by l ug and Moon , do not
allow a se rious separa tion of unisex ual and bis exual
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Figure 235: N. multicorinatus is typica l by the presence of dorsal
linesof keeled enlarged granules and black and white striped lips.

Figure 236: N. multicorinatus is often heavy dark when disturbed
during day time. Symmetrical black dorsalmarks can however be
seen on its back. Tail baseis typical by the presence of enlarged
granules forming a kind of lateral spine line. Tones Islands.

Figure 237: When disturbedand stressed. N. multicorinatus often
curlsup its tail. Note the typical black and white striped lips.

populations. Th ose au tho rs noted how ever a clear
tenden cy to a correla tio n bet ween th ose variations
with latitude, and ex plained that phen om en on by
th e influen ce of climatic fac tors affecting devel
op m en t. They sugges t testing that hypothesis by
ana lysing altitu din al variations on a sample from
the sa me island . Mor itz's hyp o th esis , wh ich sup
posed that one of both parental spec ies of th e uni
sexual form would be th e sexual form o f Vanuatu
and the Solomo n Islands seems to agree with those
results. Accord in g to Zug an d Moon , the distincti on
of unisexual from bisexual speci me ns by th e siz e of
pos t-rnentals as shown by Morit z is not always reli
able ; th eir wo rk also shows th at it is impossible to

dist ingu ish unisexu al an d bis exu al fem ales throu gh
m or phology and scala tion . Th e same au thors pro
posed to distingui sh Vanuatu bisexu al popu lations
at a specific level (Gymnodacty lus multicarinatus)
from Oceanian u nisexua l pop ul ation s (Heteronota
pelagica). Two binomen ar e avai lable to name
th e Ocean ian unisexua l popul at ions (Arnouxii
and pelagica). The Internation al Co m m ision of
Zoo logica l No m enclature validated pelagica with
its type locality "Feej ee and Naviga to r Islands". Zug
and Moon 0 995: 88) designat ed a lecto typ e and
rest ri ct the type locality to Ovalau , Fij i . The syn
typic series of Nactlls multicartnaius comprised six
specimens coming from three diffe ren t localit ies .
Again , Zug and Moo n designated a lectotyp e and
restrict ed th e typ e locality to Efate, Vanua tu . Th e
electrophoretic an d cytogenetical s tudies of Moritz,
as well as the mo rp ho- meris tic s tu dy of Zug an d
Moon seem to show th at unisexual populations are
uni form and certainl y arose from a unique hybridi
sa tio n eve n t between two bisexual species .

SQUAMATA, GEKKONIDAE
Nactus muuicannatus

Th e bisexual species Nactus multicarinatus occurs
from the so u thern Solo m on Is la nds to Vanua tu ,
excep t Tanna an d Erromango. On Vanuatu, it
h as b een reported fro m the Torr es gro u p , th e
Ban ks gro up (Vanua Lava, San ta Mari a) , Elephant
Isl and (eas t coas t of San ta) , San to , Malo , Aore ,
Ao ba , Maewo Pentecost , Suwarro , Ouri , Ambrym ,
Ma laku la, Epi , Emao (off Elate) , Niogri k i Is lan d
(no rt h coas t of Efa te) , Efate, An atom. Sp ecim ens
from San to are present in several wo rld museu ms:
AMNH , AMS , BMN H , MNHN and UMMZ .

N. nmlticarinatus is very com mon an d Wides pread
on San to. It is found in many kinds of habitats
and can easily be observed during daytime under
stones and logs at so il level. Its co lourati on is he avy
da rk brown to black when disturbed during th e
day. It lives mos tly on th e grou nd but climbs on
to th e bases of trees , gen erally less than one meter
high at night. This gecko is easy to dis ting uish by
its toes , wh ich are no t enlarged (no toe pads) . N.
muuicarinatus is pr esent above 900 m eleva tion on
San to we re it was th e only species fou nd dur ing th e
day under s tones and dead falle n trees.

SQUAMATA, GEKKO NIDAE
Naaus pelagiCLls

Th e un isexual gecko species Nactus pelagicus is
present from Micronesia, New Caledonia to the east
of Melan esia and Polyn esia. In Vanu atu , N. pelagi
cus seems to occ ur only on Errom ango and Tanna,
perhaps on Ana to m, but it is abse n t from San to . The
sta tus of Anatom populat ions has to be checked.
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Figure 238: Reproduction of the original plate of Perochirus
guentheri by Boulenger (1885: pI. 12, fig. 4).

Gibbons and lug indicated a mean egg size
and mean mass for 5 eggs from Viti Levu (Fiji):
7 x 13 mm , range 6.5-8 x 12-14 mm, mass 0.44 g,
range 0.39-0.49 g.

SQUAMATA, GEKKONlDAE
Perochirus guentheri

In 1976, W. C. Brown revised the genus Perochirus
first described by Boulenger in 1885. He rec
ognized three species all with restricted dis
tributions , limited to one island or a small
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island group. Perochirus scuteiiatus is present
in Micronesia on Tetau Island (Carolines) and
Greenwich Islands (Kapingamarangi Atoll, State
of Pohnpei). Perochirus ateles occupies the Truk
Islands , Kapingamanrangi Atoll, Guam, Tinian,
Ponape , Marcus and Cocos in Micronesia. P. guen
tl1eri is endemic to Vanuatu and the only species
of the genus found outside Micronesia. Perochirus
was erected by Boulenger with Perochirus ateles as
the type species. It shows different characteristics
including a first rudimentary finger, without a
claw and a granular back. In 1954, Underwood
placed that genus in Gekkoninae, principally
based on its pupil shape. Later, in an unpublished
manuscript, Russell considered the genus to
belong to a group of genera including Gehyra and
Hemiphyllodaclylus . In fossil remains discovered
on 'Eua island (Kingdom of Tonga), Pregill noted
in 1993 the occurrence of nine species among
which two are extinct, one such gecko was placed
in the genus Perochirus and a large extinct skink
in the genera Emoia (not E. trossula), Eugongylus
or Tachygyia. This endemic species seems to agree
with the hypothesis that Vanuatu was formerly
positioned north of its current location, near
the putative center of origin of the genus in the
Central Pacific, in the Micronesian area. However,
fossil remains of Perochirus reported from 'Eua
(Tonga) by Pregill could also indicate that the
group previously had a wider distribution. That
author considered Perochirus to have been elimi
nated from Tonga by the most recent arrival of
Gehyra oceanica. An illustration of P. guenlhni is
given in the early work of Boulenger published in
1885. Adult sizes vary from 61 to 71 mm snout
vent length and males possess 10 to 12 preanal
and femoral pores extending to the lower thigh.

P. guentheri is a southern Vanuatu endemic. The
species is known only from four specimens: two
specimens from Erromango collected in 1859 or
1860 (type locality) by Cuming (BMNH) and a
third one collected on the same island in August
1971 in Marshalls tent, on the site of Nuangkau
camp. Cranbrook considered however that origin
to be uncertain and that it could have been trans
ported during the expedition going from island to
island. A fourth specimen from AMNH was col
lected on Anatom but was not reported by Medway
and Marshall in 1975. Note however that a recent
list of BMNH specimens from Vanuatu does not
mention any BMNH Perochirus from Anatom. Thus
the Anatom locality requires confirmation.

No data are available on the ecology of P. guentheri .
P. ateles, a related species, occupies coconut palms
on Kapingamarangi, and one specimen was col 
lected on a bread fruit that had fallen onto a
tree fern branch . P. scutellatus also was observed
on coconut palms on Tetau Island. No data are
available on reproduction .
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••• Reptiles from Vanuatu - LIZARDS (Scincidae)

Most Santo lizards observed during th e day are
sk in ks (family Scincidae) . Th ey can be distin 
guishe d from gec kos by the presen ce of sy mme tri
cal head pla tes and smoo th ove rlapping scales .
Some species are terrestrial and othe rs arboreal.

SQUAMATA, SCI NCIDAE
Caledoniscincus atropul1ctatus

Th e genus Caledoniscincus is a regional ende mic
comprising about 11 recogni zed spec ies of which all
except one are New Caledonia/Loyalty area ende rn
ics. Th e excep tion, C. atropul1c tatltS, occurs through
ou t New Caledonia and the Loyalty islands, but also
in the southern islands of Vanuatu, Its broad distribu
tion in these latter islands sugges t that it arrived in
Vanu atu prior to humans; however, a human medi
ated introdu ction canno t be excl ude d since the spe
cies has probably also been recently introduced to

Surpri se Island off New Caledo nia. Th e species is
widely distributed in New Caledo nia and its arrival
in Vanua tu is sometim es considered to be recen t.
It occurs on Ouvea, Lifou and Mare islands in the
Loyalty Islands, and in Vanua tu it is restricted to
forest on Erromango , Tanna, Aniwa, Futuna and
Anatom. Bauer and Sadlier recently add Efate but
that record arises from a misidentificarion referring to
Enwia sp . Th ere is no record of that spec ies for Sant o
and it is clearly a southern Vanua tu skink spec ies.

Th e species was present in Vanuatu before th e
Second World War and also occupie s forest, thus
arguing agai nst a recent human mediated intro
du cti on. Medway and Marshall considered it to be
restricted to for est ; it however only occ urs in dry
ope n-ca no py for est but is mor e abu ndant in larger
patch es of coas ta l for est o r inter ior mixed hard
wood forest. Its distribution in Vanua tu is ho wever
wide and encompasses nat ive dry ope n-c anopy for
es t, thus suggesting an old er arr ival.

I have exa mined MNHN specim ens from Tanna
wh ich belon g to that spe cies . They are small skinks
with three dorsal keels and 28 midb ody scale rows.
Th eir flan ks are dark brown from nose to tail , the

Figure 239 : C.novohebridicus is a small skink less than 38 mm
snout-vent length . Its eyes are covered by a fixed transparent
eyelid thus explain ing standard name of Vanuatuan snake-eyed
skink. Santa.

Figure 240: Specimens of C. novohebridicus are usually dark
and always possess a pair of lighter lateral bands. They are the
only skink of Vanuatu lacking moveable eyelids. Santo.

Figure 241: C. novohebridicus is a typical littora l species that
regularly forages on sandy beaches when stones and vegetation
are nearby, sometimes in syntopy with Emoia cyanura. Santo.

back is light brown wit h spo ts on a line correspo nd
ing to each scale line (like interrupted line s). Th e
belly of both specimens sho w a pigm entation on
each scale. Th ere is a sex ua l d imo rp hism in co lor
ation and both specim ens are females. Supranasals
are separated , prefrontals largely separated, the int er
parietal is large, and there is a single frontoparietal.

SQUAMATA, SCI NC IDAE
Cryptooiepuarus novohebridicus

Bun and Bun regard ed Cryptoblepharusboutonii novo
heblidicus (as it was origina lly nam ed) as a syno nym
of Cryptoblepharus boutonii poecilopleurus. Th e tax
ono my and systematics of the genus Cryptoblepharus
have been recently reviewed for Indian Ocean as well
as for Pacific Island populations by Homer. Fuhn in
1969 and Greer in 1974 conside red Cryptoblepharus
boutonii as a super-species with abo ut 36 morp ho
logical and/or geographical types. Mert ens in 1931
previously attr ibu ted a subspeci fic rank to all these
36 "forms". C. novocaledonicus, as C. novohebridicus,
is now considered as a valid species. In 1931 ,
Mert ens recognized affinities between the faunas of
New Caledonia and Vanua tu. He also noted affiniti es
between C. l1ovohebridicus and C. virgatus (northern
Aus tralia) from which the former could deri ve.

C. novohebridicus is a small species with a maximum
sno ut-vent length of 37 mm. Th e species is so me
times pres ent in mangroves bu t generally frequ ent s



upper sandy beaches covered wi th vege ta tion . Co as tal
populat ions usually occur on coral litte r, pa lm tru nks
an d dead timber an d can d isplay high den sit ies in
such habitats. It is a lso so me times abundant in dry
open forest a reas a sho rt dist an ce (appro xima tely
3 km ) from th e coast as I obse rved in th e Penaoru
area, Santa . However, that population was certainly
acciden ta lly in troduced by th e San to 2006 expedition
team from the sea shore to th at area .

This species occurs throughout th e entire Vanua tu
arc h ipelago . It was reported from Banks (Merig) ,
Espiri tu San to , Malo ,Aore, Aoba , Pen tecost , Arnbrym ,
Malak u la, Ela te , Ema o (o ff Elate ) , Erromango , Tan na,
Fu tuna , an d Ana torn. I co nfirmed its occu rrence in
the Torres Island s during a November 2007 trip . It
was repo rted from San to by Med wa y and Marsh all
but not found again. Th e spec ies can be considered
to be presen t over th e whole of Vanua tu from the
ex treme north to th e ex treme so u th .

SQU AMATA, SCINClDAE
Genus Emoia

The genus Emoia has numerous insu la r end em ic
sp ecies , as well as so me Wides p rea d spec ies . Ma ny
species rema in to be d iscover ed or described . For
ex am ple , pr io r to 1980 Fiji had a sing le kn own
ende m ic spec ies . Afte r th at dat e , inten sive fiel d 
work allowed th e recognition o f five add itio nal
taxa new to science in th e ge nus fro m Fiji, most
of th em fro m the E. samoensis species group. The
systemat ics of that species group is bein g cla r ified ,
includ ing the Vanuatuan po pul ati on s fro m which
additio na l species remain to be desc ribed .

SQUAMATA, SCINClDAE
Emoia ancityumensis

T he sk ink Emoia aneitywnensis is an Anatom
endem ic, in so uthe rn Vanua tu . It was described
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based on th ree im ma ture specimens co llec ted by Lord
Med way duri ng th e 1971 Royal Soc iety Expedi tio n
and three addi tiona l specimens co llec ted by Miss
Evelyn Chees man on the same island an d deposi ted
in th e BMNH collec tion. The y were first ca talogued
as Emoia nigra. T he material collected by Cheesman
during 1954-195 5 has no precise collection local
ity. Med way did no t find additional sp ecimens in
the different co llect io ns h e examined elsewhere
(AMNH, BMNH, MN HN , Senckenberg Mus eu m) .
The sp ecies belongs to th e Emoia samoensis gro up
comprisi ng 14 described species among which 11
are geograph ica lly lim it ed to th e Vanua tu, Fiji , Tonga
an d Sam oa subregion , one species is endemic to th e
Solomon Islands, one to Cook Islands , and ano ther
occup ies nearl y the whole o f Melanesia.

T he E. samoensis group co mprises two species sub
gro ups that seem to be closely related and three sp e
cies with unclear affin ities to o the r members of th e
group. It is the only gro up in th e gen us where fema les
lay more than two eggs . Emoia ancitywnensis belongs
to the Emoia concotor subgroup , which comprises
eigh t species (several mo re to be described): Emoia
campbelli (Fij i) , Emoia concolor (Fiji) , Emoia erronan
(Fu tuna, Vanuaru) , Emoia alleityumcnsis (Ana to rn,
Van ua tu) , Emoia loya1tiensis (Ma re, Loyalt y, New
Caledo nia), Emoia mohosariniveinau (Van ua Levu,
Fiji ) , Emoia tongana (Samo a and Ton ga ) and Emoia
nigromargillata (Vanua tu ) . E. aneityumensis can be
dis tinguishe d from E. samoensis by its high er n um
ber of med io-d orsal scales (40-42) and its lower
number of subd igital larnellae (36-42) ; its co loration
is identical to tha t of E. Il igromargillata (but ca n be
distinguish ed from th e former by its larger size at
sexual maturi ty (up to 92 mm SVL) an d its increased
nu mb er o f eggs. Total len gth is about 2.74 times
sno u t-ve nt len gth . Prefrontals are in weak co n tact
and se para te nasals from frontals. The interp arietal
is d istinct. The 5th or 6th supralabia l is th e larges t
and locat ed under th e eye. Twelve spe cimens of E.
nigromarginata from di fferent loca lities in Vanuatu
st udied by Med way show 28 -34 midbody scale rows,
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38-48 subdigital lamellae under the fourth toe, and
a snout-vent length of 60-72 mm. E. aneityLlmensis
is only known from Anatorn and specimens are con
served at BMNH and FMNH.

The coloration of the holotype (after 18 months
preservation in alcohol), is dark brown on the back,
with a discontinuous and irregular row of black
spots and punctuations extending in the shape of a
discontinuous dorso-Iateral line from ear to tail base
extending above legs and feet. Flanks are brownish,
crossed and spotted by intrusions of the whit
ish ventral coloration. In three live juveniles the
back was grey-brown or olive-brown, marked by a
broken row of punctuations or black spots, mixed
with Nile water flecks extending from the ear to
the base of the tail. Flanks are olive-brown, crossed
and spotted by the dirty white ventral colouration.
The tail is the same brown as the dorsal colouration
but regenerated tails are lighter. Medway supposed,
according to Cheesmans description, that adults
have a general grey blue coloration.

All available specimens originated from a disturbed
and partially regenerated forest located about 1
mile northeast of Anelgauhat on Anatorn. Medway
erroneously considered two reported specimens of
E. samoensis as valid for Erromango and thus allows
for a competitive exclusion between E. aneityLlmen
sis and E. samoensis on Erromango and Anatorn,

but he excluded the possibility of considering them
as su bspecies of a same species.

SQUAMATA, SCINCIDAE
Emoia alrocostata freycineti

In 1913, Roux reported the occurrence of the liz
ard Emoia atrocostata freycineti from the Santa Cruz
group, southern Solomon, and from Pentecost in
Vanuatu (both NMBA collections). He noted: "Elle
n'avait pas encore ete signaIee aux NOLlveIIes-Hebrides".
In 1991 Brown distinguished three subspecies and
refers Solomon and Vanuatu populations to E. atro
costata freycineti. The type locality of that subspecies is
Vanikolo Island, Santa Cruz group, southern Solomon
Islands. The nominal subspecies occurs in Micronesia
(Mariannas, Carolines), Palau and in the Bismarck
Archipelago along the Pacific and Australian plates
west to New Guinea, Torres Strait islands, Indonesia,
Christmas Island, the Malay Peninsula, Indochina,
Borneo, Philippines, Taiwan and only one island
south of the Ryukyus in Japan. The subspecies E.
atrocostata australis only occurs in the Cape York area
of Queensland, Australia. Cranbrook and Pickering
noted that the species is known from Vanuatu by two
specimens respectively from Malo and Pentecost.

It is a common specialised species but restricted
to some habitats. It is mostly present on rocky

Figure 243: E. caeruleocauda has two color morphs in Vanuatu and elsewhere. They are not related to sex or age as classically
believed. One morph is characterized by its emerald green tail and the other by its dark brown colour with more or less visible
golden stripes on the back. Some specimens can sometimes be nearly completely melanistic.
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Figures 244: The most useful character for easy recognitio n of
E. caeruleocauda is the presence of a typical axilla black or
darker spot. This trait has not been noted previously but it is
really useful for identification in the field as in museum.

bea ch margins where densi ties can be high. It is an
active and agile liza rd , w hich does not hesit ate to
enter saltwater puddles at low tide to escap e from
predators. It can easil y stay submerged for severa l
minu tes . It is ac tive even in the wave-washed areas
where it can maintain itse lf firml y on rocks wi th its
strongly clawed fingers. It feeds in inter-tidal areas .
In 1980, McCo y no ted that two eggs are dep osit ed
on beach litter, und er float ing driftwood logs or in
limestone rock cavities.

E. airocostaia [reyc inei! was repo rt ed fro m se v
eral Torres isl ands , Aor e, Ma lo , Esp ir it u Sant o ,
Pentecost , Malakula , and Elate. Spec ime ns fro m
San to were rep orted by Medway and Marsh all in
th eir gene ral dist ribution tab le but lat er in their
paper they noted th at this report refers to Malo - a
small peripheral island of Santo, and not to Santo
itself; these authors however mention an observed
specime n not coll ected by Medway on the reefs of

Figure 245: Like E. impar, E. caeruleocauda lack the black
parietal spot of E. cyanura located at the posterior part of the
frontoparietal head plate (see arrow) .

Hog Harbour, San to. One specimen from San to is
also deposited in the Aus tra lian Museu m.

SQUAMATA, SCINC IDAE
Emoia caeruleocauda

Th e skink Emoia caeruleocauda belongs to the E.
cyanura group , and E. caeruleocauda subgroup . It
was long confused wit h Emola cyanu ra sensu lato
(see below). Parker in 1925 was th e first to pro
vide clea r cha rac ters to disting uish between th em,
mostl y based on lam ellae appearance and num ber.
He called both the Vanua tu spec ies respec tively
Lygosoma (Emoa) cyanurum and Lygosoma (Emoa)
lessoni. Th e first taxon comprises the ac tual Emoia
cyanura and E. impar an d the second corresponds
to E. caeruieocauda. Several wrong na m es were
attr ibu ted to th e Vanua tu popul ations of th at spe
cies: Lygosoma hordoanum by Baker, Emoia wem eri
by Burr and Burr in 193 2 , Baker in 1947, Tanner in
1952, and Medway and Marsh all in 1975, Ly gosoma
(Emoa) Werneri by Angel in 1935, Emoia caeruleo
cauda (= E. wem eri) by Cranbrook and Pickering
in 1981, E. [moia] wem erl by Cranbrook in 1985,
and finally Emoia caerulocauda [sic] by Goldberg
and coauthors in 2005 .

E. caeruleocauda, as presentl y defined , is widely dis
tributed , altho ugh it 'certainly consists of a species
complex. Its type locality is located on Sudest Island
(formerly Tagula Island ) in the Louisi ade Archipelago,
Papua New Guinea, but unfortunately its holotype is
lost. The species is reported from the Marian nas,
Carolines , Marshall , Palau, Fiji, Vanuatu , Solomon,
Bismarck Arch ip elago , New Guinea , Mo luccas ,
Su lawesi, northern Borneo and southern Philippines.
Brown in 1991 and Zug in 199 1 are certainly wrong
whe n they state that the Fijian populat ions were
recently introduced by man ; I found them often in
deep primary forest on Santo as well as on Fiji.

E. caeruleocauda is a terres trial species even th ou gh
some individuals can be seen on tree tru nks or
bu shes, gen erall y no more than one or two meters
above ground . In Vanuatu, like on th e Solo mon
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Islands and New Guinea , the species occurs in
gardens , open areas and in deep fores t; it is how
ever most frequen t in Iorested areas . In Papua
New Guinea that skink is presen t fro m sea leve l to
almos t 1500 m elev ati on bu t I did not observe it
above 700 m on San to.

E. caeruleocauda occurs as two colour morphs over
most of its distribution: one emerald gree n tailed
form an d one completely dark brown form some
times wi th on e to three more or less visible golde n
dorsal back st ripes . That later morph can eas ily be
confused wi th Emoia cyanurCL. They differ ho wever
by toe lamellae and other scale counts. One practi
cal way to dis tinguish between them in the field is
the occurrence of a dark black ish ax illa spot in E.
caeruleocauda bu t absen t in E. cyanllra an d other
Vanuatu Emoia species. Th a t useful charac ter was
never used before our stu dy but it is really help
ful and reliable. Anyway th ere is no re latio nship
between co lour pattern and se x in that species,
con trary to wha t has often been sta ted in the pas t.

Gravid fema les us ua lly bear two eggs . Eggs are
deposited in soil deb ris and vegetation . In Van uatu ,
reproductio n is con tinuous all yea r rou nd with
a peak from Novembe r to February and a slower
period from May to June. I suspect that rainfa ll
ra the r than day length is the factor that causes th e
observed variations. Curiously Baker in h is 1947

Figure 246: E.cyanogaster is a slender species with an elongate
body and tail. Such characteristics allow this lizard to move
easily on small branches of shrubs and short trees. even on
large leaves.

Figure 247: E. cyanogaster is typical by the strong dark/light
colour contrast between the back and the light yellow belly.
Four medio-dorsal scale rows are clearly enlarged.

Figure 248: E. cyanogaster has a typical uniform yellow light
greenish belly.

work does not rep ort th e occ urrence of to tally dark
brown specimens and it is not clear un der which
binomen he co nside red th em (E. caeruieocauda or
E. cyanura sensu tato7) .

In Vanu at u, E. caeruleocauda occurs throughout
the ent ire archipe lago: Banks and Torres groups ,
Santa, Malo, Aore, Pentecost (formerly sometimes
call ed Raga), Malakula, Ambrym, Tongoa, Efa te ,
Erromango, Aniwa, Tanna, Futuna, an d Ana tom.
Th e occur rence of that species on Santo was reported
by Baker in 1947, Medway and Marshal] in 1975 and
Brown in 1991. Specimens of that species from San to
are conserved in AMNH, AMS, BMNH, and MNHN.

Snou t-ven t length of adu lts range from 39-52 mm .
Tai [l ength varies from 147-178 % of SVL bu t is gen
era lly abou t 160 %. Prefrontals are well separated
in all specimens. Abo u t 40 % (n = 47) of our San to
sample had sk in parasites (mites) . The frequen cy of
th e brown morph com pared to the emera ld green
tai led morph on San to is abou t 50 % (n = 47) ; both
morphs includ e mal es an d females as well as adu lts
and juveniles . Midb od y sca le rows vary from 3 1 to
38 and fourth toe lamellae from 3 1 to 41.

SQUAMATA, SCINCIDAE
Emoia cyanogaster

The skink Emoia cyanogaster belon gs to the Emoia
cyanogaster group containing five species distrib
uted across the Moluccas, New Guinea , Bismarck
Archipelago , Solomon and Vanuatu . E. cyanogaster
occurs in the Bismarck Archipelago , Solomo n
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(including Santa Cruz and Reefs Islands) and
Vanuatu. The species is absent from Fiji, like E.
atrocostata and both absences certainly have an
important zoogeographical significance.

In 1975, Medway and Marshall reported the species
from seral and climax forest to elevations of about
500 m; it is absent from forest at 1100 m elevation
in Vanuatu. The species also occurs in gardens and
other degraded areas with introduced vegetation. It
is an arboreal species mostly restricted to small trees
and bushes. It searches for its food at ground level as
well as in trees but does not occur in deep forest. It
seems to need more open and sunny areas.

I carefully examined two specimens from Malakula
deposited in the MNHN and report below their
respective morphological and scalation characters:
snout-vent length 65 and 64 mm; tail length 131
and 156 mm; midbody scale rows 24 and 24; scale
lines on mid back 55 and 56; fourth toe lamellae
79 and 78. Both show separated supra nasals, sepa
rated prefrontals, parietal and nucal plates with a
contact oriented left, single interparietal (epiphysal
spot visible) and single frontoparietal They have
eight supralabials with the 6th enlarged and under
eye, infralabials 5-6.

In the same way I observed MNHN 19340088: snout
vent length 70 mm, tail length 166 mm, midbody
scale rows 24, scale lines on middle back 56, fourth
toe lamellae 78, supralabials right/left 8(6)/8(6),
infralabials 6/6, small interparietal with a small epi
physeal spot, parietal and nucal suture oriented left,
supranasal well separated, prefrontals in left contact,
supralabial under eye very large and clearly different
in size compared to that of E. sanfordi and E. nigra,
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LOe lamellae numerous and bladelike, mediodorsal
scales enlarged (mostly the four median rows), irregu
lar rows of dorso-lateral white spots, dark brown band
from nostrils to midbody which disaperared progres
sively posteriorly

Females lay two eggs that are deposited in loose
soil, litter or rotting vegetation.

E. cyanogaster was reponed from Vanuatu by
McCoy in 1980 and Brown in 1991. The species is
present on the following islands or island groups:
Torres and Banks, Espiritu Santo, Malo, Aore,
Aoba, Pentecost, Ambrym, Malakula, Epi, Elate,
Erromango, Tanna. The occurrence of the species
on Santo was reported by Medway and Marshal!
in 1975, and by Brown in 1991. Specimens from
Santo are conserved in the following museums:
AMS, BMNH, FMNH, and MNHN.

SQUAMATA, SCINClDAE
Emoia cyamlra or Emoia impar without precision

Most species of the E. cyanura species complex are
difficult to distinguish and all together were until
recently considered under the unique binomen E.
cyanura. This is also true for all species records from
Vanuatu prior to 1990. Some species of the complex
still remain to be described and several of the avail
able older names need to be revalidated. Three
morphotypes can be clearly recognized in the com
plex, blue tailed and brown-greenish tailed striped
specimens, but also melanistic specimens that are
almost completely dark brown. All of those morpho
types comprise several distinct species. The names
that should be applied to those different species

Figure 249: E. cyanura (all four pictures) has a variable tail colour but never shiny blue like that of E. lmpar. Both species share a
similar size and habitat, but numerous other characters allow them to be distinguished.
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are not clearly defined and numerous doubts still
exis t. Th e cur ren t attri bution of names to most pop
ulations is no t acce p table. Eastern bro wn tailed pop 
ulatio ris were gene rally referred to Emoia cyanura
Or E. pheonura and blue tailed specime ns from the
same area to Emoia impar or E. cyanura. Th e nam e
E. impar sho uld certainly be applied and restricted
to wes tern population s of the Bism arck Archipelago
area , but thi s has st ill to be dem on strated through
molecul ar s tudies . 1n the same way the nam e E. cya
nura sho uld be restricted to eas tern Polyn esian blu e
tailed populati on s (nowadays erroneously ca lled
E. unpar) , in accorda nce with the original descrip
tion of that taxon by R.P Lesson in 1826. Th e main
probl em is how to nam e the Polyne sian brown tailed
populat ion s. Th eir valid name is eithe r E. arundeu,
E. arundeli pheonura or E. pheonura, but in no way
E. cyanura as currently used . Valid names will be
defined according to the fact that:

• Clipperton Atoll popu lations will be consid 
ered as belon ging to a monotypic species iden
tical to eas te rn Polynesian populations (thus
E. arundeu will be valid for all eastern Pacific
populations) ;
• Clippeno n Atoll populations will be con
sidered different at specific level from eastern
Polynesian spec ies (E. arundei, and E. pheonura
will bo th be valid and distinct at specific level) ;
• Clippenon Atoll populations will be consid
ered as be lo ng ing to a polytypic species (E.
arundeu arundeli for Clipperton populat ions
an d E. arundeli pheonura for eas te rn Polyn esian
po pula tio ns).

Beside th ese nomen clature pr oblem s, several o ther
popul ati on s still have to be nam ed , probably as new
taxa : e.g. th e sou thern Bou gainvill e blu e tail ed pop 
ul at ion s , and so me Vanua tu blu e tailed po pulations .
Anyway 1 here s till co nsider only two distinct mor 
ph ot ypes from Van uatu from what was previously
called E. cyal1Llra, the bro wn tailed morph that I will
(p rovisionally) ca ll E. cyanura and the blu e tailed
morph that I will (provisionally) call E. impar.

E. cyanura and E. impar belong to the Emoia cyanura
grou p and the E.cyanurasubgroup as defined by Brown
in 1991. Th is author considered E. cyanura as a super
species but was wro ng in not accepting the recogn ition
of bot h morphs (blue tailed and brown-greenish tailed
morphs) as dis tinc t spec ies. 1n 1986, Brygoo desig
nated MNHN 7069A as the lectorype of E. cyanw·abut
that dec ision canno t be accepted since the type seri es,
having orig ina ted from Tahiti (French Polynesia) ,
does no t include blue tailed morph specimens

Figure 250: E. cyanura can easily be distinguished from E impar
and E caeruleocauda by its dark simple or double parietal spot
(black or bluish grey) whi ch is always present.

such as the one illustrated on Lesson's original icono
type plate published in 1826, but only brown tailed
morph specimens and some specimens of E. cae nt
leocauda. a species not occurring in French Polynesia
(see above ). Th us in 1987 1neich recommended con
sider ing that type series as invalid and the synt ypes of
E. cyanura as having been lost (or mixed with other
specimens in MNHN collections) . That position was
not followed by 1neich and Zug in 1991 but should
be recomm ended now. In 1947, Bake r did not dis
tinguish E. cyclI1 ura sensu stricto from E. impar but
how ever no ted about E. cyanura sens([ lato: "The tail
is dull olive green during lif e. In preserved specimens
its colour sometimes changes to a blue resembling
that of E. werneri [ac tua lly E. caeruieocauaa]. It is
(lI1fortunate that the name cyanura (sic) should refer
to a species in which the tail is in life so far from

Table 25: Frequency variation of gravid adult females for both Emoia species of French Polynesia.

October-December January-March June-August

Emoio cyonura 5.5. 60.87 % (n = 92) 38.74% (n: 111 ) 1.54 c n;;: I 0)
-- - • I'
Emoio impor 56.72% (n= 134) 64.44% (n =135) 31.25 % (n =80)



Figure 25 1: E. impa r is characterized by a shiny sky blue tai l.
Contrary to most eastern Polynesian popu lations, melanistic
specimens are not present in Vanuatu.

Figure 252: Both E. impar (right) and E. caeruleoca uda (left)
have shiny blue tails. E. impar does not display the middorsal
fusion of dorsolateral dark stripes into a Y shape on the middle
of tail base seen in E. caeruleocauda (left) .

Figure 253: Both E. caeruleocauda and E. impa r (th is pictur e)
lack a dark parietal spot typi cal of E. cyanura.

glossy ouu:", His remark clearl y applied to the spe cies
that I here errone ously call E. cyanura (brown tailed
morph) sin ce ac tual E. impar has a dis tinct sh iny blu e
tail in acco rdan ce with the specific epithe t cyanura.

E. cyanura sensu lata occupies the whole of th e trop 
ica l Pac ific from the Admira lty Islands , Bismarck
Archipelago , So lo mo n and Vanuat u , Micronesia
to the whol e of Po lynesia, incl uding Hawai i and
Clipperton Atoll in the eas tern Pacifi c . E. cya
nura sensu lata was report ed from th e Santa Cruz
Islands (sou th ern Solo mo n) : Vaniko lo , Lo rn lom ,
Tikopia and Mat ern a by Ro ux in 19 13, by Bu rt and
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Figure 254: E. impar is also distinguished by middorsal scale
fusions. Scale fusions can involve one scale but more often
several scales and can be repeated on the back separated by
double scale rows. Such fusions are often present in E. impar
but never in E. cyanura .

Bu rr in 1932, and by Brown in 1991. This species
grou p was also reponed fro m Van uatu by Brown in
1991. E. cya nura sensu lata was reported from the
To rr es and Banks gro ups, San to, Malo , Aore, Aoba,
Pen tecost, Mal akul a, Ambryrn, Tongoa, Efate, Em ao
(off Efa te) , Erromango, Aniwa, Tanna , Fu tuna , and
An atom. The oc cu rr ence o f E. cyanura s.l. on Santo
was re po n ed by Rou x in 19 13 (as "Spiritu Santo" ) ,
Medway an d Ma rsha ll in 1975 , Bu n and Burt in
1932, and Brown in 1991. Specimens of E. cyanura
s.l. ( regis tered as "E. cyanura") from Santo are
locat ed in the following museu ms : AMNH, AMS,
BMN H , FMNH , MCZ, and NMBA.

Spec ies fro m that group ar e terrest ria l and always
foun d in re lat ively hi gh densities. Synropy betw ee n
species is co mmon a nd on San to a ll three spec ies , E.
cyanura sensu stricto, E. impar and E. caen dcocauda,
can be found toget her. However, th eir eco logy is
clearly di stinc t concerning m icro habita t req uire 
ments. Baker in 1947 s tudied the reproduction of E.
cyanura sensu lata on Santo (collections made d ur
ing 1933-34) but do es not distinguish E. cya11ura
sensu stricto fro m E. impar. He no ted the occurrenc e
of on e un iqu e egg in eac h ov id uct. Despite the re la
tive cons tanc y of climat e in the stu dy area , he no ted
a repro du ctio n pe ak in Nov em ber-December (60 %
of adu lt fem ales were gra vid) an d a clear decreas e
in May-jurie (only 15 %). Unfortu nately his dat a
a re not re liabl e s ince they m ix both of the actu ally
reco gn ized species , E. cyanura sensu str icto and
E. impar. Seasona l varia tions in the prop o rt ion of
gravid fem ales seems however cons tan t th roughou t
th e dis tribution range of bo th species. In Fren ch
Polynesia , I also ob served a clear re pro duc tion peak
in November-Decembe r and a clear decrease duri ng
th e aus tral winter with clear differ ences between
both sp ecies . E. impar demonstrates a ma xim um
d uring th e full ra iny season wh ereas E. cyanura S.5 .

shows a maximum j us t before (Table 25 ).

2 ; 5 .
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SQUAM ATA, SCINCIDAE
Emoia cyanura [sensu stricto]

Specimens referred with co nfide nce to E. cyanura
from Vanua tu witho u t more p recise locat ion are con
served in seve ral mu seums (AMS, FMN H , MNH N).
E. cyanura s.s. occ urs a t the following localiti es in
Vanua tu: Torres and Banks gro ups , San to, Malo,
Aoba, Pentecos t, Malakula, Ambrym, Epi , Tongoa,
Hate, Emao (off H at e) , Erroman go, Tanna , Futuna,
and An atom. Specimens from San to were deposit ed
at AMS, AIM, BMNH , FM NH , MNHN, and UMMZ.

Adul t spe cim ens from Santo have a snout-vent
(SVL) leng th o f 45 to 54 mm with a tail of about
150 % to 170 % o f SVL. Th e nu mber o f sca le rows at
midbo dy var ies from 27 to 30 but is most o ften 28 .

SQU AMATA, SCINCIDAE
Emoia errcnnn

The skin k Emoia enol1an belongs to the Emoia COI1

color subgroup of the Emoia samoensis group. It
is often mixed with the latter bin om en in collec
tions . It is only kn own from Futun a Island, sou the rn
Vanua tu , an island forme rly called Erro nan . It can be
readi ly dis tingu ished from the othe r species of the E.
conc%r subgrou p (except wit h E. aneityumensis) by
its number of middorsal sca le lin es from the fron
toparie tal to the base of the tail (77 to 84). It can
then be distinguished from E. aneityumensis by its
nu mb er of fourth toe sub digital lame llae (36 to 42
in E. aneitywl1ensis vs 47 to 53 in E. erronan). Th e
species is ende mic to the southern Vanuat u island
o f Futuna and has never been repo rted from other
islands . No information is available on the habitat
and reproduction of this spe cies . Specime ns are pres
ent in the following museums: AMNH and FMNH.

SQUAMATA, SCINCIDAE
Emoia impar

Bruna and co-au tho rs in 1996 considered the blue
tailed E. impar as origina ting in Vanua tu or a neigh
bour ing area. I rath er suggest the blue tailed E. impar
clacle to have originated in the Bismarck Archipelago
area (Papua New Guinea ) . A recent molec ular study
by the aforemention ed aut ho rs has shown that
Vanua tu E. impar popularions present a 13 % gen etic
divergenc e in the ir mito cho ndrial DNA haplotyp e
compared to tho se from Cook, Tahiti, Fiji, Arno and
Kosrae in Micron esia. E. cyanura populations from
Vanua tu only present less than 0.25 % gene tic d iver
gence wi th regard to Hawaiian , Takapoto (Tuamotu ,
French Polynes ia) , Cook, Fij i and Clipperton Atoll
(melanistic form) popu lations. Thus blue tailed popu
lations from Vanuat u (at least some, i.e. the ones stud
ied by them) should belong to an undescribed blue
tailed taxon distinct from the eastern Polynesian on e.

Figure 255: E. nigra is a semi-arboreal species that most ofte n
forages at ground level. Torres Islands.

Figure 256: Most adult Vanuatuan E. nigra are dark black with
reddish eyes. Torres Islands.

E. impar was reported from th e follo wing islands
o f Vanua tu : Acre, Tatuba , Malo , San to , Aoba,
Pentecos t, Wala (off Mal ak ul a) , Malakula , Ambrym ,
Ep i, Ton goa, Hate , an d Tanna but I co llected it
rece n tly in northe rn Vanuatu (Tones Islands) whe re
it is so me times co m mo n. Specime ns o f E. impar
from Santo are present in the following museums:
AMS, AIM (Auck land), FMNH , and MNH N.

Adu lt specimens of E. impar from Santo have a
snout-ven t length (SVL) of 4 1 to 50 mm with a
ta il o f abou t 145 % to 169 % of SVL; they are on
average sma ller than E. cyanurCl. The number of
scale rows at midbod y vari es from 27 to 31 and
is usually above 28 . Specimens wit ho ut at leas t
one fused medi o dor sal sca le row are very scarce
(abou t 5 %; n = 137) on Santo whe reas the absence
of such fus ion concerns abou t 12 % (n = 1266) of
specimens in Fren ch Polynesia .

SQUAMATA, SCINCIDAE
Emoia nigra

E. l1igra belongs to the E. samoensis group whose
dist ribution extends from the Bismarck Archipelago
to Solomo n, Vanuatu , Loyalty, Fiji , Samoa , Tonga and
Cook. That skink group comprises nu merou s spec ies,
almost all endemic to sing le islands or sma ll island
groups.
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Emoia nigra has a small interp arietal plate located just
below the posterior edge of the fronto parieta l. Th at
in terparietal shows a clear tendency to disappear and
its an terio r border is often linear and not V shaped as
in most Emoia spec ies. The parietal spo t is dis tinct.
Th e tail is transversally flatte ned . Adu lt males and
fema les often present a dark to black th roat whose
func tion is unkn own. Anterio r and poster ior loreals
are generally o f same size and shape. Th e tym pan um
is en larged . Supranasals are sometimes nea rly in con
tact but gene rally largely sepa rated . Prefrontals are
narrowly to moderatel y separate. Subdigita l lamellae
are broad and rou nded. Sno u t-vent len gth of adult
males and females (no obse rved dimorphism ) varies
from 103-116 mm and the tail is abo u t 164-196 % of
SVL. Fou rth toe lamellae vary from 33- 36 and mid
body sca le rows from 35-44.

E. nigra is distributed on southern Pacific islands
from Samoa to Ton ga and wes t to FUi , Vanua tu ,
Solomon and the Bismarck Archipelago (u ncom
mon) . E. nigra was repo n ed from the San ta Cruz
group, sou thern Solomo n by Rou x in 1913 and by
Brown in 1991 from seve ral localit ies. E. nigra was
reponed from Vanuatu by Bun and Bun in 1932,
McCoy in 1980 , and Cranbrook and Picke ring in
1981. It was repon ed from the following islands of
Vanuatu : Torres and Ban ks groups , San to, Malo , Aore,
Aoba, Maewo, Pentecost , Ela te. Specimens from Santo
were repo rted by Bun and Bu n in 1932 , Medway and
Marshall in 1975, and Brown in 1991. Specimens
from Santo are conserved in the following muse ums:
AMNH, AMS, BMNH, FMNH, and MNHN .

On San to this species clearl y occ upies open habitats,
even if Iorested, but does not occur in deep dark for
est like e.g. Emoia nigromarginata. It sleeps under
stones and trunks at night , no t on tree branch es like
some other similar large sized Emoia (E. concolor, E.
trossula, E. sanJordi . ..) . Such sleeping behaviour can
explain the disappearance of E. nigra when mon
goose or pigs are in troduced . Competition betwee n
E. nigra and other large species of the E. samoen
sis grou p during dayt ime could have given rise to
habitat separation: with E. nigra on the gro und vs
othe r E. samoensis species inhabi ting tree trunks and
bra nches . A similar kin d o f co mpetition cou ld occ ur
dur ing the night for shel ter : bra nch fork s for other E.
samoensis gro up species vs soil level under logs and
sto nes for E. nigra. Some Emoia sallJordi spec ime ns
are nea rly tota lly black or at leas t greyish black and
thus can be mistaken for E. nigra . They can however
be easi ly d istinguishe d since E. sanJordi prefron tals
are in narrow to broad co ntact vs being separated in
E. nigra, the las t su pralabial is dorso-ventrally en tire
and unique in E. sanJordi vs se para ted in E. nigra,
finger and toe lamellae are bro ad and ro un ded in E.
nigra vs th in and blade like in E. sanJordi, and fina lly
the int erpa rietal plate is sma ll in E. nigra vs larger in
E. sanJordi. Juvenile E. nigra are also cha racteristic ,
as their ven tral tail is whitish with a typical fine
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Figure 257: E. nigromorginoto is an endemic species from
Central and Southern Vanuatu. Tasmate, Santa.

Figure 258: E. nigromorginoto is a semi-arboreal forest species
living on small tree trunks and lower vegetation. It searches for
shiftin g sunny patches wher e it can thermoregulate. Butmas,
Santa.

median black line. Juvenil e E. nigra have generally
strong keels, a dark brown back and black flan ks.
Medio dorsal scales are larger than tho se on the
flan ks (about twice the size ) on 8-10 row s.

Eggs of E. nigra were foun d on San to under s tones
and und er logs , including six eggs under the sa me
stone, which certainly correspo nds to two clu tches ,
thus attesti ng to com muna l egg laying in that sp e
cies. Mean egg size for 10 eggs was 15.1 +/- 0 .6 mm
x 10 .3 +/- 0. 2 mm (range 14 .6-1 6 .3 x 9 .9- 10 .6 ) .
However egg size vari es considerably for skinks
according to th e developmen t sta te of the embryo:
one addit ional egg measured 18.5 x 13 .0 and it
cer tainly co rr espo nd s to an egg ready to hatch. One
of our co llec ted females was gravid with three eggs

Figure 259: E. sonfordi is a beaut iful Vanuatu endemic arboreal
skink.
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Figure 260: Complete green morph of E. sanfordi.

Figure 262: Black headed green morph of E. sanfordi. Santa.

Figure 264: Marbled morph of E. sanfordi. Santa.

Figure 266: Uniform grey morph of E. sanfordi. Santa.

in th e genital tract (20 .5 x 11.1 , 18.9 x 12.1, and
21. 2 x 11 .5 mm) . One egg hat ch ed in Pari s yelding
a juvenile wi th a snout-vent len gth of 29 mm and
a tail of 53 mm. I have obs er ved an adul t Candoia
bibroni eating a large adult of th at lizard in the field
after both we re pla ced in th e same bag.

SQUAMATA, SCIN CIDAE
Emoia nigromarginata

After compar ison of the holotypes of E. nigromargi
nata and E. speiseri and an exami nation of a com
plementary series of 30 sp ecim ens , Brown in 1991
showed that the midbody scale coun t and coloration

Figure 261: Black headed green morph of E. sanfordi. Torres
Islands.

Figure 263 : Grey headed morph of E. sanfordi. Santa.

Figure 265: Marbled morph of E. sanfordi. Santa.

Figure 267: Uniform grey morph of E. sanfordi with greenish dots.

differ en ces on which Roux had based the separation
of both spec ies in 1913 correspond to the ex tremes
of a continuous var iation wi thin the same species.
He placed E. speiseri in th e synonymy of E. nigro
marginata since the descript ion of the later sp ecies
is situated on page 154 wh ereas that of E. speiseri
is on page 155 in th e same publicati on. It has been
proposed that E. parheri (endemic to Fiji ) could be
a sis ter species of E. nigromarginata, thu s implying
fau nal excha nges be tween Vanua tu and Fij i . Th is
hypothesis has of course to be demonstrated with
modem mol ecular technics before it can be given
any credit. I have observed important co lour dif
ferences between wes t coast (Tasma te) and central
San ta (Bu trnas) populations (see pictures) .



E. nigromarginata is a medium-sized species (adult
snout-ve nt length varies from abou t 50-80 mm ). It is
a forest speci es that never frequ ents open habitats. It
is en demic to Vanuatu. Cranbrook in 1985 noted that
the spe cies was not found again during the impor
tan t collec tions made in Vanuatu in 1971. It was
reported from Vanua tu from the following islands:
Santa , Pentecost , Malaku la , Ambry m, Ep i, Hate, and
Ana torn. In 1975 , Medway and Marshall considered
that the species cou ld be present on Erromango and
Tanna; this has not been assesse d since that time
bu t seems realist ic to us. Only few specimens from
San to (repo rted by Brown in 1991 ) are depos ited in
museums: FMNH, and add itional specimens from
the Santo 2006 expedition in MNHN.

SQUAMATA, SCINCIDAE
Emoia sanfordi

Before its descr iption , specimens of Emoia sanf ordi
from Vanua tu were refered to Emoia samoense by
Rou x in 19 13 , Baker in 1928 , and Ange l in 1935.
E. sanfordi was described based on sp ecim ens from
Vanuatu (inclu ding Banks Islands) and two speci
men s fro m the Solomo n Islands (Fauro Island) of
doubtful origin.

In 1974, Med way noted: "E. sarnoen s is, on the
other hand, has been found in the New Hebrides only
on Erromanga [Eriomango], some 180 hm north
northwest of AneityLlnl [Anatom) and the next large
island but one. The specimens (BM 1860.3.18.8 &
1860.3.18.11) were collected more than a century ago

Figure 268: E. sanfordi often shows a typical lighter eye border.

Figure 269 : Dark museum specimens of E. sanfordi can be
distinguished from E. nigra by their typical blade like toe and
finger lamell ae (vs rounded in E. nigra).
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by Mr Cuming (Boulenger, 188 7). In 1971 we did not
find the species, but our stay on Erromanga was brief
and collecting not intensive; there are no grounds to
doubt the record. The third of Cwn ings specimens allo
cated to this species by Boulenger (BM 1860.3.18.12)
is in fact E. san ford i, an identification which confirms
at least that the collection derived f rom the New
Hebrides. . . . All New Hebrides specimens identified by
Roux 0913: 155) as Lygosoma (Emoa) samoense, a
synonym of E. sam oensis, prove to be E. san ford i and
thus provide a fallacious basis for comparison. . . . E.
samoen sis and E. ane ityu mensis may replace each
other ecologically on their respective islands in the
New Hebrides, but there are no grounds for treating the
two taxa as geographical races of one species". In 1975
Medway and Mars hall stated that E. sanfordi was
not disti ngui sh ed from E. samoensis in th e previous
pu blica tions o f Boulen ger (887), Rou x (913) and
Angel (935) . Spec ime ns attr ibu ted to E. samoensis
by those authors were re-exam ined by Medway and
Mars hall in 1975 and with only two exceptions all
corres pond ta E. sanf ordi. The two sp ecim ens they
refer to as E. samoensis, amo ng which one is from
the same locali ty as E. sanfordi, are of un cert ain loca
tion (Erromango). The species was not found again
by Medway on Erromango in 1971, but his sojourn
was sho rt and collections do ne in low elevation
areas only. In 1981 , Cranbrook and Pickering noted
abo u t E. sanfordi : "Doubfully recordedfrom the island
of Fauro in the westem Solomons". They also men
tion both specimens of Emoia samoensis collec ted
on Erromango in 1860.

The spec ime n BMNH 1860 .3 .18 .12 was later deter
mined as E. concolor by w.c. Brown in 1983 in
th e British Mu seum catalogues, and its coll ecting
locali ty question ed. Both of the other probl em atic
Cu ming specime ns from Erroman go were regard ed
as E. samoensis by Lord Medway in 1972, and later
as Emoia trossuia by Brown and Gibbon s dur ing
their description of that species. The co llec tion
local ity of both lizards is highly uncertain , thus
exc lud ing th em from th e type series of E. tross uia
during its description. Th e U nivers ity of Hamburg
(Germany) spe cime n ROI974 from Ova lau (F iji)
was identified as E. sanfordi by w. C. Brow n in 1983
regarding E. sanfordi from Vanua tu . That specimen
was different from other Fij ian species an d Brow n
supposed its locati on to be a mistak e.

In his 1991 revision of the genus Emoia, Brown
restri cted the distribution of E. samoensis to Samoa
and that of E. sanf ordi to Vanua tu (including Banks in
the north) , with a doubtful record for Solomon , but he
did not exam ine the important specime ns menti oned
above. Th e Genova Museum in Italy (Museo Civico
di Storia Natur ale) possesses one or mor e para types
of E. sanfordi acco rding to their catalogues.

E. san[ordi is large with a maxim al snout-ve nt leng th of
abou t 115 mm and a tail abou t two times snou t-vent
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Figure 270: L. noctua is a small terrestrial skink that often lives in leaf litter and dead fallen tree trunks. It can climb on tree trunks
but seldom above one or two meters above ground. Santo.

Figure 271: L. noctua is the only viviparous lizard of Vanuatu.
Its black and white barred lips are unique among Vanuatuan
skinks. Santo.

Figure 272: Like some other skinks, L. noctua can change its
ground colour from light to dark. It is also found in the detritus
in the axila of Pandanus leaves. Torres Islands.

length ; m id body scale rows 30-32, fourth toe lamel
lae 62-72 ; a lways five supra labials in front of th e
subocu lar; in te rparietal always present; parie tal
suture an d nuchal su ture oriented left. All exam
ined specimens s how a h igh unifo rmity for sca lation
charact eristics but not for co lo ra tion goi ng from uni 
for m gree n to almos t complet ely and n early un iform
gre yish . When few black marks are pr esen t they are

Figure 273: Another unique trait of L. noctua is the yellow to
white head spot borded by black located at the anterior end of
the light middorsal stripe. Santo.

rest ricted to the head area and to some parts of the
ba ck and flank s , wi th bl ack pu nc tua tio ns on ly con 
cerning some scales . Prefron tals are always in w ide
contac t. Anterio r an d po s terio r loreals are iden tical,
fla t and elongate but the anterio r is h igh er ; sup ra
nasals a re largely se parated and prefron tals fus ed .
J uveniles are sometimes uniform gre en or u niform
dark brow n to almos t bl ack. Th e throat is sometimes
more or less marbled . Differ ences between E. nigrCl
and E. sanfordi can be seen above (se e E. nig ra ) . I
can add tha t the tai l is rather ci rcu lar or subcircu lar
in section in E. sanfordi whereas it is ra th er later
ally flattened in E. nigra. During m y trip to Santo I
observed that unifo rm grey specimen s were u suall y
associa ted with dee per and dense for est.

In 19 75 , Med way a nd Marshall noted th a t: "Of
ICl rge Emoia, E. san ford i is recordedfrom evelY islcl1ld
visited except Tanna; the species E. sarnoensis , E.
an eityurnensi s and E. nigra ocwr with san ford i, but.
never with each other on any island. It is notable
that clmong each pail; one species has a high COllllt of
subdigitClI lamellCl e and the other low. This feature is
possibly Cl scansoriai adaptation. Certainly E. sanfordi



is highly arboreal in habil." On Santo E. sanJordi
occurs as several clea rly distinct co lour morphs
that are certainly rela ted to habitat characteris tics: a
com plete green morph , a green body wit h black top
of head morph, a marbl ed body morph , a complete
grey headed green morph and a totally uni form grey
body morph .

This species, a Van ua tua n end emi c, was rep orted
from Banks (Vanua Lava, Santa Mar ia) , Santo ,
Aore, Malo, Aoba , Pen tecost, Malakula, Ambrym,
Epi , Tongoa , Efat e, Err omango, and Anatorn. In
1975, Medway an d Ma rsha ll recogn ized that E.
sanJordi co uld occ ur on Tanna wh ere th ey only
briefly sam pled. 1co llected it recently on th e Torres
Islan ds. Collections from Santo were repo rted by
Med way and Marsh all in 1975 , and by Brown in
1991. Specimens from Santo are dep osit ed at AMS,
BMNH, FM NH , an d MN HN. Note tha t recent
mol ecular investi ga tion s showed tha t th e true E.
sanJordi does not exist so u th of Elat e, an area occ u 
pied by other cryptic sp ecies .

E. sanJordi is th e most widespread ende mic species
in Vanua tu . Such a distribu tion probably relates to

Figure 274 : Ramphotyphlops braminus is ofte n called the
flower pot snake. It wa s easily acciden tally introduced, probably
with soil, on most tropical and subtropical Pacific islands. It
is also called the two headed snake since tail and head are
simil ar in shape. The tail, how ever, ends in a spine that does
not inje ct venom. This snake is completely harml ess. Santo.

Figure 275: R. braminus feeds on ants and termite eggs and larvae.
Populations are composed only of females since the species
reproduces by producing clones through parthenogenesis. Santo.

The Natural History of Sanlo

the age of this ski nk species The diversified colour
polymorphism observed on San to was no t seen on
th e Torres Islands.

SQUAMATA, SCIN CIDAE
Lipinia noctua

Th e genus LipiHia belon gs to the Sphenomorphus
gro up of lygosomine skin ks a nd co m prises 21
species . It has two ma in radiation cen te rs , th e
Philippines (eigh t species) and New Guin ea (seve n
species) . In 1975 , Medway and Marshall noted th at
th e species is rare an d secretive in Vanuatu . 1 can
add that thi s is the case th ro ugh ou t its dis tribu tion
range and in Vanuat u it is as abu nda nt as in othe r
plac es. L. noctua occu pies mos t of the area whe re
the genus is dist ribu ted ; it can be found from the
Pap uasian area to Oceania , in clu ding Haw aii an d
Pitca irn, bu t the species is n ot present on Eas ter
Island. It is a lso abs en t from Clipperto n Ato ll,
thus show ing clearly reduced colon isa tion abilities
compared to ot her similar sized sk inks (e.g. Emoia
cyanura an d E. impar) , such cha rac terist ics cer
tainly hav e to be associated with its partly Iossor ial
habits. Its typ e locality is located on Kosra e Island ,
State o f Kosrae , Fe derated States of Micronesia.
Classically the genus was cons ide red as having a
Papuasian origi n but molecul ar s tudies cond uc ted
by Austin and published in 1998 have shown th at
its or igin is inst ead located on th e Asian mainland
or on the Philipp in es.

L. noctLLa was rep or ted in Vanua tu from Santo ,
Malo, Aore, Pentecost , Malakula, Ambrym, Epi ,
H ate, Tanna , and Anatom. L noctua also occ urs
north of the archipelago since I collected it recen tly
on most of the Ton es islands , so it is Widespread
on the wh ole arch ipelago. The species was report ed
from Santo by Med way an d Marsha ll in 1975.
Spec ime ns from Santo are co nse rved in th e follow
ing mu seums: AMS, BMNH , MNHN , and UMMZ.

••• Reptiles from Vanuatu - SNAKES (Typhl op idae)

SQUAMATA, TYPHLOPIDAE
Ramphotyphl ops braminus

Fossil rem ains recovered from presu m ab ly pre
human levels in the Ma rianas (Micro nesia) sug 
ges t th at th is spe cies occu rs n aturally th ere. R.
braminus was first report ed fro m Vanu atu o n
H at e by Medway and Mar sh all in 1975 and lat er
by Cranbrook an d Pickeri ng in 1981. The first
specimens were collec ted in the gar de ns of W hi te
House, Briti sh Paddock , Independan ce Par k,
Port ViIa an d in plantati ons in the Agri cultural
Co llege of Tagab e on Efate. Accord ing to Medw ay
and Mar sh all , on Efat e th e species seems only
to occ upy cu ltiva ted ar eas hi ghl y mod ified by
man. The Australian Museu m co llec tio ns a lso
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possess a specim en fro m Elate co llec ted b y l.W B.
Thornto ri in 1976.

The species was unti l now repon ed from Van ua tu
on ly fro m bot h main islands, San to an d Efate, and
more recent ly from Ambrym . I coll ected it recently
(November 2007) in the ver y far north of the archi
pelago , on Toga ls land (Tones Gro up) , thus clea rly
indic ating tha t the snake has largely expanded its dis
tribu tion range in Vanuatu . On tha t island 1also col 
lected Gehyra mutilata, an other recen tly int roduced
gecko (see above) . The sp ecies arrived in Vanua tu
probably shortly after 1970 but it seemed to be
absen t in 1971 during the Percy Sladen Exp edition.
Specime ns from San to are con served in severa l natu
ral his tor y mu seums: AMS, MHNG and MNHN .
The oldest record known for Santa was co llected at
Luganville by A. de Chambrier between 9 and 26
June 1979.

Figure 277: The typical snout shape (flattened rostru m) of C.
bibroni explains its com mon nam e of the shovel nosed snake.
Santa .

Figure 276: C. bibroni is th e most arboreal species of its genus.
Its prehensile tail allow s it to clim b high in trees and to hang
by only its tail, w hen necessary, e.g. to explore bird nests. Torres
Islands.

Figure 278: Dorsal colour polymorphism is considerab le in C.bibroni, varying from red to grey or even nearly black. Santa and Torres
Islands.



Some specime ns can ha ve a ligh t elec tr ic grey blue
col ouration and they can thus be co nfused and con
sid ered as be lo nging to ano th er species. In fact su ch
co loured specim ens correspon d to th e same sp ecies
whe n shedding its skin. All the specimens I observed
in Vanua tu were from human dist urbed habitat s , but
they ca n be found far from human habitati on (e.g.
road sides and ca tt le parks) . They can locally reach
high de ns ities and several snakes ca n be seen under
th e sa me small stone. Local people of ten consider
th em as worms rather than snakes.

... Reptiles fro m Vanuatu - SNAKES (Boidae)

SQUAMATA, BOIDAE
Genus Candoia

The posinon of the genus CC/ndoia ins ide boine
snakes has always been controv ersial. Three dis
tinct hyp otheses can be considered :

• A basal posi tion ;
• A sister group of th e Neo trop ical forms (e.g.
Boa constrictor);
• A sis ter grou p o f th e Mad agascan forms
(Sanzinia and Acrantophis) .

These hyp otheses are ei ther relat ed to dis persion or
to th e biogeographical mechanisms of vicariance.
An addit iona l difficu lty to resolve is that the genus
only occurs on form er Gondwan a fragmen ts. Three
species are classically recogni zed . C. bibroni occu
pies th e largest distribu tion from eas tern Solo mo n
an d the Loyalt y Islands east to Ame rica n Samoa .
C. cCllinata occ upies the who le of Solo mo n , includ
ing Santa Cruz, wes tern New Guinea, Su lawesi and
north of Pala u . C. aspera is a New Guin ea sp ecies ,
livin g below 1500 m elevation, also present in th e
Bismarck Archipelago and Manus Island. Despite
im port an t morph ological d ifferences, those th ree
species show a simila r die t mostl y based on rodents .
A rece nt mo lecular ana lys is, albei t based o n lim 
ited mat er ial , de mo ns tra tes the basal positi on o f C.
bibroni in th e genus and close links bet ween C. aspera
and C. carinata. It also shows that a clade (Sanzinia/

Figure 279 : Juvenil e C. bibroni usually are yellowish orange
and mistaken for a different species by non fam iliar observers.
Torres Islands.

TheNaturalHistory of Santo

Candoia) diverged from Neo tropical boas at leas t 40
millio n years ago . The basal position of C. bibroni
is co nt rov ersial bu t in 2000, Aus tin for m ulat ed th e
hyp othesis th at it is in competit ion with species of
th e genus Python, while also syrnpa tric with bo th
othe r spec ies of Candoia but abse n t from the distri
bution of C. bibroni. Ot he r in terpre ta tion problems
also arise from absence of calibration th rough fos
sils; it is in fact not possib le today to dis tinguish
vertebrae of Boinae fro m those of Pythoninae inside
boid snakes. Complem entary wo rks are necessary to
ob tain a clear view of the evolu tiona ry history of the
gen us Candoia in th e Pacific.

SQUAMATA, BOIDAE
Candoia bibroni

Accord ing to osteological cha rac ters , McDowell in
1979 dis tingu ished two forms in Candoia bibroni
that he co ns idered as va lid subspecies , one eas te rn
(c. bibroni bibroni: Loyalt y, F ij i, Samoa and ex tend
ing to th e eas t as far as Tokelau in Pol yn esia) and
o ne wes te rn form (c. bibroni australis: Vanua tu ,
so utheast Sol omo n). The specime ns used in Aus tin's
stu dy (see above) unfortu nat ely only co mprised
the eas tern form. In 1985 , Gibbons noted: "Based
on distribution the genus [Ca ndoia} is Papuan in ori
gin, and resembles that of Em oia shinks and Gehyra
geckos, both of which are present in the Loyalty
Islands, but absent f rom New Caledonia."

C. bibroni is a high ly po lymorp hic species co ncern
ing its coloura tion in Vanuatu, with black ish , red 
d ish, brownish , orange and grey blue morp hs . It
seems that orange-yell owish specimens ar e largely
predo m inan t in n orthern Vanuatu (Torres) where
its size seems sma ller. J uve niles are often w ithout
patterning and un iformly ora nge, thus giv ing th em
th e look of a di ffer ent species fo r peop le w ho are
not aware of this . Specimens of abou t 1.5-2 m in
leng th were observed aro u nd Port Vila . 1 also have
seen a specim en we ll ove r 2 m (u nfortu na tely not
me asured ) at Pen aoru (San to ).

~

That snake is arbo real in habit but can sometimes
be observed res ting at gro un d level. It seems to be
m or e terrestrial in th e no rt h of Vanua tu (Torres) , It
shows a clear sexua l d imorphism for size (fema les
larger th an ma les) and cloacal spurs (a bsent in abou t
50 % of females) . Maximum published snout-ven t is
1 460 mm for fema les and 1190 mm fo r ma les but
larger specimens clearly ex is t and ar e not u ncom
mon, except perh aps in m useum coll ec tion s. Each
gravid female gives birt h to 15 to 18 liv e youngs
but repro duc tion is not annual since abou t only 1/3
o f the fem ales in co llec tio ns are gravid . J uveniles
ea t lizards (s kinks) and adul ts mammals (rats and
mice) . In 1935 , Angel not ed th at one skink (err one
ously call ed Emoia samoensis but in fac t E. sanfordi)
was found in th e diges tive tract of one Candoia
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fro m Vanuatu . Bu rt and Burr also noted th e occur
ren ce of th e skink Emoia cyanogaster regurgi ta ted
by such a sna ke from Tapua Island (San ta Cruz
Group, Sol omon). I also have observed predation
by that snake on adult Emoia nigra on San to.

C. bibroni was reported from the San ta Cru z group
(sou thern Solo m on) by Roux in 1913, and Burt and
Bun in 1932. In Vanuatu , the species is re port ed
from Torres and Banks gro ups , Santo , Malo , Acre.
Ao ba , Ma ewo , Pentecost , Malakula , Am b ry m,
Hate , Emao (off Hate) , Erromango, Tanna , and
Futu na . The sp ecies wa s reported from Santa by
Roux in 1913 (on "Spiritu Santo"), by Bun and
Bun in 1932, Medway and Marshall in 1975 and
Horrocks in 1989. Specimen s from San to are pres
ent in numerous w orld museums (AMNH, AMS,
BMNH, MNH N , NMBA, and UMMZ) .

SQUA MATA, BOIDAE
Candoia calinata

In 1932, Bun and Bun proposed the eastern dis tr i
butional limit [or the boa Candoia carinata as the
Banks and Santa Cruz groups . They repon a speci
m en from Santa C ru z. In 198 9 , Horrocks rep orted
a cu rious ob serv ation: "As I look at the colour
picture of C. carina ta in the magazine [Sol omon
Airl in es inflight magazine 1988 or 1989J I instantly
see the Boa which we kept for several weeks in an
observation tank at Malapoa. OLlr Malapoa speci
men came from the Vila [Port Vi/a, EfateJ ntbbish
tip. C. ca rina ta is described as a velY adaptable ane!
variable species. It seems highly lilzely that we have
both C. bibroni and C. ca rina ta Boas in Vanuatu."
Recently A. H . Whitaker ke p t a captive boa col
lec ted on Ha te and which h e identified as C. cml
nata. That specim en could have b een a rec ent
accide n ta l in trodu c tion, but its gene tic ana lys is by
C. Aus tin reveal ed a unique pattern among o th er
s tu died Pacific po p u la tions . O n the w eb , i t is easy
to find Candoia carinata paltlsoni from Vanuatu in
th e international pet trade (Sep temb er 200 6 ; e .g .
Soc ie ty "World Wild Fall/la" ). It see med hi ghly
probable th at thi s snake was also d eliberat ely intro
d uced to Vanua tu (a t least on Elate) th rough the
German reptil e de aler Bregulla , as he cert ainly did
for Brachylophus iguanas .

In 19 79 , Mc Dowell d emonstrat ed th e exis tence of
two rnorphot yp es inside th at species , one "short

tailed" and one "long tail ed". Au stin 's molecular
s tu dies showed clear d iffere n ces bet ween popula
tions of so u th ern and northern N ew Guin ea, th e
ce n tral mo u n ta in chain be ing an im portant bi o
geograph ica l barrier. This s ugges ts th at th e colon i
sa tio n ol th e Solo m on Islands occurred through a
sou th ern route via th e d' En tre cas teaux Arch ipelago
ra th er than via a northernly route through th e
Bismarck Archipelag o .

C. carinata has su pralabials in co ntac t wi th the eye
whereas th ey a re separated from the eye by subocu
lars in C. bibroni. The snake is nocturnal and terres
tr ial. It can be ob served d uring dayt im e in tr ee trunk
holes and, lik e C. bibroni , is com m on in and arou nd
caves. It feeds on lizards and roden ts, but som etim es
also on fro gs and bats. Aust in (2000) cons idered the
sp ecies to be semi-arboreal and an ecological inter
mediary species betwe en C. bibroni and C. aspera.

••• Reptiles from Vanuatu - SEA KRAITS

or AMPHIBIOUS SEASNAKES
(Elap idae, Hydrophiinae)

SQUAMATA, ELAPIDAE, HYDROPHII NAE
Laticauda colubrina

In 19 13 , Rou x rep orted a juvenile specime n from
Malo (Vanuatu) (deposited in NMBA) and no ted that:
"Les taches noires ne[orment pas des anneaux complets
comme chez les exemplaires rrouves en Caiedonie", He
thus made an interesting observ ation recently tak en
into acco un t by Heatwol e and co-au tho rs w he n
revalida ting L frontalis from Van uatu (see bel ow) .
The sp ecimen exam ined by Roux cert ainly refers to
L frontalis. Old records of L. colubrina from Vanuatu
cou ld refer eithe r ta th e true L colllbrina (sensu
stricto) or to L frontalis, si nce both Vanuatu species
we re previously mi xed under th e binomen L. COIII

brina. Thus o ld rec ords are not really rel evant with
ou t a re-examin at ion of th e co ncerned specim en .

In 20 05 , Heatwole and co authors ex am ined a large
sam ple and pro posed th e foll owing d istribution
o f L cotubruu: sensu stricto in Vanuatu : Santa,
Elephant Island (= Ais Island) near Santa , Ngori ki
Isl et near Kaku la Island , Malakul a , Ha te , Tanna ,
and Ana to m . Nu me rous specimens of L. colubrina
we re reported from San to by Heatwole and co au 
th ors in 2005 ; th ey are conserved in AMS, FMNH ,
MNHN, UMMZ , USNM .

Table 26: Morphometric and meristic comparison of L. frontalis and L. colubrina. MBS M/F: Midbody scale rows for males (M)/
females (F). V M/F: Number of ventraIs for males (M)/females (F) . SVL max M/F: maximum snout-vent length for males (M)/
females (F).

MBS M/F V M/F SVL max M/F

Loticoudo frontalis 19·21/21-23 192-208/199-211 6 4/783
--

rLoticoudo colubrino 23-24/23-27 216-234/202-239 893/1450



Pickering in 1984 supposed that this seasnake
could feed on littoral skinks of the species
Cryptoblepharus novohebridicus, a hypothesis that is
completely wrong since these seasnakes only feed
on marine fish. Even though skinks are common
on many small islands where sea kraits are abun
dant, they don't feed on lizards; no explanation is
available for this.

SQUAMATA, ELAPIDAE, HYDROPHIINAE
Laticauda frontalis

L. frontalis can be distinguished from L. colubrina by
the following combination of characters: midbody
scale rows, number of ventral plates, smaller size
(Table 26), and in sympatry by the absence of a
lower lateral connexion between the black cephalic
band and the first nucal black band, and the absence
of black bands contacting at least the anterior ones at
mid-belly. L. frontalis occurs in Loyalty and Vanuatu
(from Santo south to Anatom) but is reported from
New Caledonia by a single specimen without a pre
cise collection locality (also Loyalty Islands"). Food
is based on moray eels, mostly Muraenidae and
Congridae as in other species of the genus. That spe
cies is less common than L. colubrina in Vanuatu.

In 2005, Heatwole and coauthors reported L.
frontalis from several Vanuatu localities. It was
cited from Santo, Elephant Island (east coast of
Santo), Hate, Ngoriki Islet near Kakula Island
(northern coast of Hate), and Anatom. Specimens
of L. frontalis from Santo are conserved in AMS,
FMNH, LACM, MCZ, and UMMZ.

SQUAMATA, ELAPIDAE, HYDROPHIINAE
Laticauda laticaudata

In 1913, Roux reported the occurrence of Laticauda
laticaudata from southern Solomon (Santa Cruz
group). The MNHN Francois collection comprises
one specimen from Vanuatu without a precise local
ity. The species is known from the following islands
of Vanuatu: Ambrym, Hate, and Anatom. The species
was not previously reported from Santo but I collected
a specimen from Tasmate (west Cape Cumberland
coast) during the Santo 2006 expedition.

••• Reptiles from Vanuatu - TRUE SEASNAKES
(Elapidae, Hydrophiinae)

SQUAMATA, ELAPIDAE, HYDROPHIINAE
Hydrophis coggeri

The seasnake Hydrophis coggeri is present from
northern Australia to Fiji, through the Philippines,
the north coasts of Sulawesi (Indonesia), the Coral
and Timor seas, New Guinea, New Caledonia and
Vanuatu. In 2005, Kharin reported the occurrence

of the species from Vanuatu and placed it in the
genus Leioselasma, a position not always followed.
In 1986, David reported the shed skin of a seasnake
found near a mangrove on Malakula and identified
as a Hydrophis. It could correspond to H. coggeri. No
specimen of H. coggeri from Vanuatu is present in
BMNH or MNHN collections.

SQUAMATA, ELAPIDAE, HYDROPHIINAE
Pelamis platura

The pelagic seasnake Pelamis platura is represented
from Vanuatu by only a few museum specimens.
It was only reported from Malakula and Hate, but
the species certainly occurs in waters around Santo
and even throughout the whole archipelago. No
specimen of that species from Vanuatu is present in
either the BMNH or in the MNHN collections.

• •• Potential and doubtful species
Several lizard and snake species are reported from
the southern Solomons (Santa Cruz group) and
thus are potentially present in northern Vanuatu
(Torres and Banks). The Santa Cruz Islands are the
closest of the Solomon Islands to Vanuatu. However,
fresh water is absent on the Torres Islands, which
are composed of coral limestone and rarely exceed
300 m elevation.

••• Skinks
Potential Santa Cruz lizards that could occur in
Vanuatu include several skink species. In 1913,
Roux reported the occurrence of Lamprolepis smara
gdina as Dasia smaragdina on the Santa Cruz group
and noted: "Cetteespecen'avait pas encore ete signalee
aussi loin cl l'est en Melanaisie (sic)". In 1932, Burt
and Burt also reported that species from Duff and
Santa Cruz islands of the Santa Cruz group. In 1980,
McCoy also reported Lamprolepis smaragdina from
Santa Cruz and Reefs Islands (Solomon) where it is
common. That arboreal species is present in forest
but also in coconut plantations, mostly on tree trunks
but rarely on branches. Emoia trossula was formerly
considered as a regional endemic (Fiji, Tonga, and
Cook) and its situation is still incompletely resolved
(species complex). Two specimens at the BMNH
are registered from Vanuatu, under the binomen E.
samoensis [note however that one is reported as a
syntype of Perochirus guentheri?l. That mention is
considered as a locality mistake because those speci
mens are actually E. trossula, a species not present in
Vanuatu. In 1986, Brown and Gibbons stated: "(these
specimens), which were purchased from Mr. Cuming,
are stated to be from Eumonga and Vanuatu. However,
since they agree in most characters with examplesfrom
populations of E. trossula from the Fijis and not with
samples from any of the species known from Vanuatu,
we assume that the locality data are probably in error
and have referred these two specimens to E. trossula,
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but have not included them in the paratypes". Another
skink species of the genus Emoia,E. rufilabialis, is an
endemic skink from Santa Cruz Island, southeastern
Solomon. That E. cyanura group and E. cyanu[a sub
group species could be present in northern Vanuatu
but our recent searches on the Torres Islands proved
that this was not the case.

Another large skink, Eugongylus albofasciolatum,
was reported by Roux in 1913 from the Santa Cruz
Islands, by Burt and Burt in 1932 on Tikopia Island,
Santa Cruz Group, and by McCoy in 1980 from the
same island group. E. albofasciolatum is particularly
shy and difficult to observe. It could be potentially
present in northern Vanuatu (Torres and Banks).
Our recent searches on Torres Island showed how
ever that one is unlikely to encounter this skink in
Vanuatu, One smaller skink, Prasinohaema virens,
is reported from Santa Cruz and Reefs Islands by
McCoy in 1980. One specimen from Vanikolo
(Santa Cruz Group), labelled as "Lygosoma ano
lis, Leiolopisma or Lipinia anolis Boulenger" corre
sponds to the subspecies Prasinohaemavirensanalis.
That subspecies was described from Treasury and
Santa Ana Islands. Its status is uncertain and the
taxon was not recently compared with the nomi
no typical subspecies. This arboreal species can be
observed as high as 2-20 m in Iorested areas. It is
easily recognisable since the head and body stay
close to the tree trunk when the lizard moves. The
species can be observed at night when sleeping on
accessible branches. Its blood pigment is typically
green, as are its mouth and tongue, and also the egg
shell. This skink has toe lamellae like geckos and
can easily climb glass walls.

••• Snakes
Finally one snake species, Dendrelaphis salomonis
[sometimes referred to as Dendrelaphis calligaster,
or D. calligastral was reported by Roux in 1913,
based on several specimens from the Santa Cruz
Islands. He noted: "Cetteespece n'avait pas encore eu:
signalee a l'est des iles Salomon". In 1932, Burt and
Burt collected that species on Nendo (Santa Cruz)
and Utupua (Tapua) Islands, Santa Cruz Group; in
1980, McCoy reported the species (as D. salomonis)
from this island group. This snake could be present
in northern Vanuatu but it is unlikely. It is a diurnal
and active snake present in forests and cultivated
areas. It feeds on amphibians and lizards.

• •• Discussion

••• Pacific herpetofauna origin
Pacific island herpetofaunas have Oriental,
Gondwanian and Neotropical origins. Natural
recent arrivals originated from the Papuan area
(animal flotation for short distances or drifting
rafts) and by more recent man mediated introduc
tions during pre-historical and historical events
originating from the Papuan area or through exotic

alien species introductions from different origins
(Asia, Australia). Short distance flotation implies
air pockets and impermeable skin permitting the
animal to remain on the surface without sinking.
Sea currents can be totally reversed during cli
matic anomalies like hurricanes, thus explaining
the scarcity of Neotropical elements even in east
ern Polynesia, despite trade winds going from east
to west. Neotropical elements are however clearly
present in southern Pacific herpetofaunas with two
endemic genera containing several species each,
the iguanid lizard genus Brachylophus and the boid
snake genus Candoia.

Biogeographical analyses are still tentative since
numerous species have yet to be described or even
discovered, some of them being cryptic species.
Also the phylogenetic relationships between spe
cies are still unresolved for the most important
speciose genera like the geckos Lepidodactylus and
Gehyra or the skinks Emoia. Furthermore, several
important areas have only been weakly explored.
Nonetheless, three factors can explain the bio
geographical patterns observed for South Pacific
herpetofaunas:

• Vicariance [separation of populations previ
ously in contact through plate tectonics and/or
orogenesis];
• Dispersion [natural through rafts for reptiles];
• Accidental or voluntary human transportation.

In human transportation we have to distinguish
between ancient human transportation through
early Pacific settlers (mostly Polynesians and the
first European explorers) that I call historic intro
ductions and more recent introductions, some of
them clearly being intentional like the frog Litoria
aurea or the iguanid Brachylophus bulabulaon Elate.
Gehyra oceanica and G. vorax are generally consid
ered as having been mostly transported by man but
I disagree with that hypothesis proposed by Beckon.
In his 1992 work, this author concluded that his
morphological data on Gehyra oceanica and G. vorax
are in accordance with human transportation but
with different time scales between G. oceanica and
G. vorax, the later being a forest species with a lim
ited distribution. Brown in 1956 and Gibbons in
1985 also considered geckos and skinks as recent
arrivals constituting the main element of the current
herpetofauna; no endemic genera are present east
of Solomon. Most of these species have a distribu
tion to the west, adjoining their center of origin, the
Papuan area. Specific endemism stops at a line join
ing American SamoalNiue and only few endemics are
present to the east. I think that this scarcity of ende
mism, even at the specific level, is rather explained
by a strong selection for island efficient colonists
east of Fiji, thus not allowing populations to become
isolated on any island. Pacific lizards east of Fiji
are all ecological generalists that are biogeographi
cally specialized to efficient island colonization.
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A recent genetic study of Pacific Islanders has
shown the same for Homo sapiens: "At some point,
prehistoric Oceanic mariners apparently became so
accomplished that the inter-island water crossings in
the central Pacific were often no more of an impedi
ment to travel than the (already occupied) rugged
terrain of the larger island interiors in the western
Pacific. In many areas the ocean was transformed
from aformidable barrier into a highway". They also
have shown that shore-dwelling Oceanic-speaking
human groups are more intermixed since dispersal
along the shorelines was easier. The sailing capa
bilities of the ancestors of the Polynesians trans
formed the nature of their diaspora and kept them
relatively homogenous through constant gene mix
ing and flow. Thus the situation seen for wide
spread lizard species on Pacific Islands is exactly
the same as the one observed for earlier island
human settlers: they all are homogenous since they
had specialized to favourise frequent inter-island
travels long before the human colonization of those
islands, not because they arrived recently.

Pacific island reptile distribution was and still is
controlled by: geology (including plate tectonics
and volcanism), sea level variations, hurricanes,
natural dispersion (rafts) and the role of man. It
is classically accepted by most herpetologists that
Pacific island species with large distributions have
benefited from recent man mediated transportation,
but if one endemic species has strong affinities to
another geographically separated species then their
separation is due to natural colonisation. Such an
interpretation seems to not be really logical! In the
same way the biology of some alien reptile species
like the gecko Hemidactylus frenatus or the parthe
nogenetic snake Ramphotyphlops braminus, which
recently colonised almost all tropical or subtropi
cal areas of the world, cannot explain why they
were not present earlier on Pacific tropical islands
through human transportation. Also, how could
some shy species like the skink Lipinia noctua have
been transported by man on such a large scale as
the whole tropical Pacific while both the former
recently introduced species were not?

Since 1957 and the studies of Darlington, the fol
lowing dichotomous paradigm has been accepted:

• Natural dispersion with breaks giving birth to
micro-differentiations and geographical varia
tions eventually producing endemism;
• Recent human introduction, which has been
rapid and thus gives rise to uniform populations.

The reality is of course not so dichotomous. One
important faunal break between the Oriental
region and the Pacific islands is the lack of several
genera such as the skinks Carlia, 5phenomorphus
and Tribolonotus, as well as the monitor Varanus
on most islands. Another second break can be
observed more to the east with the lack of Candoia
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boid snakes and all larger Emoia species east of a
line through NiueJSamoa (but reaching the Cook
Islands). Interestingly, terrestrial elapids have
arrived not far from Vanuatu at Santa Cruz and
Reefs Islands. Fijian endemism of old faunistical
elements (Platymantis frogs, Brachylophus endemic
iguanid lizards and the endemic genera Ogmodon,
an elapid snake) could be related to a mixture
of island size and former position through plate
movements, island age, colonization hazards but
perhaps also former volcanic events.

Otherspeciesbiologica1characteristics like partheno
genesis (Hemidactylus garnotii, Hemiphyllodactylus
typus, Lepidodactylus lugubris complex, and Naetus
pelagicus, the introduced snake Ramphotyphlops
braminus), saltwater tolerance, delayed incubation
time, continuous reproduction, sperm storage,
communal egg laying, adhesive eggs... have clearly
favourised older natural or man mediated more
recent island colonisations. Those characteristics
can be in accordance with both hypotheses (old
natural colonisations or recent man mediated colo
nisation) and thus cannot help choose one theory
against the other.

••• The role of plate tectonic movements
around Vanuatu

Plate tectonics provide an explanation for part
of the current distribution, at least for the most
ancient elements. Eustatic movements result
ing from plate tectonics and sea level variations
are also important biogeographical factors. The
border between the Pacific and Australo-Asiatic
plates is unstable and' irregular with several
important subduction areas according to age and
in different directions. Micronesia, Samoa, and
the whole of Eastern Polynesia (east of Tonga)
are located on the Pacific plate whereas New
Caledonia and New Zealand are located on the
Indo-Australian plate. Fiji, Vanuatu, Solomon and
Tonga are located at a dynamically unstable area
called the Outer Melanesian Arc (OMA). That Arc
stretches from New Guinea, through the Solomon
Islands, Vanuatu Archipelago, Fijian Islands, the
islands of Samoa, and southeast to Tonga. It is a
major geological feature of the Pacific basin, west
of the Tongan Trench. Components of the OMA
are the result of tectonic activity over the last 11.2
to 2 MY, and the biota of this region results from
speciation within the OMA as well as dispersal
from Southeast Asia, New Guinea, Australia, and
New Caledonia.

Strong interactions between both plates (Indo
Australian and Pacific) occur at OMA. Vanuatu was
located on that arc between the Solomon Islands
(north) and Fiji (south) in mid Oligocene (30 MY)
times. The Bismarck Archipelago is located on a
different arc. Fiji and Tonga are ancient and esti
mated to about 40 MY. The Pacific plate is moving
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under the Indo-Australian plate and the Tongan
Trench is located on one end of that subduction
area, with the Vanuatu Trench on the other end. On
the Melanesian border of that subduction area sev
eral movements have taken place, including partial
rotations explaining the variable relative positions
of some of those archipelagos during time. The
Australo-Oriental collision is dated from the mid
Miocene, about 17 MY. Note also that between
New Guinea and Australia there existed a now
disappeared insular chain that was absorbed to the
north of New Guinea during the Australo-Oriental
collision at mid-Miocene. That chain permitted the
connexion of the southwestern Pacific islands with
Southeast Asia.

••• Geologic movements of Vanuatu through time
Differences in the herpetofaunal composition
between the Loyalty Islands and the New Caledonia
mainland are considerable and constitute a clear
biogeographical indication of a more important
geographical separation in the past. Loyalty pos
sesses mostly Papuan elements (skinks of the gen
era Emoia and Lipinia; gecko genus Gehyra; snake
genera Ramphotyphlops and Candoia). The presence
of Cryptoblepharus in New Caledonia can certainly
be explained by its strictly littoral life. In the same
way Emoia impar is absent from Loyalty whereas
E. cyanura (sensu stricto) is present, a situation
uncommon on Pacific islands were both species
most often occur together. One explanation of such
considerable faunal differences should be related
to a different past position of Loyalty and the only

. recent arrival at its present position. Thus Loyalty
could have been closer to Vanuatu , explaining its
long separation from New Caledonia but also the
strong observed faunal affinities between Loyalty
and Vanuatu (Caledoniscincus, Emoia loyaltiensis
which is related to Vanuatu endemics of that genus,
Gehyra vorax [absent from Solomon but present on
Loyalty and Vanuatu] , Nactus pelagicus, Candoia
bibroni [probably arrived in Vanuatu from the
sou th through Loyalty], and Laticauda frontalis [a
regional endemic from Vanuatu and Loyalty, sister
species of the New Caledonian endemic Laticauda
saintgironsi]); it would thus not be surprising that
an endemic forest gecko species of group II of the
genus Lepidodaetylus will one day be discovered on
the Loyalty Islands.

The current position of Vanuatu was only reached
recently. In 1996, Allison noted that the emergence
of Vanuatu is associated with that of the Vitiaz Arc
(= OMA), an intense subduction area formed by
the convergence of Indo-Australian and Pacific
plates south of the Ontong Java Plateau and the
dilation of the north Fiji basin. At the beginning
of the Oligocene, the Vitiaz Arc represented an
eastern extension of the North Solomon Arc to
west of actual Fiji. Relictual islands formed by that
arc comprise Santa Cruz and Duff archipelagos

(politically the most eastern Solomon Islands) and
Banks Islands located north of Vanautu. During
the late Miocene 00-8 MY), the New Hebrides
arc began to form itself as an eastern extension of
the southern Solomon Arc in conjunction with the
reverse subduction reported above in relation to
the Solomons. Later during the Miocene (about
6 MY), the area between both arc systems began
to inflate, thus forming north of Fiji basin and
giving rise to a rotation of the New Hebrides Arc
of about 30° clockwise. Volcanism began during
that time and later moved during the Pliocene to
the west to form the central chain currently active
in Vanuatu and the active part of Santa Cruz.
Following previous tectonic movements, 6-8 MY
ago, Vanuatu was still close to north or northwest
of Fiji. Colonisation of Fiji and Vanuatu by Gehyra
vorax from New Guinea is old and predates their
separation. Later Vanuatu drifted counter clock
wise to progressively reach its current position.
Such movements can explain the current distribu
tion of Micronesian elements such as Perochirus,
if such an origin is confirmed. The Vanuatu her
petofauna is of Papuan origin with a low level of
local endemism. Bats are the only native mammals
and about half of Vanuatu bird species are shared
with New Guinea. The Vanuatu herpetofauna has
no old endemic elements compared with Solomon,
Fiji or New Caledonia. In 1957, Cheesman admit
ted that the flora of Vanuatu's southernmost islands
(Ana tom, Erromango and Tanna) probably origi
nated from a land connexion between Vanuatu
and New Caledonia during the Cretaceous before
the breaking away of both elements from northern
Queensland. However, current data shows rather
that Vanuatu has never been in contact with New
Caledonia. An important ceratobatrachid frog spe
ciation exists on Solomon (comprising several
endemic genera) and Fiji (two endemic species),
as well as an ancient snake group, elapid genus
Ogmodon, an endemic Fijian genus.

Vanuatuan faunas are in all likelihood less than
2 MYoId. The oldest Vanuatu rocks are dated to
14 MY but the whole archipelago only emerged
out of the sea about 2 MY. The present position of
Vanuatu is a result of counterclockwise rotational
movement since the Miocene; prior to this rotation
the islands of Vanuatu were located to the north
of Fiji and Tonga, and were more isolated than at
present. Its recent emergence and position could
explain the lack of Platymantis frogs and Ogmodon
elapid snakes and the presence of Perochirus geckos.
The biogeographic patterns highlighted by C. atro
punctatus show in particular a biotic break bet
wen the islands of southern Vanuatu (Erromango,
Tanna, Futuna, Aniwa and Anatorn) and the islands
of central and northern Vanuatu. That break is con
gruent with patterns recovered from a literature
review made by Hamilton and co-authors in 2009
for a broad range of diverse taxonomic groups
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including vertebrates, invertebrates, and plants.
That biogeographical line is defined as Cheesman's
line by these authors.

••• Can fossil help us to understand the
biogeographical history of Vanuatu's reptiles?

With the exception of one mekosuchine dwarf
crocodile, no native vertebrate species seem to have
been eliminated by human activity in Vanuatu.
According to fossil records, the past distributions
of most Pacific island birds were clearly larger than
at present. Numerous bird species considered as
island or archipelago endernics today correspond
in fact to relictual distributions of previously more
widely distributed species. Lizard fossil remains
are not very common but it seems unlikely that
situation was similar. Bird extinctions are classically
attributed to man's arrival but sea level movements
during glaciation times also produced important
habitat variations on islands (increasing salinity,
plant mortality, expansion and contractions of lit
toral plains). During the sea level changes related to
glaciations, evolution for survival and colonisation
of new habitats mainly took place on smaller islands.
On those smaller islands, larger endemic lizard spe
cies are rare or absent but this can also be explained
because they are more dependent on favourable
physical conditions and food than smaller skinks
or geckos such as the eastern Polynesian species. In
a 1986 paper, Gibbons and Clunie suggested that
the major human migrations in the west Pacific
could be correlated to migrations for food during
such sea level variations resulting from glaciations
and dated -700000 to -2 MY. The situation could
be the same for reptiles. Those sea level variations
also had a considerable impact on coral reef fau
nas producing mass extinctions and recolonisation
events from refuges as shown for bivalve molluscs
by Paulay in 1990. Gibbons and Clunie propose
that the current sea level was reached 4000 years
ago and that the lowest sea level was reached 18000
years ago and increased progressively thereafter.
For example, the exposed area of the Seychelles
during the glacial maximum was about 600 times
greater than the current area. Concerning Vanuatu,
almost all islands were separated from each other,
even during the glacial maxima, except Santo and
Malakula, which were attached together. Endemism
on Anatom and Futuna, which is difficult to explain
regarding the small size and relative isolation of
both islands, could perhaps be explained by their
increased size during glacial maxima and perhaps
their more diversified habitats.

There is a possibility that fossil bird remains aged
more than3 000-3 500 years could have been present
on the islands, but that the areas where these might
have been found have been inundated by the sea
level rises that started 18000 years ago. That active
period of sea movements could have favourised
speciation events through the considerable
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modification of island ecosystems. Speciation could
have taken place through different ways: adapta
tion to new habitats arising from the increasing
salinity of littoral habitats after 18000 years ago
when the sea slowly rose again, increasing numbers
of dead trees allowing egg deposition and produc
ing favourable microhabitats, possible recontact
between separated species, subspecies, or popula
tions giving rise to parthenogenesis or speciation
through hybridisation. In the same way, sea level
rises might also have separated populations giving
rise to an important subsequent vicariant specia
tion on Pacific islands.

During glacial periods, sea levels were low, exposing
large dry calcareous areas around the edges of islands
that were impossible to colonise by elapid snakes
and amphibians originating from the wet forests of
Fiji and Solomon, whereas smaller lizards could bet
ter support such xeric conditions, even for Lipinia
which needs humidity but can survive in open areas
if small wet patches can be found under stones or
in trunks, in dead trees or in Pandanus sp. crowns.
The study of fossil remains from Vanuatu, with the
exception of the recent discovery of an extinct meko
suchine dwarf crocodile, have unfortunately not pro
vi.ded significant biogeographical information on the
herpetofaunal history of the archipelago.

••• Biodiversity of the herpetofauna
of Vanuatu and Santo

The number of reptile species listed for Vanuatu is
regularly being increased. Baker (1947) reported
14 lizard species from Vanuatu and stated that the
two most common were E. cyanura (sensu laio)
and E. caeruleocauda (named E. wemeri). In 1975,
after having surveyed six islands of the archipelago,
Medway and Marshall listed 20 species of terres
trial reptiles (five gekkonids: Gehyra oceanica, G.
mutilata, Perochirus guentheri, Lepidodactylus lugu
bris, Nactus pelagicus [as Cyrtodactylus pelagicusl;
13 scincids: Emoia cyanura, E. caeruleocauda [as
Emoia werneri], E. nigronargil1lita, E. speiseri [later
considered a synonym of E. nigromarginata] , E.
atrocostata, E. cyanogaster, E. sanJordi, E. samoen
sis [mostly E. sanJordil, E. aneityumensis, E. nigra,
Lipinia noctua, Caledoniscincus atropunctatus [as
Lampropholis austrocaledonica] , Cryptoblepharus
novohebridicus [as Cryptoblepharus boutoniil, and
two snakes: Ramphotyphlops braminus [as Typhlops
braminusl and Candoia bibroni). They considered
four species to be endemic and four as introduced,
and one introduced amphibian from Vanuatu. Thus
a total of 18 native species were reported from
Vanuatu in 1975. They noted that the origin of the
terrestrial vertebrate fauna of Vanuatu has clear
Indo-Australian affinities with some species hav
ing an exclusively insular distribution and others
that are endemic. They also noted that 95 of the
98 terrestrial vertebrate species known at that time
from Vanuatu were present on the six islands they
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Table 27: Current knowledge on amphibians and reptiles of Vanuatu reported from Islands excluding Santo (Vanuatu excl. Santo),
previously reported from Santo and collected during the Santo 2006 expedition. Crocody/us porosus has not been recently observed
on Santo (?); Hemidacty/us garnotii was previously only reported from Anatom from a BMNH specimen that I have not checked ;
during the Santo 2006 expedition I have not explored sea marg in and mostly collected inland in forested areas, thus common sea
margin species like Emaia atrocostata and sea kraits (except Laticauda /aticaudata) were not observed. I do not consider Cehyra
muti/ata as an introduced species except the recently arrived population of the Torres Islands. Species that I consider as introduced
by man (historic or recent) are indicated with an *.,....-------.....,

Vanuatu excl. Santo

AMPHIBIA

Santo Santo 2006 exped.

Hylidae

*Litoria aurea* + + -I

REPTILIA, CROCODYLIA

Crocodylidae
- - - ~

Crocody/us porosus + (7) -
REPTILIA, SQUAMATA

Iguanidae

*8rachy/ophus bu/abu/a* +
; -

Gekkonidae
•

Cehyra muti/ata -I- -
-

iCehyra oceanica -I- + -I-
--- .- ~

Cehyra vorax T + -I
._-

Cekko vittatus -I- -
- , --

*Hemidacty/us frenatus* -I- + t-
-

Hemidacty/us gornotii +
- ----

Hemiphy//odacty/us typus . -
..- '--

Lepidodacty/us bu/e/i . t·

Lepidodacty/us guppyi + --
Lepidodacty/us lugubris +

Lepidodactylus vanuatuensis -I- +
-- -

Nactus multicarinatus + + -I-
I "-

Nactus pelagicus -t- .
Perochirus guentheri .;. -

-\- . .......,
Scincidae, Lygosominae

- -- --- -- _._---- --

Cakdon50ncusaifopundatus -t- - -
- - --- --------., -- -----

Cryptoblepharus novohebridieus + + t ·

------- -
Emoia aneityumensis + -

Emoia atrocostata freycineti -I- + -

Emoia caeruleocauda + + ~

Emoia cyanogaster + + ~

Emoia cyanura -I- +

Emoia erronan ... - -
-

Emoia impar ... +
... _-- -'

Emoia nigra -I- + -t-
---- --- ----

Emoia nigromarginata + + +
--_.-

Emoia sanfordi -I- +
- ,

Lipinia noctua + + +

REPTILIA, SQUAMATA, SERPENTES

Typhlopidae I
---- -

I
*Ramphotyphlops braminus* + + +
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Boidae

Candoia bibroni

Elapidae, Hydrophiinae
- ---- - -

Laticauda colubrina

Laticauda frontalis

Laticauda laticaudata

Hydrophis coggeri

Pelamis platura

- - --- - --+ - -

+ +
- ---- ---,

- - --
+ + -

-

+ + -
-

+ -
- i

t - -

+ -

visited. The most diverse vertebrate fauna was on
Espiritu Santo but the mos t diverse herp etofauna
was on Efate . They could not attr ibu te th e Iau
nal decrease obser ved on the so u thern island s of
Vanuatu to isolation or to supposed distance from
pot ential sources, not even to diminution of island
area or elevation. Th ey also noted that all ende mic
sp ecies were found in mature se ral or primary
forest and that few spec ies , all cosmo po litan or
with large repartition , are res tri cted to open habi
tats . Forest faun as show a clear eleva tion zonation
and a vertical stra tification under the cano py. The
distribu tions of the thr ee larger ski nk sp ecies [E.
sanfordi, E. samoensis and E. nigra] were considered
to be mutually exclusive and complemen tary by
Medway and Marshall in 1975 , a situation not seen
for birds or bats; recent dist ribution data however
disagree with that old obser vation . Distributions
of some bird spe cies indicate that complete archi
pelago colonisation has not been ach ieved. Later , in
1994, Whitaker and Whitaker list ed 26 reptile sp e
cies from Vanuatu , including introduced species.
Nonetheless th e Vanua tu herpetofauna is gen erally
considered to be poo r, Allison in 1996 numbered a
tot al of 27 native terrestrial and freshwater species ,
a number nearl y identical to that o f Fij i (29 species):
Crocodylu s porosus, 11 gekkonids in six gene ra, 13
skinks in four genera , one boid and one typhlopid
pro babl y int roduced but for which he indicated that
natural dispersion cannot be rul ed out.

There is currently no synt hes is of all th e available
information on the Vanu atu herpetofauna. Our field
and literature survey allowed th e recognition of 27
native reptile species from Vanuatu (Tabl e 27) ,
four recently introduced sp ecies , three sea krai ts
and two sea snakes (elapids) , exclu ding sea turt les.
Native species includ e one crocodile, 12 geckos , 13
skinks , and one boid sna ke ; note however that th e
gecko Hemiphyll odactylu s typu s is certa inly present
in Vanuatu . Thus a total of 37 amphibian and rep 
tile sp ecies (3 2 native spec ies, on e pot ential sp ecies
[H. typusl and four int roduced sp ecies) are con
firmed for Vanua tu tod ay. Th is diversit y of course
does not reflect a depaup erat e herpetofaun a wh en
compared with neighbouring archipelagos.

Concerning native sp ecies (ex cluding sea turtles and
elapid snakes), Santo has 18 of 27 species , whi ch

is abo ut 2/3 of th e Vanua tu species. Differen ces
(lacks) are mos tly related to so u thern endemi cs
of the skink genus Emoia and northern endern
ics with clear Solomon affini ties (Gehho villatus,
Lepidodactylus guppyi), all lacking from San to prob
ably du e to its int ermediate geographic position .

The h erp ero fauna of Vanua tu is unique for its lack
or scarci ty of severa l wid espread Pacific island
gecko species (Gehyra muiiuua, Hemidactylus gar
notii and Hemiphyll odactylus typus). Other Vanuatu
species include widesprea d Pacific sp ecies (Gehyra
oceanica,Emoia caeruleocauda,E. cyanura, E. impar,
Lipinia noctua, Laticauda colubrina, L. laticaudata,
and Pelamis ptatura) , so u the rn sp ecies which
are absent north of th e archipelago (L. buleIi) ,
species with Solomon affinities (GeH o villatus,
Lepuiodactylus guppyi , Nactus muu icarinatus, Emoia
atrocostata freycineti, E. nigra, and E. cyanogaster) ,
sp ecies wi th Micronesi an affin ities (Perochirus
guentheri), sp ecies with Loyalt y affin ities (Gehyra
vorax, Nactus pelagicus, Caledoniscincus atropunc
tatus, Candoia bibroni, Laticauda f rontalis) (note
however that G. vorax was reported from Tonga
and th at fossil rem ains attribu ted to Perochirus sp.
were also found on Tonga) , and southern Vanuatu
with possible Loyalt y affin ities (Emoia aneityumen
sis, and E. erronan) or st rict or nearly strict Vanuatu
endemics (E. nigromarginata, and E. sanfordi) , all
probably also with Loyalty affinities .

... Originality of southern Vanuatu isl ands :
Cheesman Lin e

Anatom Island is particularly impo rta n t from a
biogeographical perspect ive owin g to its int erme
diate position between New Caledonia in th e west
and other oce anic islands in th e eas t. Anatom
exp erienced volcanism but possesses a rich biota
thu s sugges ting less perturbation th an Tanna and
Erromango. Erroman go, Tanna and Anatom, th e
three southernmost islands of Vanuat u , pr obably
consti tu ted a unique landmas s in th e past and
their connexion to New Caled on ia has been sug
gested regarding their Aust ralasian fl ora and fauna.
Anatom is located at th e crossroads of two impor
tant migratory routes. The first coming from north
Vanuatu, Solomon and New Guinea wh ere Papu an
affinities can be found , includ ing th e occur
rence of some Australasian elem ents , the second
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coming from southern Vanuatu, New Caledonia
and Australia where Australasian affinities can be
found with again the occurrence of some Papuan
elements. Botanists have established strong affini
ties between the flora of the southern group of
islands and that of New Caledonia. Species consid
ered as New Caledonian endemics are present in
southern Vanuatu (Caledoniscincus for lizards but
also e.g. Araucaria columnarts, nine other flower
ing plants and seven fern species). Entomological
samples collected on Anatom by Cheesman allow
for the recognition of 11 species with Australian
affinities related to New Caledonian forms. In
1957, Cheesman proposed that the continental
mass comprising Australia (Queensland) and New
Caledonia should also comprise southern Vanuatu,
a hypothesis no longer considered valid today. The
AustralialNew Caledonia separation is dated from
the end of the Cretaceous. Cheesman however
does not reject the second hypothesis of natural
colonisation: "But if the colonization of islands could
be considered due mainly to adventitious means of
introduction, there would not exist such distinct fau
nal areas". I agree with that point of view since all
Vanuatu endemic Emoia are clearly biogeographi
cally related to southern Vanuatu. Even though
Anatom is only 150 km from New Caledonia, it
shows considerable faunal dissimilarities and a
land connexion is refuted by modern data. Vanuatu
is also separated from New Caledonia by the deep
Vanuatu Trench (6400 m). Cheesman suggested
a zoogeographical line in southern Vanuatu, ana
logue to the Wallace line but not as clearly defined.
This biogeographic line was recently defined and
named the Cheesman Line; all my data agree well
with its validity.

• •• Endemism of Vanuatu herpetofauna
In 1996, Allison noted that only seven reptile
species are endemic to Vanuatu but that num
ber now has grown to eight species regarding
the new Lepidodactylus species that was recently
described. All genera, except two (Perochirus and
Caledoniscincus), are present in New Guinea and
the Solomon Islands. The absence of iguanids, elap
ids and native ceratobatrachid frogs from Vanuatu
is generally explained through the young age of the
archipelago and the plate rotation hypothesis indi
cating a different position of the archipelago over
time. Solomon and Fiji had secondary radiations
after the dispersal of ancient elements like elapids,
iguanids or ceratobatrachids and ranid amphibians
from continental landmasses. In 1985, Gibbons
considered Brachylophus iguanid lizards to be an
old Fijian element since they show important mor
phological and ecological differences compared to
actual Neotropical forms considered as ancestral.
Curiously, Vanuatu that is located between them
(south of Solomon and north of Fiji on the Outer
Melanesian Arc, but near Fiji) has no such elements.
Ceratobatrachid frogs of the genus Platymantis

certainly migrated from Solomon to Fiji when
Vanuatu was located elsewhere, north of Fiji. In the
same way the occurrence of the Micronesian genus
Perochirus in Vanuatu, located near Micronesia
during its migration to its current position, can be
explained, as can the occurrence of some flower
ing plants or birds. Endemism is low in Vanuatu,
particularly endemic genera. Gibbons considered
that most species derived from Fijian forms and
reverse is not true; however it would be interesting
to know if southern Vanuatu endemic Emoia spe
cies are more closely related to the Loyalty endemic
Emoia or to the Fijian endemic Emoia, implying an
east-west migration in the second case. Gibbons
noted that most Vanuatu fauna is recent since it is
rich in geckos and skinks with at least two endern
ics; such an assumption has of course no biological
reality. Dispersal to the east continued to operate
after Vanuatu reached its current position between
Solomon and Fiji. Absence of the ancient skink
genera Leiolopisma [Fiji] and Tachygyia [Tonga] on
Vanuatu and Samoa, which are young islands, sug
gest an older occurrence of those genera in Fiji and
Tonga, both of which are old archipelagos.

Historically it was believed that the low Vanuatu
biodiversity [compared to Solomon and Fiji] is
related to the young age of the archipelago, the
presence of volcanoes modifying habitats and
the influence of hurricanes giving birth to major
habitat perturbations. However, several Solomon
Islands or island groups are in the same situation
but possess a much more diverse fauna. Thus
the varying geographical position of Vanuatu over
time seems to have had a much more important
impact on levels of endemism. Vanuatu was also a
site for local speciation and diversification, not at
generic but at species level. Among the 13 native
gecko species four (including N. multicarinatus)
are endemic 03 %) and among the 13 native skink
species five are endemic 08 %), a situation similar
to most other Pacific archipelagoes of that area.

Factors classically believed to influence insular
fauna diversification are isolation (distance from
the source area), island area, elevation range, num
ber of plant species and number of insect spe
cies. There is a progressive increase of isolation
from Santa to Anatom and a decrease in elevation
range and island area. The vegetation shows a clear
southern diversity decline; a break in that sense
seems to appear at a latitude of around 18° south.
All vertebrate classes show an impoverishment of
their faunas from Santa to the south. Differences in
the geological ages of the islands are also obviously
correlated with variations in latitude. Southern
islands are younger. During the period before the
Pleistocene, exposed areas above sea level were
limited and restricted to northern Vanuatu. One
cannot exclude that the endemic southern species
require an ecology that does not allow them to
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Figure 280: Small village cultivated areas surrounded by deep forest are not unfavourable to lizards and herpetofaunal biodiversity is
often high. It is easier in such places than in deep forest to observe forest species at the interface betwee n forest/opened cultivation
zones or even on trees that have been killed and lie on the soil. Dead trees have to be preserved as long as possible (not burned)
in such cultivations to ensure lizard dynamics.
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colonise the northernmost islands with different
climatic or edaphic conditions.

The Elate fauna is exceptionally rich for all verte
brate classes. Such an anomaly seems to be simply
related to survey intensity on that island which is
the political center of Vanuatu hosting the capital
Port Vila and the main trading centre thus explain
ing why recent introductions have begun on Elate.
Some herpetologists are reluctant to prospect
northern islands like Santo where malaria is pres
ent and thus focus on Elate. Vegetation is also more
diverse on Efate. Inversely the fauna of Tanna,
for all vertebrate classes, is abnormaly low (birds
and plants) and that could be related to particular
edaphic conditions. Most tropical islands, in both
the Indian and Pacific Oceans, present a physiogra
phy based on the same model. They have primary
rainforest on the east coast that is subjected to
trade winds, a central mountain chain constitut
ing a barrier to that rain, and a drier western side
often covered with typical dry forest. Such habitat
differences constitute the first speciation dynamic
on most large islands like New Caledonia or New
Guinea (north/south separation rather than east!
west), or even larger islands like Madagascar. Such
differences could certainly exist on Santo, particu
larly for species like E. sanJordi. However available
data have not yet shown their occurrence.

Vertebrate fauna is richest in low elevation areas, a
rule on all Indo-Australian islands. On San to it is
clear that a significant number of birds and reptiles
of low elevation forest are excluded from higher
elevations. A specialized montane fauna is only
present for birds among which few species occurs
only at higher elevations on Santo. The vertebrate
fauna restricted to nonforested areas only com
prise Indo-Pacific or cosmopolitan or widespread
species. Two lizards show a distribution centered
on coastal habitats (E. atrocostata and C. novoheb
ridicus), thus explaining their wide distribution.
Among introduced vertebrates only two species
occur in primary forest (Gallus gallus and Rattus
exulans), other introduced species do not occur
there. If such a man modified habitat restriction is
generated by a competitive exclusion phenomenon
by native forest species, a limited ecological range
or simply recent arrival through man-mediated
transport is unknown. E. caeruleocauda, E. impar
and E. cyanura are sympatric but not syntopic,
with different ecologies and competition between
species has not been demonstrated. On the other
hand, Medway and Marshall noted competitive
exclusion of E. samoensis [E. sanJordiJ, E. nigra
and E. aneityumensis. They never found these spe
cies in sympatry on one island; the occurrence of
one species seems to exclude the others. However,
I observed what probably could be considered to
be an ecological separation between E. nigra and
E. sanJordi on Santo (see above). Medway and

Marshall also argued that skinks are in dietary
competition with insectivorous birds at ground and
lower vegetation levels. Thus skink diversity on
Anatom Island could be related to bird scarcity in
these ecological strata of the vegetation. We how
ever find such an explanation unlikely.

Gibbons considered snakes to be rare on Pacific
islands since most micromammals on which they
normally feed are lacking. Candoia is a large boid
snake reaching over 2 m length. It is generally con
sidered to feed on birds and bats, less frequently on
lizards. Rodents are not native on tropical Pacific
islands, thus those snakes could not always have
preyed on them, even if they represent the most
frequent prey found today in the stomachs of
adults. Recent studies have shown that juveniles
feed mostly on lizards whereas adults eat mainly
rodents. There is certainly something to conclude
about the absence of Candoia east of Samoa, in
relation to the time of arrival of lizards on those
islands or more relevantly in relation to the occur
rence/absence of larger prey lizards like Emoia
of the E. samoensis group prior to the arrival of
rats. It is certain that adults of that species under
took a dietary shift from lizards to rats once those
rodents were introduced to the Pacific islands; rats
could be more abundant and easier to catch rela
tive to large lizards. Other snakes, Ogmodon and
Ramphotyphlops feed on invertebrates. Solomon
endemic snakes also feed on invertebrates, except
one species that preys mainly on amphibians and
small lizards rather than invertebrates.

In 1995, Adler and coauthors made a biogeographi
cal analysis of skink occurrence on southern Pacific
islands. They distinguished three kinds of species:

• Continental [species present on a continent
(Australia, New Guinea, Asia) or a set of large
islands not far from a continent (Sunda Islands
or Philippines) J;
• Pacific [species endemic to the southern Pacific
but occupying more than one archipelago];
• Endemic [species present on only one archi
pelago].

They performed a multivariate analysis with nine
variables reflecting archipelago size, isolation and
maximal elevation. Their results show that island
size and isolation are the main factors explaining
the nature of faunal composition whereas eleva
tion is less important. No endemic skink is pres
ent beyond SamoaITonga in Polynesia (except one
recently described species from Cook Islands) and
the CarolineslMariannas in Micronesia. Generally,
skink endemism is similar to that observed for
birds. That is curious since the reduced mobil
ity of lizards compared to that of birds should
give rise to an increased endemism by the for
mer. Comparison with birds shows that the most
important differences are seen in Hawaii and the
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Marquesas Islands (French Polynesia) where birds
are nearly all endemic whereas skinks are only
represented by few widespread Pacific island liz
ards. That clearly shows a different colonization
potential between them. However, they noted that
Pacific island skinks shows a morphological con
servatism formerly demonstrated for other groups
of the same family where the existence of cryptic
species was evident and demonstrated by genetic
analysis. Several cryptic species could exist within
the wide distribution of many species. The low
diversification of Pacific skinks in the easternmost
area of their distribution could also be related to
undetermined ecological interactions. Adler and
co-authors show a high endemism of south Pacific
skinks (66%) where 79% of the species do not
occupy defined continental areas and 87% have a
distribution limited to three archipelagos or less.
Vanuatu possess 13 skink species among which
four are continental [they considered the Vanuatu
form of Cryptoblepharus as belonging to the con
tinental species C. boutonii (sic) but that form is
presently considered to be an endemic species,
C. novohebridicus] , five Pacific and four endemic,
whereas the Santa Cruz Islands (nine species) com
prised respectively four, three and two and Fiji
01 species) three, five and three. Island size is
correlated with diversity in all those three cat
egories, whereas geographical isolation is mostly
correlated with total diversity and to the diversity
of Pacific elements. I think that if man is respon
sible of such transportations then these species
should occur randomly and there should be only
weak correlations with source distance and also
abnormal occurrences should be seen since the
Polynesians were island settlers. Their travels were
not always from one island to the nearest island
but also from one archipelago to other more distant
ones. Abnormalities should thus exist but they do
not; the Pacific herpetofauna east of Samoa is uni
form and widespread, without abnormalities due
to stochastic colonisation. Adler and coauthors'
analysis is interesting but omits some important
factors to explain faunal composition with strongly
biased conclusions, notably on species size and
ecological requirements of each species. If man
had intentionally transported lizards he certainly
would have selected large species that he could eat
(Monitor, Gehyra vorax, Gekko vittatus used for
tattooing, Brachylophus from Tonga to Marquesas).
Moreover species size decreases clearly in skink
faunal compositions with increasing distance from
source areas from the east and thus seems to me
to be an important factor that cannot be over
looked. On another hand, species inhabiting sea
margins are more easily transported accidentally
than primary forest inland endemics, a habitat not
present on all islands and probably scarce during
sea level movements during glaciation events, a
critical period for inter-island lizard movements.
They consider the biogeographical origins for the
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13 Vanuatu skink species to be continental (Emoia
atrocostata, Emoia caeruleocauda, Lipinia noctua),
Pacific (Caledoniscincus atropunctatus, Emoia cya
nogaster, Emoia cyanura, Emoia impar, Emoia nigra)
or endemic (Cryptoblepharus novohebridicus [they
considered in fact C. novocaledonicus as endemic
and C. boutonii (sic) as continental, thus implic
itely C. novohebridicus, whose specific status is
now accepted, as endemic], Emoia aneityumensis,
Emoia erronan, Emoia nigromarginata, and Emoia
sanfordi).

Some Santa Cruz Group islands, like Tikopia and
Anuta, were clearly colonised by Polynesians as
stated by Steadman and co-authors in 1990: "The con
temporary inhabitants of both islands are Polynesians,
whose oral traditions indicate that their ancestors
camefrom islands to the east, including'Uvea, Futuna,
Samoa, and Tonga. Culturally and linguistically, the
people of Anuta and Tikopia are closely related and
maintain regular inter-island contact through canoe
voyaging. Their languages are mutually intelligible,
though distinct". Those islands are geologically
recent, 80000 years old, but still possess endemic
bird subspecies. They however have no reptile spe
cies that are not found on surrounding islands, sug
gesting that Polynesians are not at the origin of the
introduction of lizards to these islands.

••• Dynamic of faunal changes
All tropical Pacific islands possess a common set of
small lizards. Their common size (around 50 mm
SVL) is not accidental and can certainly be related
to their capacity to survive and to travel on floating
rafts during trans-oceanic travel. Most herpetolo
gists believe that these lizards were recent colo
nists on those islands and that their colonisation
is mostly related to man mediated introduction. In
fact, I believe that most of these reptiles (except of
course the introduced Hemidactylus frenatus and
Ramphotyphlops braminus) were present on the
Pacific islands long before human colonisation.
Their morphological and genetic uniformity has
to be linked to their significant colonisation abili
ties rather than to recent arrival. Such colonisa
tion abilities do exclude populations becoming
isolated on any island (except partial isolation
on the most remote eastern islands like Easter
Island or Clipperton Atoll), thus explaining the
scarcity of endemism east of Tonga. That "reptile
eastern rush" could certainly have been favoured
during important sea level movements related to
glaciations, long before human arrival in the area.
Small sized skinks and geckos could have benefited
from such ecological modifications. Major salinity
variations and modifications of the fresh water lens
related to sea level variations certainly had con
siderable repercussions on littoral trees, perhaps
even on rainfall in the area (through accelerated
evaporation on increased littoral seawater covered
areas during sea level rise), thus allowing easier
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colonisations (increased island size) or favouring
lizard dispersal (unsatisfactory conditions found
on an island). On the other hand, such vegetation
dynamics, particularly in increasing the number
of littoral dead trees, had a positive impact on
lizard demography in producing a high number of
favourable egg laying and shelter sites (dead trees).
Volcanism and hurricanes certainly also played an
important role in the faunal dynamics of Vanuatu.

In 1975, Medway and Marshal] noted that 53%
of Vanuatuan reptile species are forest species. All
endemic species are present in closed habitats. On
Santo at least two endemic bird species are exclu
sively montane species. Most species, however,
also occupy modified habitats where not all trees
have been destroyed. Natural regeneration follow
ing man made vegetation perturbations (mostly for
agriculture) are probably comparable to those that
happen after natural cataclysms like earthquakes,
volcanic eruptions and hurricanes, all frequent
events in the area and for which the fauna as well
as flora seemed to be adapted. The ecological niche
of most vertebrate species on Vanuatu includes the

vegetation that covers those islands in the observed
conditions without human interventions other
than local agriculture at small village level, with
small and well separated cultivated areas around
each village, distributed like spots on the forest
surface. Agriculture as practised in small villages
and without modern techniques certainly has no
negative impact on the Vanuatu herpetofauna. In
contrary it should have a positive impact in creat
ing egg laying sites, shelters (dead trees) and small
forest openings useful for thermoregulation of for
est species on the forest edge. The threat is from
the changing scale of agriculture, e.g. large uniform
pineapple fields, which completely eliminate the
local herpetofauna.

The Vanuatu herpetofauna is fragile and sensitive
to habitat change and plant and animal introduc
tions. It is unique, with particular regard to numer
ous endemic species or others with a restricted
distribution. That herpetofauna is unique among
the whole Pacific and has to be preserved for the
coming generations but also as a national heritage
for the local Vanuatu Melanesian culture.
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Habitat Types
Philippe Keith & Clara Lord

Most islands of Van uatu , like San to ,
show a dense hyd rographic network.
San to's fresh wat er system can be
divided into two ca tegories reflect ing
the island's geological feature s. Thus ,

on the western an d north-western Cumberla nd
coast , the strea ms are rap id mountain rivers; whe reas
the eastern coast's aqu atic sys tem is ch aracter ised
by slow rivers , deep pits called "blue holes", and
swam ps on the calcareous plain .

MOUNTAIN STREAMS AND LONGITUDINAL ZONATION

Mounta in strea ms in Vanua tu tend
to be sho rt and steep and generally
lack low gradien t alluvial floodp lain
reac hes. Where these are present (e .g.
on Efate and San to) the floodpla in is
usu ally heavily deve loped . The river
flow depe nds on var ious facto rs, such
as, clima te, so il, vegeta tion and ca tch-

Figure 281: Pelouva River (higher course).

ment basin morph ology. Some stream s are ephemeral
or have sub-surface flows dur ing the drier mo n ths.

On Sant o's no rth-western coast, the orientation of
streams and catch ment areas is usu ally perpend icu
lar to the coast. Because the Cu mberland peninsula
is ex tensive and owing to its mo un taino us relief, th e
catchme n t areas are sma ll an d do not allow large
streams to develop. The run-off var ies considerably,
depending on the site's oro graph ic characterist ics,
the seasons , and tree cover. It is also liable to change
whe n specific wea ther episo des take place, such as ,
cyclo nic floods, or, on the con trary, drou ghts .

Wes tern and north-western coast streams can be
divided int o five zones , depending on alti tude and
current speed:

• Sp ring zo ne , locat ed at alti tudes of over
800 m.
• High er course , locat ed at altitudes of be twee n
450 and 80 0 m.
• Middl e course, located at altitudes of be twee n
150 and 450 m.
• Low part of the stream , located at alti tu des o f
bet ween 50 and 150 m .
• Low er course , located at altitudes of un der
50 m .

The latt er four all have an additional sub-zon ation:
calm zo ne (0-30 cm/s) ,medium current(30-75 cm/s) ,
and rapid current (75 to > 100 crn/s) .

The five zones described are usually grouped into
th ree larger zones defin ed accordi ng to th e river
slope, the average current speed and the grain-size
of the subst rat e: higher course, middle course, and
lower cou rs e.

Specific criter ia defin e these th ree zones:
• Th e high er course (Fig. 28 1) is charact erised
by a steep slo pe (generally more than 10 %) ; thus
current sp eed is high. The substrate is us ua lly
composed of large blocs directly comi ng from
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Riversand Other Freshwater Habitats

the paren t-rock. The delimitation with th e mid
d le course often co rrespo nds to a topo graphi cal
acciden t, like a cascade. Th e dis tance between
this reach and the r iver mo uth is highl y vari
able; it largely dep ends o n the ca tchmen t area's
geological cha rac te ris tics .

• The middle course (Fig. 282) has an aver
age slope generally under 10 %. The river bed is
covered in pebbles and rocks. Sometimes , sa ndy
bottoms can be found in slow current reach es.
Th e len gth of this zone depends on th e geo logi
cal origins of the catchment area.

• The low er course (Figs 283 -285) is the part
of the stream located in th e coastal plain ; its
length is thus genera lly reduced . Two ar eas
can be dis tinguished in this zone : the es tuary,

Figure 282 : Peavoho River (middle course).

Figure 283: Penaoru River (lower course, all. 10 m) .

immedia tely under marine infl uen ce, and the
upstream part, where th e wat er's conduc tivity
is very low Some estuaries can be very broad
( i .e the Jordan River) , and th e intrusion of sa lt
water ca n go re la tively far upstream . The slope
and th e curre n t speed are low to nil; it is a
high acc umulat ion zone . In es tuaries, the sed i
merits are com posed of sand and silt , bu t high er
upst ream the grai n size is coarse r (gravel, peb
bles and blocks) . Th is zo ne is no t present in all
streams . For some , it is related to the middle
course because of the average cur ren t sp eed and
the grain size; in this case , the marine influ en ce
is somewhat less er.

Th ere is a relation between the flowing Iacies and
the spec ies found within each zone. The major
ity of species is found in faci es where the cu rren t
speed is not too rap id . On the contrary, popu la tions
found in facies whe re the cu rre nt is very s tro ng
(rap ids or steps) are charac te rised by th e presenc e
of species having specific adap ta tions to this type
of en viro nmen t; this is, for exa mple , the case for
gobies o f th e Stcyopterus genus that are capable
of res ist ing very stro ng current s by st ick ing to the
subs tra te with th eir ven tral suc tion cup, or for the
larvae of severa l fixed aquatic insec ts.

It is important to point ou t that thi s class ifica tion is
merely an ins tru ment to charac terise flowing units
for a portion of river at a given time. In these moun
tainous streams, one Iacies can qui ckly be trans
for med into another bec au se of the flow vari ability

Figure 284 : Peavohori River (lowe r course, all. 3 m).
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Figure 285 : Peavohori River mouth.

an d the torrential regim e, and this is particul arl y so
in th ese mountain s areas where rain fall is high .
Ne vert heless , the dis tribu tion of all populations
of aquatic species (fis h, crus taceans , m oll uscs ,

insects ) reflects th e altitudinal gradient and th eir
eco logica l preferen ces . Indeed , so me spec ies favour
living exclusively in th e lower course, w hereas ot h
ers are found only in the higher course .

PLAIN STREAMS, BLUE HOLES AND SWAMPS

There are few natural lakes of any size on an y of the
islands , exce pt those assoc iated with volcanic cones .
San tos sou th-eas tern and eas tern coasts ar e ch ar
ac terised by few stream s as th e relief is low in thi s
region . When present , th e st reams are only a few
kilome tres long, comprised of lentic zones, vegeta
tion-rich , and enable th e tid e to run far up stream.
The speci es found in these zo nes are typical of
lower co u rses
and ca n with
stand high salin
ity variations .
This reg ion is
essen tially cal
ca reo u s , and
has many "blue
ho les" . These
lentic zo nes are
generally found
near the shore
a nd h a rb o r
euryhaline taxa.
A co n n ex ion
may also exist
be tw e en the
lentic z one of

Figure 286: Plain
stream. Peilapa
River.

th e lower course and flood-pl ain sw am ps. The
latter can be either of natural origin or an thropo
ge n ic when com ing from de velo ped channe ls used
to irr igate dash een ( taro) fields . Dasheen field s
are also found in some moun tainous zon es thus
favouring the settlem ent of sp ecies usually found
in ca lm zones, particularly Odonata.



Biota

FOCUS ON FISH, SHRIMPS AND CRABS

Philippe Keith, C1ara Lord, Philippe Gerbeaux & Donna Kalfatak

• •• Biodiversity and inventories
Un til 1998, Vanua tus freshwa ter icht hy-
ofauna and carcinofa una was rela tively
un kn own , an d the literatur e was poor.
Baker in 1929 had reveale d the pres
ence of a few fresh water fi sh in the Yoro
River on Santo Island , bu t with no fur
ther in form ation . Later, Ryan described
a new Gobiidae species from the genus
Stiphodon, caught in a river on Santo.

Figure 288: Sicyopterus aieasis.

Figure 289: Schismatogobius vanuatuensis.

Tolerance to salinity
and biogeography

•••

and dedicated to Vanuatu, to its rive rs an d to its
people. Such is the case for Sicyoptenls aie nsis
Keith , Watson &: Marquet, 2004 (de dicated to
the Ai creek in Elate) (Fig. 288); Schismatogobius
vamwtuensis Keith, Marquet &: Wat son , 2004
(d ed ica ted to Vanuatu ) (Fi g. 289); Sti phodon
halfatah , Keith , Marquet &: Watson , 2007 (dedi
cated to D. Kalfatak from th e Environme nt Uni t
of Vanuatu); Ahihito vanuatu Watson , Keith &:
Marqu et, 2007 (new genus and new sp ecies dedi
ca ted to Vanuatu ).

o c c Toler anc e to salinity
San to 's sp ecies need to be classified accordi ng
to their toleran ce to sa lin ity, a major ada ptation
to insul ar sys tems , in orde r to unde rs tand their
biogeograph ical di stribution and their eco logy.
Accordin g to Myers ' s tud ies on fish in 194 9 and to
the ir ada ptatio n by McDowall in 1997 an d Keith in
2003 , the following class ification is used :

• Primary fish are strictly into lerant to saltwa ter
and therefore cannot cross any salty zone.Figure 287: Freshwater fish samplin g in Santa.

In Octo ber 1998 , th e En vironment
Uni t o f Vanua tu sa m pled a few fresh 
wa ter fish an d cr us taceans on severa l
islands . Fr om J u ly 2002 to 2006 , th e
MNHN has ca rr ied ou t several cam-

paig ns on several of the archipe lago's islands for
th e cens us of fres hw ater sp ecies . Several of these
cam paig ns took pla ce on San to Island; ho wever
the tip of the Cumberla nd had never been sur
veyed. It was not until th e Santo 2006 expeditio n
that the eastern and west ern slopes of th is cape
were prospected (Fig. 287). Further to MNH N's
successive inventori es , knowledge of freshwat er
fauna (fish and crustaceans) has grea tly inc reased ,
as th ere are now about 100 species ind exed for
Vanuatu; less than fony were known at th e begin 
nin g of th e 1990s. In addi tion to th e new occ ur
rences of certain kn own species , a new fish genus
and severa l new species have been discovered
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Figure 290: Amphidromous cycle for freshwater gobies (P. Torres & P. Keith).

• Secondary fish are mainly found in freshwater
but can bear to cross narrow salty barri ers .
• Diadromous fish are migratory and alterna te
between freshwater and saltwater accord ing to
their life cycle. Diadromous fish are class ified in
thr ee sub categories:

- Anad romous fish spe nd the majority of
thei r life in salt wa ter and migrate to fresh
wa ter to reproduce.
- Ca tadrornous fish spend the majorit y of
their life in fresh wat er and migrate to salt
water to reproduce.
- Amphidro mo us fish (Fig. 290) : fem ales
spaw n many ova in fresh water, whic h are
then fertilised by the mal es. After hat ch ing
the larva e are carried by the curren t ou t to
sea wh ere they sp end a variable amo un t of
tim e. The young fry then go back to fresh
water to resume their growth. The migra tion
has no reproductive goal , unlike the two
former categories. Amphidromy is a major
adaptation to insular environments ; it will
be described in detail in the ne xt paragraph
("Life traits, amphidromy and insular adap
tation").

• Vicarious fish are thought to be non-diadr
omous and are freshwater representati ves of
originally marine families.
• Complementary fish are freshwater fish, usually
diadromous and belonging to marin e groups. They
become dom inant in rivers if catego ries "Primary" ,
"Secondary " and "Vicarious" are absen t.
• Spo radic fish indifferently live in fres h or
sa ltwa ter or en tering spo radica lly freshwa ter
altho ug h there is no tru e migrat ion .

"True" fresh wa ter spec ies are truly dist ributed in
two groups: primary fish , belon ging to famil ies
s trictly found in fresh water, and seco nda ry fish,

belonging to families capable of crossing narrow
salted barr iers to reach another basin. The capac 
ity to dispe rse and to colonise, varying according
to the differen t species, is the basis to the under
standing the ich thyological populanoris' variations
according to the environmen t and the epo ch .

Like most Pacific islands , Vanuatu is charac terised
by the absence of indigenous primary and second
ary fishes that are in tolerant to saltwater. Indeed ,
the only seco ndary fish presen t were int roduced in

Figure 291 : Kuhlia marginata.

Figure 292: Kuhlia rupestris.
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Figure 293 : Rhyacichtys et. guilberti.

the 20th century : tilapia 5aro therodon occidentalis ,
gambusia Gambusia affinis and guppy Poecilia retiw
lata. Santo is hom e to these three species; they are
found more part icu larly on the eastern and south
eastern coasts .

Vicarious fish are mainly represented by carp
(Kuhlia marginata and Kuhlia rupestris) (Figs 291
&: 292) , the latt er being found only in running
wat er from th e estu ary to th e medium course.

As a conseque nce of the absence of primary and
secondary nati ve fish, the rivers are then mainl y colo
nised by diadromous fish and Crus taceans (migrant
amphihaline species performi ng a part of their bio
logical cycle in freshw ater) . The fish are represented
by two categories: catadromous (Anguillidae, i.e. eels)
and amphidromous fish (Gobiidae, Eleotridae and
Rhyacichthyidae Fig. 293 ). The crus taceans are rep
resented by amphidromous species (Palaemo nidae,
Aryidae).

One of th e factor s explaining the biod iver sity of
amphidrom ous sp ecies in suc h islands is the par
ticu larity of the distribu tion of the different species
along the river.
The distribut ion of amphidromous species in all
islands depends essentially on two closely bound
facto rs: the altitude and the strength of the flow.
Within the Gobiid ae, Awuous species, Glossogobius
er celebius, 5chismatogobiHs species and 5tenogobius
yateiensis are restri cted to the lower parts of the riv
ers and to littoral stagnant waters. 5tiphodon genus
(Figs 294 &: 295) colonises the lower and middle
courses , essentially where the curre nt is average to
weak. 5icyopterns aiensis (Fig. 296) and 5. lagocepha
Ius, as well as Lentipes naaea, 5icyopus zosterophorum
and 5icyopus chloe, are able to climb up waterfalls.
The Eleotridae can be found in running water (from
the estuary to mid-stream) where the curren t is weak,
as well as in stagnant water. The higher the altitude

Figure 294 : Stiphodonsapphirinus.

Figure 295: Stiphodon rutilaureus.

Figure 296: Sicyopterus aiensis.

of the island and the greater the variation of the river
flow, the more amphidromous spec ies there are.
The fact that the ecologica l conditions becom e
increasingly constraining with al titude (strong cur
rent , unavailability of food ) ex plains why 75 %
of the spe cies are confine d to onl y on e zone (the
lower course) , while only some (5icyoptents lago
cephalus, Macrobrachium lar, Anguilla marmorata
Figs 297 &: 298 ) can be found from the low er
course to the higher course of the river, and that a
few species live only in th e h igh er course (Lentipes
haaea, Macrobrachium latimanus, 5icyopus sp). Th e
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Figure 297: Macrobrachium lar.

number of freshwater sp ecies falls grad ually work
ing from the estuary up st ream. Thi s reduction is
we ll marked after a wa terfall .

In ventoried crus taceans are esse nt ially diadromous
amphidromous or vica rious and the ir zon ation is
also very well marked . Thus, lvIacrobrachium equi
dens and M. grandimanus are s tric tly found in the
brackish water of es tuaries ; however, these latter
spe cies can also be found in caves with brackish
water or in the blue holes. M. australe (Fig. 30 0) is
found in freshwater in the lower courses. M. gra
cilirostre, lvI. placidLllwn, and Aty oida pilipes favour
the rheophile zones of the lowe r and mid-courses.
Finally, M. latimanus is only found in the medium
and higher courses.
Utica and Ptychognathus crabs are found in es tu 
ar ies and in the lower course, wh ereas Varuna
(Fig. 30 1) and Labuanium can be found in the
medium and higher courses .

••• Biogeography
Vanua tus fauna , and part icul arl y that of San to ,
corresponds to a blend betw een Asian -Indon esian
elements and Indo-Pacific recent marine intruders.
Indeed, Nivan aqua tic env ironme nts were origi
nally mainly colonised by marin e spec ies ascending
estuaries or by amphihaline species pa rt of whose
biological cycle takes place in fresh water (Eels,
Gobiidae, Eleotridae). (See parag raph "Life traits ,
amphidromy and insular adaptation".) Due to the
isolation and adaptation s of so me populations,
endemism has developed for fish and, at a smaller
scale, for decapod cru stacea ns . Some species are
thu s geographically limited to islands and even only
to certa in catchment areas .

Vanuatu is clos e to a suspec ted biodi versity cen 
tre situated in the Indonesia-Philippines area. As
it stretches from north to sout h , it has over time
favour ed the dispersion of amphid romous species ,
as they go th rough their ma rine larval phase, from
this centre towards Vanua tu , Th is is con firmed
by the presence of a high number of West Pacific
Gobiidae species (24%) in Vanuatu that origina ted
from the Indonesian area (West Pacific).

The Natural Historyof Santo

Figure 298: Anguilla marmorata.

As som e ende mic species are common to New
Caledonia and Vanuatu, we assumed that there are
dispersion and exchange of larvae between these
two areas , dependin g on the species and the dura
tion of the larval ph ase. This duration is variable
from on e spec ies to ano ther. In a recent study Keith
et al. have sh own that an amphidromous sp ecies
(5icyoptenls lagocephalus) (Fig. 299), present in
New Caledonia and Vanua tu , has a broad distribu
tion and occurs over a ran ge of 18000 km in the
Indian and Pacific Ocea ns . Th e overall pattern of
distribution and ph ylogen eti c relationship su ggests
that the lineages leading to endemi c spe cies in this
genus origi na ted earlier than 5. lagocephalus. Thi s
latte r seems to be a secondary migrant spec ies,
having gradually colonized both Indian and Pacific
Oceans.

Figure 299 : Sicyopterus lagocephalus.

Other factors occ ur to control the dispersion of
the species and the specificity of each island in
Vanua tu and in particular in San to. Th e facto rs
affect ing gen eti c stru ctur e and lar val disp ersion
of cora l reef population in the Pacific Ocea n have
been divided into thre e majors groups:

• fun ct ional factors whi ch are related to the
eco logy and the bio logy of each speci es (this
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includes parameters such as reproductive behav
iour or duration of the pelagic larval phase);
• physical factors including the effect of oceanic
currents and/or the geomorphological structure
of the reef;
• historical factors such as colonisation or
extinction linked to sea level variation, which
will directly modify the population structure. ,

In the case of amphidromous species, it is neces
sary to consider all of these factors to explain the
existence of many endemic species and the broad or
small distribution of the species in the Indo-Pacific
area. It is indeed probable that a complex system
including marine currents, duration of the larval
phase, paleohistory of the area (period of emer
gence of the islands, vicariousness and variation of
the sea level, etc.), in addition to the particulari
ties of the islands (altitude, substratum, age, river
velocity, etc.), explain the structure observed.
Numerous overlapping factors could explain the
biodiversity of amphidromous species in the rivers
of Santo, and this needs to be studied, but it seems
that the most important factors are more generally,
for the Vanuatu archipelago, its long geographical
shape and the proximity of a biodiversity centre.

• •• Life traits, amphidromy and
insular adaptation

In Santo, river systems are colonised by fish
(Gobiidae, Eleotridae ... ) and crustaceans
(Palaemonidae, Atyidae ... ) with a life cycle adapted
to the conditions in these distinctive habitats, i.e.
young oligotrophic rivers, subject to extreme cli
matic and hydrological seasonal variation. These
species spawn in freshwater, the free embryos drift
downstream to the sea where they undergo a plank
tonic phase, before returning to the rivers to grow
and reproduce, hence they are called amphidro
mous. These species contribute most to the diver
sity of fish communities and have the highest levels
of endemism.
At certain times of the year, the biomass of fish
larvae (in particular Gobiidae) migrating upstream
is so great that they become a major source of
food for local human populations in Vanuatu and
particularly in western Cumberland. However, har
vesting this food resource is highly unsustain
able, on account of the complexity of the species'
life cycle and the hydrological specificities of the
Vanuatu islands. Hence, there is an urgent need to
understand the biology and ecology of amphidro
mous species (reproduction, larval life, dispersion,
colonisation, etc.) in order to form the basis on
which management and conservation policies are
formulated. A summary of the most recent knowl
edge about the main fish family (Gobiidae) present
in the rivers of Santo is present below.

000 Spawning and larval life stages
After spawing in the river, the newly hatched gobi
oid larvae are better adapted physiologically to life

in seawater, while prolonged exposure to freshwa
ter postpones development and greatly increases
mortality.
Gobioid larvae are known to drift to sea during
the night. Free embryos of Sicyopterus stimpsoni
(Gill, 1860) from Hawaii and of S. lagocephalus
from Vanuatu "swim" repeatedly upwards until
they reach the water surface, then for a while, cease
"swimming" and sink and then move towards the
surface again. This reaction facilitates their trans
port to the sea.
In normal or low river flow, embryos from the
upstream reaches starve to death before they reach
the sea. As a result, early starvation of larvae could
limit reproductive success of fish located far from
the sea, which would have a strong selection for
fish reproduction in certain regions of rivers within
a given distance from the sea.
The free embryos are carried passively via river
transport to the sea where they will lead a plank
tonic life for 90 to 240 days.

000 Recruitment into rivers
On some oceanic islands, hundreds of miles away
from any other freshwater habitat, amphidromy
necessitates special migratory abilities in larvae and
juveniles. The post-hatch embryos appear in the
marine environment when they have reached 1-4 mm
in length where they spend only a few months before
they must locate a source of freshwater.
Recruitment of post-larvae at the river mouth is
possible all year round, but seems to occur mostly
from December to February..
Soon after entering freshwaters, the juveniles
undergo several changes in colour and fin shape.
The body of these post-larvae is mostly translucent
and light coloured when they enter the estuary,
except for the eyes and internal organs. The tail is
mainly forked but it gradually becomes truncated
and the body acquires pigments as it metamor
phoses and changes from a larval planktonic life to
an adult benthic life.
Pectoral and tail fins grow bigger, together with
the pelvic disc needed for upstream movements.
The mouth and the jaw structure are also modi
fied, as well as the digestive system. The juveniles
must switch from a planktonic feeding mode to a
benthic feeding mode, when they "graze" on the
substratum.
When the metamorphosis is complete, the goby is
able to climb over waterfalls by using alternately
its pelvic suction cup and its lips, and these are
also used to graze on the diatoms growing on rock
surfaces. This metamorphosis is correlated to the
changes in diet and spatial distribution between
larvae and juveniles.

The recruitment of gobies is often associated with
heavy rain. The freshwater flow seems to trigger
their migration inland. Even intermittent rivers
that flow only after major storms attract post-larvae.
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The movement of these young fish from the ocean
to the rivers is the key link in completing their
amphidromous cycle. The maintenance of this sys
tem is crucial to the long-term supply of freshwater
resources in insular systems.
Once in the river, the juveniles then migrate
upstream, towards the adult habitat. The timing and
direction mechanisms required for the success of
this migration remain mostly unknown. Rheotaxis
might not be the only phenomenon involved.

To access the rivers, the larvae most often choose
to swim close to the shoreline, where the current
is weaker and can even be reversed (i.e. a counter
current) with the tide or the swell. Some larvae
travel with their spindle shaped body facing the
current and climb from one rock to the next using
their pelvic suction cups. Others can reach freshwa
ters following passages through cracks in the rocks,
thus avoiding turbulence. Postlarvae first congre
gate near the shore. They will begin migrating into
the estuary at first light and at various moments
during the day, depending on the species.
For Lentipes, found at high altitude in Santo, the
post-larvae enter the rivers mainly during the day
light hours, with the waves of the incoming tide.
Migration peaks in the hours following sunrise,
when the post-larvae are carried by the rising
tide thereby reducing their energy expenditure.
When they enter freshwater, Lentipes post-larvae
swim immediately upstream. No amphidromous
goby species (whether adults or young) appears to
develop strict nocturnal activities, thus a morning
initiated migration enables larvae to reach higher
up into the river system.
Sicyopterus lagocephalus post-larvae are strong
swimmers. Their well-developed fins and highly
effective pelvic suction cup allow them rapidly to
access the upper reaches of the catchernent area.
For Awaous guamensis, the post-larvae were trans
ported to the river mouth by waves and they entered
freshwater either by day or by night, with a peak early
in the night. A. guamensis is a slower climber, and it
depends on tidal inundation to move upstream. For
Stenogobius, the post-larvae appear to move with
the incoming tide during the day, or, at night, using
cracks in the rocks. In comparison, for EleotrisJusca
(Forster, 1801) (the most common Eleotridae in
Santo), the post-larvae have difficulty manoeuvring
and swimming in turbulent water, and this deter
mines recruitment periods. They are transported
mainly at night by the waves of the incoming tide.

••• Upstream migration
The juveniles must migrate from the lower reaches
of river habitats to the habitats they will occupy as
adults. Out of the three genera living highest up
the river systems of Vanuatu (Lentipes, Sicyopterus,
Sicyopus), Lentipes is the only one to swim directly
towards the upper reaches, while the other two
take more time to complete their migration.

The Natural History otSanto

Beyond the first major waterfall which acts like
as barrier against predators, schooling and escape
behaviours are replaced by agonistic interactions
between juveniles competing for space and food.
In the genus Lentipes, the adults are territorial (espe
cially the males). These territories have strong currents,
good water clarity and vary in size from 0.1-4 m-,

••• Preferential habitats
As a rule, whatever the island studied, the first
major waterfall is a crucial factor for species' distri
bution along a river.
Predatory species of the genus Kuhlia (Kuhliidae)
are abundant in the lower reaches, below the first
waterfall, but are absent above it. This limita
tion in the movements of predators of the genus
Kuhlia affects the distribution of other organisms.
Gobies, Palaemonid crustaceans of the genus
Macrobrachium, or Atyids are often more abundant
in the areas situated above cascades where preda
tors are less numerous.
The type of habitat (riffle, pool, etc.) and the type of
substratum determine the species' distribution and
abundance. The positive correlation between gobies'
density and the proportion of hard substratum is the
result of the diet of these herbivorous species. These
gobies feed by scraping diatoms or algae from hard
surfaces in the river. Many of these species have teeth
adapted for scraping. Although the site with the high
est density of gobies is that with the highest propor
tion of hard substratum, the wide differences reported
even for areas with large amounts of hard substratum
show that other factors have to be considered.
The amount of plant cover on the banks of the
river is another important factor where gobies'
habitat is concerned. Fish density is highest where
plant cover on the banks is poorest, thus enabling
sunlight to penetrate. This is probably because pri
mary productivity on rocks is higher in sunny loca
tions, providing more algae for the gobies to feed
on. However, this might not be the only reason: it
is possible that light plays a part in propagating the
iridescent colours of displaying males. Whatever
the cause, vegetation cover on river banks is a con
tributing factor in the distribution of gobies within
streams.
As a general rule, all the studies carried out show
that many species, and particularly those for which
the status is critical, prefer sectors where the cur
rent speed is higher than 30 cmls and where the
substratum is composed of pebbles and rocks. The
higher the river's altitude, the faster the current and
the coarser the substrate, but the fewer the species
found; however these species tend to be more spe
cific and are generally endemic.
Understanding the role of these factors (density/plant
cover, and densitylhard substratum) is the first step
towards identifying the main habitat factors that are
important for amphidromous species, and towards
predicting the ecological impact of any environmen
tal disturbance or modification in Vanuatu.
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• • • Freshwater fish and
crustaceans of Santo

Table 28 sho ws all of the 75 known species from
Santo (26 decapod cru s taceans, 49 fish ) . Thu s
far, i t is the riches t island o f Vanuatu in te rms of
sp eci fic divers ity. However , all the freshwat er com
mu nit ies found in Van ua tu are not encou ntered
in Santo, so me kn own patrimonial species d o not
occur o n thi s island .

Table 28 : species of fish and decapod crustaceans from Santa
(" : endemic to Vanuatu or to the Vanuatu/New Caledon ia area.
I: Intr oduc ed).

Fish

Anguillidae Eleotridae
--

Anguillo mormoroto Butls amboinensis

Anguillo megostomo 8elobrancJw belubronchu

Anguillo obscuro Bunako gyrinoides

Ophichthidae Eleotris fusca
1-

Lomnostomo kompeni Eleotris ocamboooma

Lomnostomo orientolis Hyseleotris guentheri

Syngnathidae Ophieleo(lIs sp

Microphis brochyurus Ophieleotris oporos
-

Microphis leiaspis Ophiocol'o d porocephalo

Microphis monadensis Gobiidae
-

Microphis retzii Awaous oceJlons

Microphiser spinachoides Glossogobiu5 d celelnu:

Poeciliidae l entipes koaea

Poecilia reticulata I Psommogobiu. blocellalus
-

Gambusio offinis I Redigobws bikolonus

Mugilidae Sdlisrnologobius vanualuensis '"

Cestroeus plicotilis Sicyoplerus lagocephalus
•Lizo subviridis Slcyoplerus GlenSIS
f---

Cichlidae Sicyopus chiDe ...
Sarotherodon occidentalis I Sicyopus zoslerophorum

Scatophagidae StenogoblUs yotelenSls
._- -

Scotophagusargus Stiphodon astllbo: ~

Tetrarogidae 5t1phodon soppblnnus
-

Tetraroge niger Sliphodon mete
-

Ambassidae 5liphodon kolfatak 1<

Ambossismiops Stipiiodon otnnus

Kuhliidae 5liphodon rutilallreus

Kuhlio morginota Rhyacichthyidae

Kuhlio mundo Rhyacichthys et gutlbeni *
--- -

Kuhlia rupestris

Krameriidae

Cobitrichinotus radioculoris

However, it se ems from what is cu rr en tly known
that the tip o f th e Curnberland , and particularly
its western coast , has a fundamenta l ro le to p lay in
th e main tenan ce of several "pat rimonia l" species
fro m Vanuatu , this is particu la rly th e case for th e
species Rhyacichthys cJ gUi lberti for w hich one of
the main ex is ting popul at ion is fou nd o n thi s coas t.
It also th e case for th e species Sicyoptenls aiensis
(end em ic to Vanuatu ), as very healt hy spawner
popula tions are found in th e western catchm ent
areas, particu la rly that of the Penaoru River.
The western Cumberland also houses flourishing
populations of em blematic amphidrom ous species ,
such as Lentipes haaea. In tota l, Santo houses 10
species endemic to Vanuatu or to the VanuatulN ew
Caledon ia area, and three in trod uced spec ies (see lis t
below). It has also been noted that the Penao ru catch
men t are a hou ses a high diversity of species and that
all the speci me ns caught had sizes close to p revious
records . Th is can be explained by the fact that th is
ca tchmen t area is taboo; fishing there is forb idde n .

It has bee n commonly found that, in the se c
tors prospected , the n u m ber of en demic species is
grea ter in rivers flowing under na tural vegetation
cover and where th e flow is u nmodi fied . This result
ca n be easily explained fro m cu rren t knowledge
ab out amphidrom ous sp ecies and on th e wa y th e
river- forest system functio ns .
Indeed , the vegetation cover mai n ta ins a ce rtai n
r iver flow, cool tem pera tu res , and thus we ll-oxy
ge na ted wa ter; it produces exogeno us foo d in flows
fo r th e aqua tic species , an important facto r as
insular river sys tems are generally poor in n utri
tional ele ments . T he veg eta tio n cover thus raises
th e river's trophi c poten tialities, whilst favouring
h abitat diversity and water filtra tio n.

Crustaceans

Atyidae Mauobrochlul J gWCl7iro lr

Atyoidopilipes MacrobracJl/lJm grandlmanu

Atyopsisspinipes MacrobrachlUm kJr
- -

Coridina brevicarpolis Mocrobraclllum latidatty{us
-

Coridina groci/irostre Macrobrachlllm latimanus

Caridino longirostris MacrobrachlllfTl placulutum

Caridina serratirostris MocrobracllilJm spmosum
- -

Coridino typus Potaemon COfl(fllfllJS

Coridino weberi Grapsidae

Coridino gueryi iobuamum traperotdeum
-

Palaemonidae Ptychognathu5 rledelil

Mocrobrochium austrole Vtica gracilipcs

Mocrobrochium boriense UlIco borneensls
I

i Varuno !lllerotaMocrobrochium er microps
- -

Macrobrochium equidens



Amphidromous species colon ising the rivers are dis
tributed along th e river from the estuary to the h igher
reac hes acco rd ing to th eir ecology. Some are therefore
on ly found at a certa in altitude acco rding to the water
temperature, its phys ical and chemica l parameters
an d its hyd rological properties . The majority of the
species encoun tered are rheo phi le (they live in s tro ng
currents); in order to maintain a high level o f biod i
versity, it is therefore necessary to ma intai n high flow
rates. Th e seasonal var iabili ty favours massive fresh 
water flow in estuaries, thus allowing pos t-larvae
from the sea to colonise th e rivers .

Moreover, the shorter the ri ver and the steeper its slope,
the higher the success of the downstream migration of
larvae to the sea as, accord ing to severa l authors, larvae
have less than three days after hatch ing to reach the
estuary. ln these kinds of rivers , the colonisation of the
rivers by pos t-larvae will also be more suc cessful: as
they return, they must climb ups tream as fast as pos
sible in order, on the on e hand, to flee preda tors that
are in grea ter nu mb er in the lower course, and , on the
other hand , to find a suitable terri tory

Figure 300: Macrobrach ium australe.

Figure 30 1: Varuna litterata .

-. I I •
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Mocrobrochium qrocilirostre male
In situ artwork by Roger Swainston/anima net.au
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• •• Identification Keys
The main families or genus found in Santa could be identified using the keys below.

••• Crabs
I-a: Anterior-lateral border shaped in 3 teeth. Front with a straight border-s-e-z
I-b: Anterior-lateral border shaped in maximum 2 teeth. Front with a wavy or lobed border-s-e-B

2-a: No H shaped drawing on the cephalothorax. Absence of seta fimbriae on the extremity of the legs or, if
present, only on the extremity of legs 4 and 5-.Vtica sp.
2-b: H shaped drawing on the cephalothorax. Presence of seta fimbriae on the extremity of legs 2, 3, 4 and 5
-.Varuna Iitter-ata

3-a: Front with wavy border; dactylus of the locomotive legs P2 to P5 is about as long as or longer than the
propodus -'Ptychognathus sp.
3-b: Front with 4 prominent equally sized lobes; the dactylus of the locomotive legs P2 to P5 is shorter than the
propodus -.Labuanium trapezoidrum

••• Shrimps and prawns
I-a: Presence of dense seta tufts at the extremity of the legs' PI and P2 fingers. Branchiostegal and hepatic spines
absent on the cephalothorax-c-e-Arytdae: 2
I-b: Absence of dense seta tufts at the extremity of the legs' PI and P2 fingers. Branchiostegal and hepatic spines
present on the cephalothorax-'Palaemonidae: 4

2-a: Legs PI and P2 carpus identically shaped-.3
2-b: Legs PI and P2 carpus differently shaped. P2 carpus is more elongated than that of Pl-. Caridina

3-a: Cephalothorax anterior border bearing a strong spine; straight rostrum rounded at its extremity with 1 to
8 small ventral teeth-.Atyopsis spinipes
3-b: Cephalothorax border acute bearing no spine; curved rostrum with 0 to 2 small ventral teeth-+Atyoida pilipes

4-a: One branchiostegal spine on each side of the cephalothorax. Hepatic spine absent. P2 moderately
developed-.Palaemon
4-b: One hepatic spine on each side of the cephalothorax. Branchiostegal spine absent. P2 very
developed -.Macrobrachium

••• Fish
I-a: Fish very elongated and filiform. The total length is more than 12 times the height of the body-'2
I-b: Fish not very elongated and non-filiform. The total length is at most 10 times the height of the body-.4

2-a: Filiform fish with dorsal, caudal and anal fins welded and continuous -.Anguillidae (Anguilla sp.)
2-b: Filiform fish with non-welded dorsal, caudal and anal fins, or lacking a caudal fin-.3

3-a: Smooth, cylindrical fish without any bony rings. Pointed snout. Caudal fin absent-s-e-Ophichthidae
(Lamnostoma sp.) .
3-b: Fish composed of bony rings. Tube-like snout. Lanceolate caudal fin -'Syngnathidae (Mierophis sp)

4-a: A unique dorsal fin, sometimes divided into two distinct parts, but joined-s-e-S
4-b: Two separate dorsal fins-.8

5-a: No spines on dorsal and anal fins-.Poeciliidae
5-b: Dorsal and anal fins with spines-.6

6-a: More than 14 spines on the dorsal fin; one pair of nostrils only -.Cichlidae
6-b: Less than 14 spines on the dorsal fin; 2 pairs of nostrils -.7

7-a: 7 spines on the dorsal fin followed by 9 to 11 soft rays; translucent body-s-e-Ambasstdae (Ambassis sp.)
7-b: 10 spines on the dorsal fin followed by 9 to 13 soft rays; non-translucent body-s-e-Kuhliidae (Kuhlia sp.)

8-a: The distance between the two dorsal fins is greater than the length of the first dorsal fin's basis -.Mugilidae
8-b: The distance between the two dorsal fins is smaller than the length of the first dorsal fin's basis-.9

9-a: Free pelvic fins; 6 branchiostegal rays-.IO
9-b: Pelvic fins welded together; 5 branchiostegal rays -.Gobiidae

IQ-a: Pelvic fins close together; lateral line absent -.Eleotridae
IQ-b: Pelvic fins very distant from each other; lateral line present-s-e-Rhyacichthyidae (Rhyacichthys sp.)
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• • • Conservation and management
The curren t state of knowledge on the life cycle of the
amphi dromous species (biology, ecology) of San to,
the length of the larval phase and the part it plays
in the dispersal of larvae, is of direct relevance to
manageme nt and conservation. Th e management and
the conservation of species must take in to account
both the dependency of adult populations on the
larval pool for replacement , and the con tribution of
each reproductive popul ation to the larval pool. The
length of the marin e ph ase might increase the prob 
ability of findin g a river for colonisation, as will the
streng th and the direc tion of mari ne currents . The
survival of the species in Vanuatu depends also on
the ability of existi ng populations to provid e enough
larvae to maintain app ropriate adult numbers .
Seasonal variab les (e.g. rai nfall, drought, floo ds ,
typhoons , etc .) have a major impact on the surv ival
of po pu lations : biological even ts suc h as reproduc
tion , spawning, an d the dispersal of larvae, are
dependan t on th ese event s and are synchron ised
with them. On the island s , the impact o f humans
on aqua tic habitats is h ighl y signifi cant , particu
larl y on es tuarine habitats , wh ich are cruc ial to
am phidromous species . Th ese have to undertake
two mi grati on s between Iresh waters an d th e sea.
The success of suc h a life cycle , i.e. p roduct ion of
larvae and restocking rivers, depends on maintain
in g th e mountain-ocean corr idor in San to ope n to
allow m ovement betw een both habitats.

Severa l importan t facts need to be pointed ou t for
the management and/or the conse rva tio n of San to's
fres hwater fish an d crustaceans .

• It is essential to allow species to move freely
between the upstr eam and downstr eam reaches
for trophic or gamic migrations or for the lar
vae 's downstream migrat ion ; and between the
downstream and upstream reaches for river co lo
nisation by the post -larvae and the juveniles.
To ensure the free circu lation of these species
requires that there be no barriers in the river that
cannot be crossed both up and downstream (the
ecological and biological characteris tics of all the
spec ies involved nee d to be studied). It is also
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importan t to note that fishways are effective only
if adapted to the con text, to the fish species and if
there are few on the migration pathway.

• Th e different ecolog ica l studies ca rried out
show that a mi nimum flow ha s to be main
tain ed in order to m aintain rheophi le zones
(strong current and high water oxygen at ion) in
the river and thus enable the species ada pted to
such an environmen t to comple te th eir biologi
cal cycle . The flow rates must be high and must
follow seasona l varia tions : the freshwater wave
discharging at sea "calls" the post-lar vae which
th en colon ise th e rivers . The disappearance of
th ese rheophile areas would rapidly lead to the
extinc tion of th e endemic species.
• Th e vege tation cover must be maintained over
rivers which s till ha ve a catchme n t area with
a forest. This forest cove r ensures th e water
remains coo l and is well oxygen ated ; it also
ensures regular rain fall thus supplying th e catch
ment area with water. Forest cover provides a
high diversity of habitats and therefore of spe
cies . It also supplies exogenous elements for the
nourishment of certai n spec ies .
• Th e installa tion of structures mod ifying the
flow rate, degrading habitats or caus ing pollution
shou ld be avoid ed . River eutrophication would
lead to the disappearance of rare and/or endan
gered species becaus e of the modifi cation of the
physical and chemical parameters of the wa ter ;
moreover, the proliferation of filamentous algae
would restrain th e developmen t of amphidro
mous speci es, as they are usually grazing species
scraping short algae off pebbles and rocks. Several
sec tors of the Cumberland high plateau have suf
fered recent deforestation , leading to significant
eu troph ica tion in these areas and to a decrease in
local biodiversity.
• Estuaries mu st be pr eserved as they rep rese nt
areas where certa in spec ies transit , wh ere larvae
of amphidromo us sp ecies exit to sea, an d where
post -larvae and juveniles enter to co lonise the
rivers . It is esse n tial that they will be kept in
there natural stat e.

FOCUS ON AQUATIC INSECTS

Arnold H. 5taniczek

Aquat ic insects are a h et erogen eous asse mblage
com pr ising severa l insect orde rs wh ich have inde
pe nde n tly evol ved in aq ua tic habitats. The lar vae
o f m ayflies (Epherne ro p tera) , darnsel flies and
dr agonflies (Odona ta) , sto neflies (Ple co p tera) ,
alderfli es and d ob sori flies (Megalo ptera) , and
caddis llies (Trichoptera) are obligatory bound
to freshwat er habitat s . Furthermore , th e true
bu gs (Hete rop tera) , beetl es (Co leo p te ra) an d

flies (Dip tera) eac h include many large families
presen t only in aqua tic habitats . In fact , alm os t
eve ry insec t ord er has a t least a few aq u atic
rep rese n ta tives . In all ki nds of contin ental fresh
water enviro nm ents , aqu a tic insects are usually
th e largest single grou p o f organisms , by spe cies
as well as specim en numbers , and are of para
mount importance to th e co mm u nity s tructure
and funct ion.
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However, in isola ted tro pical arc h ipelagos the fau 
nal com position of freshwater env iro nme n ts may
enti rely d iffer from co nt inental con ditions. The dis
persal of aqua tic freshwater insec ts from contin ents
to isolated arc hipe lagos is sev erely h am pered by
long dist ances ove r se a. Ad ul t m ayflies , stcneflies ,
and caddis flies are poor flyers and deli cate insec ts ,
so thei r success in establishing island po pula tion
is rather limi ted . A colon isation throu gh larval
dis persal can en tirely be ru led out, as freshwater
insec t larvae genera lly do n o t survive in marine
cond itio ns . While crustaceans , e.g. shrimps, may
secondari ly conquer fresh water habi ta ts from th e
seas, all sp ecies of insec ts must bridge th e sea eith er
by aerial di spersal or by clinging to driftw ood.
This is m ainly the reason for an entirely d ifferen t
freshwat er species co mposition on Vanua tu co m
pared to the Austra lian or Asian mainlands . In th e
streams of Santo only a very limited amoun t of
freshwater insects sp ecies is presen t, and regard
ing arthopods the streams are rathe r dominated by
freshwa ter shrimps.

• •• Mayflies (Ephemeroptera)
Larvae of mayflies are easily recognized by the presence
of abdominal gills and three tail filaments. The larvae of
mos t spec ies mainly feed on detritus . Adult mayflies do
not feed anymore and have a very short life spa n rang
ing from several hours to a few days. Adult mayflies are
characterized by the presence of two or three long tail
filamen ts. The hind wings of mayflies are reduced; in
some species they are even completely lost.
Kim mi ns described in 1936 a single species of
may flies fro m Err omango , bu t mayflies have never
been reported from Santo . During our field work
we were able to record th ree di fferen t mayfly spe
cies . The larvae and female ad ult of Caenis vanuat
ensis (Caenidae) h ave been desc ribed recen tly. The
descrip tion of a ne w species of Labiobaetis as well

as the descrip tion of the larva o f Cloeon sp . is cur
ren tly in p ress .

0 0 0 Key for the identificat ion of larvae
of th e mayfly families of Vanuatu

I-a : All abdomi nal gills leaf-like, si tuated on sides
of abdo men at least on segments Il-VlI -+ Baetidae
I -b : Abdominal gill I finger -like, abd omin al gills II
situ ated dorsally on abdomen and modified to an
ope rcu lum coveri ng gills Ill-Vl -s-e-Caenidae

0 0 0 Baet id ae (s ma ll minnow mayfli es )
Cloeon sp.
Labiobaetis sp .
Larvae of Baetidae are on ly of few centimetres len gth .
They have a spi nd le-shaped bod y to whic h six or
seven leaf-like pa irs of abdominal gills are inserted
laterally. The ou ter tail appendages , the cerci, are
on ly medially fringed with long swimm ing hairs .
Baetidae mainly feed on detritus . Usua lly small min
now mayflies have two to three genera tions with in
one year.
A single species of Baetidae, Cloeon erromangense,
is known from Erromango and was described by
Kimmins ( 936) from adults . We encountered lar
vae of two species of sma ll minnow mayflies in
several streams of western San to. One species can
be attr ibuted to Cioeon sp ., but as the adults remain
unknown it is no t clear if these larvae are conspecific
wit h C. erromangense or if they represent a d iffer
ent species. The othe r co llected species from San to
belongs to Labiobaetis, a gen us th at is widespre ad in
the Australasian rea lm. Both genera are very similar
to each other and th us n ot easy to distinguis h [or
layme n . Th e larvae of Labiobaetis (Fig. 302A) usu 
ally have a long and broad medial projecti on on the
second segment of the labial palp an d lack gilll. Both
species were only collected in calm river parts cling
ing to the riveri ne vegetat ion.

0.5 mm

Figure 302: Ephemeropt era. A: Lobioba etis sp. 8-0: Caenis vanuatensis . (Photos A.H. Staniczek).



••• Cae n idae (small square-gill ed mayfli es,
ang le r's curses)

Caenis vanllatensis Malzach er, 2007
Caenidae belong to the smallest mayflies, with only a
few mill imetres of body length. Th eir adu lts are char
acterized by the total loss of their hind wings, and the
forewings lack marginal intercalary veins. The larval
abdominal gills are modified: Gill I is reduced and fin
gerlike , gill II is modified to an opercu lum that covers
gills Ill-VI, gill VII is lost. The larvae of C. vanuatensis
(Figs 302 B & 302C) can be distingu ished from other
species of Caenis by the Significantly reduced and
sh ort ened dorsal ridge of the operculate gill 1I.
There are m or e than 100 sp ecies of Caenidae
describ ed wo rldw ide . W hile so me spec ies are
also reported from In donesia , Papua New Guinea,
Australia, and Fidji , th ey are nei th er present in
New Zealand no r in New Caledon ia.
C. vanuatensis is abu ndan t in man y of the inv esti
ga ted strea ms in both wes tern an d eas tern Santa .
Numerou s lar vae were co llec ted under stones and
on the grou nd where they feed on de tr itus. All lar
vae found were of similar siz e which may poin t to
a syn ch ron ised life cycle.
All collec ted larvae and reared adu lts (Fig. 30 2D)
were of fem ale sex . This makes it likely that C. vanu
atensis is a parthen ogen eti c species . Parthen ogen esis
is often assumed to occ ur more likely on islands,
and this phenom enon is also kno wn from ot her
species of Caenidae.

• •• Dragonflies and Damselflies
(Odonata)

Adult Odo nata are genera lly more robust and mobile
than other aquatic insects. Especially dragonflies are
know n as agile perchers and thus are very successful
in the colonisation of islands . This may be the reason

The Natural History of Santa

that a comparatively higher number of species cou ld
be found on Santa. The vast majority of Odo nata
found on Vanuatu is widely distributed throughou t
Sou theas t Asia and the Australasian region , bu t the
species of Vanuatubasis are considered ende mic to

islands of Vanuatu. Until now 25 spec ies of Odo nata
were kn own from Vanuatu. In our field studies we
recorded 13 species, adding seven new records for
Espiritu Santa . Five of these are also new for Vanuatu.
Our study thus increases the total num ber of dragon
flies for Va nuatu to 29 , and now 17 species are know n
from Santa (Table 29) .

•• Key for th e identificati on of adults
of the odo na te famili es of Vanuatu

I -a : Fore- and hind wings Similarly shaped and pe tio
late. Eyes well separa ted on top o f the head. Discoidal
cell four-sided (quadrilateral), never traversed by
crossvei ns --.Suborder Zygoptera 2
I-b : Forewings narrower than hind wings and never
petiolate. Eyes touching on top of the head . Discoidal
cell three-sided (triangle), some times traversed by
crossve ins --.Suborder Anisoptera 3

2-a: Pterostigma distinctly longer than broa d. Several
wing cells five-sided . Veins IR3 and R4+5 originate far
basal to the node. At least one supplemen tary, int erca
lated vein several cells long between branc hes of Rs in
dista l po rtion of wings -+Family Lestidae with one
genus: Ausrrolesres
2-b: Ptero stigma not or scarcely longer than broad.
Most wing cells four- sided . Veins IR3 and R4+5
or iginate beneath the node. No supplemen tary lon
gitudinal veins between bra nc hes of Rs in distal
po rt ion of wings -+ Family Coenagrionidae with
six gen era: Agriocnemis , Ischnur«, Melanesobasis,
Vanltarubasis , Pseltdagrion , TJineuYagrion

Agriocnemis exsudons Selys, 1877

/sehnura aurora (Brauer, 1865)
-- -- -----
Vonuotubosissontoensis Ober& Staniezek, 2009

Vonuotubosis sp.
--- ---

Pseudogrion microeepho/um (Rambur, 1842)
---

Pseudogrion sp.

Anox guttotus (Burmeister, 1839)
--- ---- -----------
Hemieordu/io fide/is MeLaehlan, 1886

----
Dip/oeodesbipunetoto (B rauer, 1865)

----- -

Dip/oeodes hoemotodes (Burmeister, 1839)
.. - - --

Dip/oeodes trivia/is (Rambur, 1842)-_..- ---- -----------
Neurothemisstigmotizons (Fabricius, 1775)

.._- -

Rhyothemis phyl/is (Sulzer, 1776)
. . ---

Orthetrum setapio Watson, 1984

Orthetrum vi//osovittotum (Brauer, 1868)
- -

Tromea propinquo Lieftinck, 1942

Panto/a f/oveseens (Fabrieius, 1798)

Table 29 : Seventeen species of dragonfl ies are known from Santa.

......---~---------------Klmmin ~ 1936), al 0 as A. villenSIS

Ktrnrnm (1936), as I. torresiallo

New for Espinlu ante and Vanualu

New for Espirnu Santo and Vanualu

Knnnuns (193&

New for EspiritlJ anto and Vanuatu

Kunrnihs ( 1936)

New for Espirilu Sento

Kimmins (1936)

ew for Espiritu Sento

Kimmins (1936)

Klmmtns (1936)

Klmmins (1936)

Kimmins(1936), as 0 sobina

New for Espirilll anto and Vilnuatu

New for Espunu Santo and VanualU

irnrnins (1936)
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3-a: Discodial cells in fore- and hind wings similarly
shaped and more or less equidistant from arculus.
Middle lobe of labium large, lateral lobes widely
seperated --+ Family Aeshnidae with four genera:
Adv~aeschna, Anadaeschna, Anax, Gynacantha
3-b: Discodial cells in fore- and hind wings differently
shaped and much nearer to arculus in hind wing than
in forewing. Middle lobe of labium small and con
cealed by the contiguous lateral lobes --+4

4-a: Posterior eye margin with prominence --+ Family
Corduliidae with one genus: Hemicordulia
4-b: Posterior margin of eye without a conspicious
prominence --+ Family Libellulidae with seven
genera: AgTionoptera, Diplacodes, Neurothemis,
OrthetTum, Pantala, Rhyothemis, Tramea

••• Annotated species list of Odonatafrom Santo

. Damselflies (Zygoptera) - Coenagrionidae

Agriocnemis exsudans Selys, 1877 (Figs 303A,
303B &:. 303C) (no common name)
A. exsudans (syn. A. vitiensis) is a small species of
damselflies with hind wings shorter than 14mm.
It is found throughout the southwestern Pacific.
Adult males are very characteristic, as they are cov
ered with whitish pruinosity on thorax and legs.
Young males as well as females do not exhibit any
pruinescence, but have an orange-red colouration
on abdominal segments VIIl-X. Otherwise they
are coloured green and black. A. exsudans has
been previously recorded from Shark Bay, Espiritu
Santo, by Kimmins. It is also recorded from Vila by
Tillyard in 1913. We encountered A. exsudans in
the area of Tasmate at Taro fields and near Tasmate
River. It was also recorded from Penaoru near
Penaoru River.

lschnura aurora (Brauer, 1865) (Fig. 303D) (Aurora
bluetail)
This species was commonly encountered at tem
porary puddles and ponds in the Tasmate area. Its
males are characterized by a green thorax, reddish
abdomen with a black tail, additionally marked with
blue on segments VIII-IX. It is also a small to tiny
species. It occurs from India to the Central Pacific.

Pseudagrion is a large genus with more than 150
described species worldwide. P microcephalum.
occurs from the Indian subcontinent through
Southeast Asia and northeastern Australia into the
western Pacific. It was previously recorded from
Shark Bay, Santo. We did however not encounter
this species during our field work. P miCTocephalum
is a medium-sized black and blue damselfly:

Pseudagrion sp. (Fig. 303F)
So far this species was unknown from Vanuatu and is
recorded herein for the first time. The specimens are pres
ently investigated and cannot yet be clearly assigned to

a certain species. Males of the species found at Penaoru
River are predominantly black with dark metallic green
mesothorax and blue metathorax. Abdominal segments
VIII and IX are almost completely blue.
Female specimens are blackish with green thoracic
and and abdominal sterna.

Vanuatubasis santoensis Ober &:. Staniczek, 2009
(Fig. 303E) (no common name)
Kimmins (1936, 1958) described Nesobasis male
kulana from Malekula and Nesobasis bidens from
Aneityum. Ober &:. Staniczek 2009 restricted Nesobasis
to 21 species described from Fiji, established the
new genus Vanuatubasis for the two known spe
cies from Vanuatu, and added another new species
Vanuatubasis santoensis from Santo to the new genus.
V santoensis was recorded from the lower courses of
Penaoru River, Mamasa River and Pae River.
The males of this endemic species have an extraor
dinarily long abdomen, its general colouration is
mainly olive green with brown longitudinal tho
racic stripes. Also characteristic is a blue labrum.

Vanuatubasis sp.
There is probably at least another species of
Vanuatubasis present on Santo. Female specimens
were collected that are probably not conspecific
with any known species of Vanuatubasis and thus
remain undescribed for the moment.

Dragonflies (Anisoptera) - Aeshnidae

Anax guttatus (Burrneister, 1839) (Lesser green
emperor)
This genus represents large to very large dragonflies.
A. guttatus is distributed from India throughout the
Pacific. Its light green thorax and abdominal seg
ment I is very distinctive.
Abdominal segments II-1Il are of light blue colour,
the remaining abdominal segments are black with
pale brown spots. The species has previously been
described from Hog Harbour, Santo by Kimmins in
1936. We were not able to catch the species, but
have numerous sightings from Tasmate.

Dragonflies (Anisoptera) - Hemicorduliidae

Hemicorduiia fide/is McLachlan, 1886
The distribution of this species is restricted to New
Caledonia, The Loyalties, and Vanuatu. Kimmins
reported in 1936 this species from Tanna and (under
H. assimilis oceanica) from Aneityum, Malekula, and
Efate. We record this species for the first time from
the west coast of Santo. Three female specimens
were caught from Tasmate River and Penaoru River.
Most females of the species can be distinguished
from all other Hemicordulia females by the presence
of a diffuse amber cloud covering the distal part
of the forewing near the pterostigma. Its general
appearance is dark green metallic.
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Figure 303 : Odonata. A-C: Agriocnemis exsudans. D: Isehnura aurora. E: Vanuatubasis santoensis. F: Pseudagrion sp. G: Dip/aeodes
bipun etata. H: Dip/aeodes haematodes. I: Dip/aeodes trivialis. J-K: Neuroth emis stigm atizans . L: Orthetrum villosovittatum . (Photos
M. Pallmann).
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Dragonflies (Anisoptera) - Libellulidae

Diplacodes bipunctata (Brauer, 1865) (Fig. 303G)
(Wandering Percher)
Diplacodes ranges from Africa and Asia through
to the Western Pacific. D. bipunctata is found in a
variety of still waters and was frequently observed
in Taro fields near Tasmate. It was also collected at
Tasmate River and Penaoru River. The species was
previously also recorded from Banks Island. It is a
small to medium-sized, red species. It has a small
amber spot at the hind wing base that does not
reach the rear margin of the hind wing.

Diplacodes haematodes (Burrneister, 1839)
(Fig. 303H) (Scarlet Percher)
D. haematodes is very close to the previous spe
cies, but differs from D. bipunctata in having an
elongate, light yellow tinged area on the hind wing
base, which extends to its rear margin and to the
triangle. It is widely distributed and occurs in
Australia, Sri Lanka, New Guinea, New Caledonia,
and Vanuatu. It has previously been only recorded
from Aneityum and Erromanga. D. haematodes
was frequently observed in West Santo at Tasmate
River, Pai River, and Penaoru River.

Diplacodes trivialis (Rarnbur, 1842) (Fig. 3031)
(Chalky Percher)
The distribution of D. trivialis reaches from the
Seychelles to Fiji. This species is recorded in Santo
for the first time, though it was previously known
from Malekula and Erromanga. It inhabits ponds,
taro fields, and swampy areas. This species is of
predominantly black colour marked with yellow,
becoming bluish grey in the mature male.

Neurothemis stigmatizans (Fabricius, 1775)
(Figs 303J &: 303K) (Painted Grasshawk)
This species is frequently observed throughout
Santo. It is distributed from India to the western
Pacific and inhabits a wide range of still waters.
We found this species frequently at Taro fields
near Tasmate, and also at backwaters of Mamasa
River and Penaoru River. The mature males of
N. stigmatizans are easily recognized by their
characteristic, large, brownish red wing mark
ings that cover the basal two thirds of the wings.
In young males these markings are of brownish
yellow colour. The colour of the pterostigma also
changes from whitish yellow to red during matu
ration. In females, the pterostigma is also red, but
there the otherwise clear wings have only lightly
tinged wing markings at the tips and basally of
the pterostigma.

Rhyothemis phyllis (Sulzer, 1776) (Yellow-striped
Flutterer)
This species is distributed from Myanmar to
Australia and through the western and south
ern Pacific. It has been previously recorded from

. . .

Malekula and with one male and female specimen
from Shark Bay, Santo, by Kimmins. We were not
able to encounter the species during our field
work. R. phyllis has colourless or tinged yellow
wings marked with brownish to black patches. A
major brownish black area at the base of the hind
wings is traversed by a yellow cross-band. The
wing tips are also darkened.

Orthetrum serapia Watson, 1984 (Green Skimmer)
O. serapia was found near Tasmate at Mamasa
River. Kimmins recorded the closely related O.
sabina from East Santo at Shark Bay, but the latter
species is otherwise only known from the Palearctic
to Australia and New Guinea. Kimmins' specimens
most probably represent O. serapia, which is pos
sibly distributed from the Philippines to the south
western Pacific. The species is characterized by the
presence of three light green stripes on the syn
thorax edged with brown. The abdomen is basally
swollen and constricted from segment III on.

Orthetrum villosovittatum (Brauer, 1868)
(Fig. 303L) (Fiery Skimmer)
This species is recorded for the first time for
Vanuatu. It was found at Tasmate, Mamasa River,
and Penaoru. It is a very distinctive, medium to
large sized species with a red abdomen in the male.
Females are entirely coloured yellow to orange.
The species is distributed in North and Eastern
Australia, New Guinea and adjacent islands.

Tramea propinqua Lieftinck, 1942 (Northern
Glider)
Two mature males of his large dragonfly were
found at Tasmate River. These findings rep
resent the first record for Vanuatu. Like all
other species of the genus, T propinqua has
conspicuous dark brown patches at the base
of the hind wings. In this species these mark
ings are narrow, not reaching the base of the
triangle. Additionally, the top of the male frons
is metallic purple. T propinqua is also recorded
from Northeast Australia, New Guinea, and the
Bismark Archipelago.

Pantala Jlavescens (Fabricius, 1798)
(Wandering Glider, also Globe Skimmer)
This species has a large distribution throughout the
tropics and warmer temperate regions of the world.
It is known to be a strong migrant, and its dispersal
is associated with the Inner Tropical Convergence
Zone. Kimmins (1936) recorded this species from
Hog Harbour and Shark Bay, Espiritu Santo. The
medium sized, dull orange to brownish species
inhabits a wide range of still waters.

• •• Other aquatic insect orders
Plecoptera (stoneflies) have never been recorded
from Vanuatu. We have neither been able to con
firm the presence of any species of stoneflies during
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our field work. It is most likely that Pleco p tera
have no t been ab le to co lonise San ta . Stc ne flies are
also not rep orted from New Caledo nia and man y
o ther Southwest Pacific Islands. The sa me app lies
to dobsonfl ies (Megalo ptera) who most probably
do not occu r on San to.
We were also no t su ccess fu l in collec t ing any
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cad dis ll ies (Trich op tera) a t Sa n ta , al tho ug h
Kim m ins , Mosely, and Neb ois s d escribed several
spec ies o f Trich optera from Vanua tu .
In some temporary pu ddle s near Pe naoru there
were also some specimens of water scavenger bee
tles (Hydroph ilidae) collected , but th eir taxonomy
has no t yet been worked ou t.

FOCUS ON FRESHWATER SNAILS

Yasunori Kano, Ellen E. Strong, Benoit Fontaine, Olivier Gargominy,
Matthias Glaubrecht & Philippe Bouchet

• • • Freshwater nerites
(Yasunori Kano)

The Neritidae , a lso ca lled neritids or "n erites" ,
rep rese nt one of th e co mmones t mem bers of fresh
water snails on Santo and other trop ical islands.
Ner itids seem to h ave their origin in the sea, com
prise roughly 100 livin g species in a few marine
genera (e.g. Nerita) and abun da n tly in hab it in te r
tidal rocky shores . How ever, th ey are more di verse
in fresh water and brack ish-water env iro n me nts in
te rms o f th e nu mb ers o f species and ge nus. There
are so m e 200 limnic species worldwide in eight
or more genera (e .g. Neritodryas, Clithon, Vittina,
Neli tina, Neripteron and Septaria). T he ma rine spe
cies h ave rath er un iform ly round sh e lls , wh ile
the freshwa ter lin eages have evo lved var ious she ll
morphologies : th ey are spined , winged or limpet 
shaped (Figs 304 & 305 ) . "Neritcs" may refer col
lectively to th e me mb ers of Neritiliidae along with
th e Neritidae. Regardless of th eir sim ilar names,
habitats and sh ell shapes , th e two fam ilies are
to ta lly differen t in soft part an ato my and in evo
lut ionary his tory. Neritilii dae cons is ts o f abou t 30
living species of minute round sna ils th at inhabit
ocea n ic (e .g. Pisulin a) or lim ni c (Neritilia and
Platynerita) envi ro nmen ts . The text be low deals
with the sp ecies of th e two neritimorph families in
fresh water an d brackish water habit ats , including
s treams , rivers , sp rings , estuari es and mangrove
sw am ps (see chap ter "Habitat types").

Fully-grown she lls of limnic neritids may attain a
diameter of 4 cm , but many species do not reach
2 cm at maximu m . All neritiliids as well as some
Clithon species are minute with th eir sh ell diam
eters less than 1 cm . Neritid shells oft en exh ibit
with in-species variation in th eir shape, co lour an d
markings (Figs 304 & 305) . Th ese co nside rable
intrasp eci fic varia tions acco mpa n ied with so me 
t imes quite sub tle d iffer ences be tween sp ecies
make identi fication dif ficult withou t know ing th e
ex act ranges of the variations. Worn sh ells may
further prevent species identification . The apexes
of neri te sh ells are often ero de d w i th the acid ic
wat ers of streams (ra in is naturall y s ligh tly ac id ic)
a nd man gro ve swa mps . The extreme exa mples of

eros ion occur in long-li ved freshwat er species of
Clithon and Neritina, where th e apica l one-t h ird of
the s hell is eroded away an d secondari ly plugged
by an in ner shell layer. Ero ded shells are rare in
ca lcium-rich waters flowing through kars t terrain.

Ne rites ar e all her bivorous and graze on micro 
algae, bu t habitat partitioning s us ta ins dozen s of
species in a si ng le river syste m . Dist an ce fro m th e
river mo u th , wa ter ve loc ity, sa lin ity an d riverbed
co ndi tio n are th e prima ry fac to rs th at determin e
sp ecies com position at a cert ain area of rivers and
st reams (see "Mount ain st rea m s and lo ngitu d inal
zonation "). At a sm aller scale , a different set o f
sp ecies oc cu pies a d ifferen t typ e of mi cr oh abit at s
in a short s tret c h o f rivers (Fig. 306) . Yet , seve ral
sp ecies com mon ly occupy ex actly th e same typ e of
m ic rohabitat in the sa me stream, and the surp ris
ingl y high sp ecies diversity of limnic ner ites cannot
be solely explain ed by the resource parti tioning.
Natural disturban ce by flooding in th e rainy sea
so n may play a significan t role in mai n ta in ing a
het erogen eous e nv iro n me n t and hen ce th e species
richness . Ner ites requ ire hard su bs t rata for the ir
gra zing and they ca nno t be fou nd on mud bottom
in es tu aries .

Mating and s pawning oc cur year arou nd . Female
sna ils s to re spe rm ca psu les (s pe rrna to p h ores)
rece ived from males fo r co nt in uo us spaw n ing .
Neritids lay flat , ellip tical egg capsu les on hard
su bs trata in clud ing rocks and shells of o the r snails
(Fig. 3058) The capsules are 1-3 mm long depend
ing on species and are covered with sa nd grains
sorted from m other's faeces . Newl y laid capsules
are whi te and th en beco me crea m to brown in a
few days. Each capsu le co n tains up to 300 eggs that
ha tch several wee ks a fter being laid . Most fresh
wa ter neri tes in the ludo-Pacific region ha ve an
arn phid rornous life cycl e (Fig. 30 7) . Am phidromy
is a s trategy in volving migration of juv en iles from
the sea into freshwater, where growth from ju venile
to ad ult , attainm ent of sexu al maturity, and spawn
ing all occu r. Wi th the presen ce of th e obliga to ry
ma rine phase, ner ites do not occu r in pools and
da ms witho u t con nection to the sea . However,
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Figure 304 : Neritid and nerit ill id gastropo ds from rivers, streams and mangrove swamps on Santo, Vanuatu. Note that some 10
species found on Santo are not includ ed here. Morphological and genetic criteria were emp loyed for rigorous species classificatio n,
but scientifi c names used are provisional and these assignments may be infirmed by thoroug h investigation on type specimens.
A: Neritodryas sp. cf.notabilis, 41.8 mm. B: Neritodryas cornea, 26.5 mm. C: Neritodryas "subsulcata", 35.3 mm. D: Clithon siderea,
5.7 mm. E: Clithon po ulucciana , 5.2 mm. F-G: Clithon oualaniensis, 8.8 mm (F), 7.5 mm (G). H: Clithon chlorostoma , 7.0 mm .
I: Clitho n diadema, 15.5 mm. J: Clithon aspetsus, 27.0 mm. K: Clithon olivaceus, 24.0 mm. L-M: Clithon corona, 24.7 mm (L),
19.8 mm (M) . N: Neritilia rubida, 4.8 mm. 0 : Neritilia vulgaris, 2.9 mm. P: Platynerita rufa, 4.6 mm. Sizes denote maximum shell
diameters of figured specimens, excluding spines if present. The spine development of Clithon shells sometimes varies greatly w ithin
a single species. Very long spines are most frequently found in young shells from calm waters, whil e adults w ith and wit hout spines
often eo-inhabit a fast flowing stream (L&M).
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Figure 305: Neritid and neritillid gastropods from rivers, streams and mangrove swamps on Santo, Vanuatu (conti nued) . A: Neritino
pul/igera, 39.2 mm. B: Neritina petiti i, 36.2 mm. C: Nerltino asperu/ata, 25.6 mm. D: Netitino canalis, 22.5 mm. E: Neritino
po wisiono, 25.3 mm. F: Neripteron tlorida, 10.5 mm. G: Neripteron siquijorensis, 10.9 mm. H: Neripteron spiralis, 8.2 mm.
I: Neripteron auticulota , 22.4 mm. J-K: Neripteron subouriculata, 20.5 mm (J), 10.3 mm (K). L: Sep tario porcel/ana , 30.7 mm.
M: Septario tesse loto, 32.0 mm. N-O: vittina adumbrata, 31.3 mm (N), 23.9 mm (0). P: vittino corom ande/iana, 14.0 mm.
Q-S: vittino vorieqato, 17.7 mm (Q), 19.4 mm (R), 19.9 mm (S). T: vittina commu nis, 11.1 mm. Shells of Neripteron species from
protected mangrove swamps are generally thinner, flatter and w ider wi th more prominent wing -like projections (J) than those from
relatively exposed estuaries (K). For species wit h variable shell colours, opercul a are sometimes more useful in identification: V
adumbrata always bears a wh ite operculum (0), while V variegata has a black one (R&S).
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Figure 306: An idealized landscape with various freshwater and brackish-water habitats of the Neritidae and Neritiliidae.
Representative species are shown for each habitat. Cascades are often inhabited by Neritina canalis; mountainous rapids with
rocks harbor quite a few species of Neritodryas, Clithon, Vittina, Neritina and Septaria. The middle reach of rivers with stones is
typically inhabited by Clithon coronaand a few Neritina; brackish estuaries by C/ithon diadema and Septariatesse/ata;the mouth of
streams at pebble beaches by several small species of C/ithon; mangrove swamps by Vittina coromandeliana and some Neripteron.
Exceptions to this macrohabitat segregation include the presence of such omnipresent species as Septaria parcel/ana and Neritilia
rubida from both upper and lower reaches of rivers and streams. Habitat segregation also exists at a smaller scale. For example, a
middle reach of a stream may harbour Neritina petitiion the lateral sides of rocks in fast-flowing water, Neritilia rubida under deep
buried boulders, Vittina adumbrata and Neritodryas "subsu/cata" on walls above the level, and Neritodryas cornea even on the
branches of nearby bush. Neripteron spiralis and Septaria tesse/ata prefer drift pieces of wood on the riverbed to rocks and stones
as their habitat in an estuary, while preference is reversed in the sympatric C/ithon diadema. (Illustration by Miyuki Fuji).

some species crawl surprisingly long distances to
mountain rapids more than 10 km away from estu
aries where they metamorphose and settle.

The longevity of their larvae in the ocean may
exceed two months, and such a long duration of
the larval phase makes widespread geographic dis
tribution possible. Although adults inhabit strictly
freshwater environments, many amphidromous
species are distributed widely in the Indo-Pacific.
For example, specimens of Septaria porcellana
on Santo are surprisingly similar to those from
Japan and eastern Africa, both morphologically
and genetically. Of the approximately 40 species of
non-marine nerites on Santo, some 30 have fairly
wide distributions stretching to either South-East
Asia or French Polynesia, and less than 10 species
are restricted to the Melanesian islands. In con
trast, few direct developers (those hatch from egg
capsules as crawl-away juveniles without a marine
phase) show understandably higher levels of ende
mism. An unidentified Neritodryas (Fig. 304A)
may represent a new species endemic to Vanuatu,
supposedly with a direct development.

The downstream and upstream migration of
amphidromous animals can easily be hindered

with such human activities as water withdrawals,
channel modifications, deforestation and sewage
inputs at any reach of a river. Water withdrawals
should not dry up rivers, or nerites there disappear
for many years; extensive logging may also reduce
dry season flow to zero. Dams and certain types
of stream crossings (e.g. culverts with pipes) can
impede migration and eliminate upstream popula
tion. With their large biomass, elimination of the
snails may result in food-web alternation in a river
system. Santa has been a good representative of
high islands in the region in sustaining the natural
conditions of various habitats and the snail diver
sity, while large species are rare in some places,
suspectedly due ta over-harvest by locals for food.

• • • Thiaridae and other freshwater snails
(Ellen E. Strong, Benoit Fontaine,
Olivier Gargominy, Matthias
Glaubrecht & Philippe Bouchet)

The Thiaridae is a family of snails distributed
throughout the tropics and sub-tropics around the
world, inhabiting inland Ireshwaters as well as the
lower, tidally-influenced reaches of coastal rivers
and streams. Members of the group are playing
a variety of roles in aquatic ecosystems as pri
mary herbivores, bioturbators, vectors of disease,
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Figure 307: Schematic illustration for the amphidromous life cycle of the freshwater Neritidae and Neritiliidae. (1) Mother snails
lay egg capsules on rocks in the freshwater reaches of rivers. (2) Hatched larvae, 0.1-0.2 mm in size, are swept downstream to the
ocean. (3) The swimming marine larvae feed on diatoms and other phytoplankton and grow up to 0.3-0.5 mm in several weeks.
Most larvae apparently remain in the vicinity of the river mouth, but some may travel great distances with ocean currents and the
luckiest of them may happen to drift to an estuary on a remote island. (4) Metamorphosis to crawling juveniles occurs at estuaries or
brackish reaches of rivers. (5) Young snails crawl upstream to the freshwater where they spend the rest of their life. Certain species
migrate surprisingly long distances with over 10 (or possibly 20) years of longevity. (Illustration by Miyuki Fuji).

invasive pests, agents of biocontrol and sometimes
substantial contributors to biomass. Thiarids are
recognized by their often large (up to -10 cm),
high-spired shells that can be smooth but may
also bear grooves, nodules, ribs or spines. Their
shells are simply coloured and usually appear dark
brown or black due to the presence of an organic
periostracum on the outer surface of the shell; once
this layer is removed, the shells are revealed to be
light tan to brown or green in colour, and may be
ornamented with reddish-brown "flames", spots
or spiral bands. Colour, as well as shell shape and
ornamentation patterns often vary considerably
within species.

Like other groups of freshwater snails, this exten
sive intraspecific variation in features of the shell
has produced widespread confusion surrounding
species recognition. Dozens of species have histori
cally been described from South Pacific islands as
"Melania", based on minor variation in shell mor
phology, reflecting differences between juveniles
and adults, ecophenotypic variation, or individual
pathological variants. In this respect, it is sig
nificant to quote Edgar Smith when he described
three new species from the "New Hebrides" island
of Epi back in 1884: "It is with some reluctance
that I name forms so variable and puzzling as the
Melaniae of South-Sea Islands". As a consequence,
it is unknown how many species of freshwater
thiarids currently really exist, and there is little
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consensus in the scientific literature regarding the
correct names of those that have been documented,
This situation confounds efforts to communicate
effectively about these species and hinders efforts
to understand global patterns of distribution and
diversity.

Thiarids are ovoviviparous and brood their young
in a specialized brood pouch extending into the
head-foot from a brood pore on the side of the
neck. Reproductive strategies range from species
that release hundreds to thousands of swimming
(veliger) larvae, to those that brood a few large
juveniles. In some species (e.g. Melanoides tuber
culata), the epithelium of the brood pouch has
been thought to provide nutrition for developing
embryos; but this claim is however controversial
with adelphophagy (brood cannibalism) being the
most likely source of nourishment. Males are rare,
and in some species completely unknown, indi
cating that reproduction is primarily (and some
times exclusively) parthenogenetic (development
of unfertilized diploid eggs) and only rarely sexual.
When sperm transfer does occur, it is accomplished
with elongate sperm packets (sperrnatophores);
however, successful mating has never been observed
and is thought to be facilitated by water currents as
males are aphallic (lack a penis).

The distribution of thiarids on scattered Pacific
islands, including Santo, suggests that development



Figure 308: Thiaridae from the rivers of Santo. A: Thiara cancel/ata. B: Thiara mirifica. C: Thiara winteri . 0-0' : Thiara scabra.
E-E': Thiara terpsichore. F: Balanocochlis glans. G: Tarebia granifera. H: 5tenomelania funiculu s. I: 5tenomelania plicaria.
J: 5tenomelania fastigiel/a. Scale bars: 10 mm. All shells are at the same scale, except D' and E' (scale bar on the right) whic h are
enlarged for clarity.
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Figure 309: Different forms of Thiaridae that correspond to Melanoides tubercula to morphotypes. However, unpublished molecular
data (COl, 125 and 165) indicate strong divergence betw een the four forms depicted. Scale bar: 10 mm.

is am phidro mo us (see text on Ner itidae, above) ,
allowing th e larvae to disperse in th e sea. Alth ough
the release of veligers has been observed , trans
oceanic dispersal has never been directly confirmed.
The obse rvation that juve niles and adu lts of some
species have di fferen t eco logica l tolerances , with
juve ni les do mina ting brackish in fl uenced areas
and adul ts in freshw ater ones, is furt her circum
stan tial evidence of their amphidromous life cycle .
Regardless, their inferred oceanic larva l deve lop
ment , part henogenetic reprodu ction and brooding
habit render thiarids effective dispersers an d colo
nize rs. Two species in par ticular - Melanoides tuber
culata and Tarebia granifera-are highly invasive
and have becom e established th roughout the tropics
primarily through the trad e in aqua tic plants (e.g .
aqua rium indust ry, agriculture) . Their effectiveness
as colon izers is heightened by their tolera nce of
low oxygen conditions and dis turbed habi tats , th eir
rap id growth , high fecundity and ability to maint ain
high popula tion densities . For example, while na tive
and naturalized thiarids typi cally do not main tain
extreme ly large populations , some invasive species
have been recorded at densities up to 10 000/m 2.

Altho ugh invas ive sn ail sp ecies have had sometimes
devastating effects on the local mollusc fauna of
Pacific islands (pa rt icularly land snails), invasive
thiarids usually on ly have loca l impacts resu ltin g in
displacement of native populat ion s throu gh com
pe tition and ove rcrowding and are not known to
have cont ribu ted to the wholesale extinction of
ende mic snail species. Neverth eless, the introduc
tion of thiarids has been cause for some concern as
some spec ies can serve as the first in termediate host
for the Orienta l lun g Hu ke Paragonimus westennani
and th e Chinese liver fluke Clonorchis sinensis as

well as for trematode in fection s of mammals, birds
and other wildlife. However, transmission requires
raw cons umption of the second intermediate host
(usually crus taceans) and/or poor water san ita tion
and in most areas , substant ial risks to human health
have not materialized .

Genetic s tu dies have de m ons tra ted th at invasive
popul ati ons are typ ically struc tured by repeated
int rod ucti ons from different source populations .
Th is allev ia tes th e dramatic and pot entiall y det 
rime n ta l decrease in gene tic dive rsi ty that can
acco mpany foun der eve n ts - a phe n om enon
h eightened among pa rt hen ogene tic clo nally repr o
du cin g species, as only a single female is ne cessary
to es tab lis h a viab le popula tion . Furt he rmore,
with in these populations different she ll mor ph s
representing pheno typica lly and genetically dis 
tinct clo na l lin eages can persist for quite so me
tim e owing to th e rarity of sexual reproduc tion
th at acts to h om ogen ize th e gene pool. When
differen t lines do occasionally interbree d, th ey
produce hybrids that become es tab lished as inde
pendent lines wi th the ir own pop ulat ion dyn am
ics . Th e long term persistence of th ese distinct
sh ell morphs ha s been yet an other con founding
in fluence in th e attempt to underst and sp ecies
d iversi ty in this gro up .

On Santo, rou gh ly 17 species of thia rids (so me
n ot shown) hav e been found inh ab iting coas tal
and inl and rivers and st reams (Figs 308 &: 309) .
Togeth er with Fij i and Samo a, Sant o rep rese nts th e
eas tern ex tent of native po pulations of thiarids in the
Pacific; in East ern Po lynesia, on ly the widespread
alien species Melanoides tubercutata, and, to a lesser
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extent , Tarebiagran
ifera, are present.
Some San to spe
cies h ave b een
docum ented at
eleva tions as high
as 700 m abo ve sea
level (a .s.l.) in the
Cumberland range ,
or a t 570 m a.s .!.
in th e Butmas area,
some 25 km away
fro m the closest
coas t. Ind ividual s
of most species are
found in the main
cha n ne l o f s low
flowing streams, or
in side channe ls,

Figure 3 10 : Contrary to most sa n dy banks and
gastropod genera, Physastra is left- pools o f fast Ilow
handed . Specimen from Fapon area, ing s treams, whi le
H = 11 mm. others prefer more
stagnant wa ters , like smal l poo ls, marshes , man
grove swamps and irrigated fields . Th ey occ upy
many d ifferent su bs trates incl uding mud, sand ,
pebbles or sto nes where they graze on dia toms
and filam entou s algae with so me species in tidally
influenced areas tolera ting prolo nged exposure to
air. Some species are act ive primarily at ni ght ,
burrowing in to the sediment away from potential
predato rs by day. San to th iarids can be quite abun
dant , reach ing densi ties of several dozen individu
als pe r square meter, and in so me areas up to five
species of thiarids may eo-occu r syntopical1y, and
also wi th various ne ritids (see text on Neritidae ,
above).

Although it is not possible to provide an un ambigu
ous ident ification of each species that occurs on Santo
given the confusion that exists in the literature, the
distinctness of these species has been con fi rmed by
molecular sequence data , and so me may prove to be
new species. Th e varia tion in shell form and colour
pattern that has prod uced this confusion is evident
parti cularly among indivi dua ls of Thiara scabra and
Stenomelania plicaria. Th is variation is mo re pro
nounced when comparing ind ividual s from different
islands , furt her confounding efforts to circumscribe
populations as belongin g to the same spec ies. Of

those species tha t can be positively iden tified , pub
lish ed records con firm that these are ind eed wide
spread species, occurring thro ughout the wes tern
Paci fic and Ind ian Oceans in Africa, Madagascar,
Ind ia, Sri Lan ka, Thailand , Java, Borne o, cont inen
tal sou theas t Asia, Sulawes i, the Philippines, the
Ryukyus of Japan , New Gui nea, no rth ern Aus tra lia ,
New Caledon ia, Vanuatu and many smaller tropi cal
islan ds of th e wes tern Pacific.

Ot her than th iarids and neritids , the sin gle most
abundant fresh water gast ropod species in San to is a
species of Physastra (Planorbidae) , which is fou nd
in taro fields, irriga tion ditches and slow streams.
The systema tics of South Pacific Physastra is in con
side rable need of revision and it is no t even known
whe ther the San to species - traditiona lly identi fied
as Physastra layardi- is endemic, na tive or int ro
duced. Springsnails in the family Tateidae [formerly
classified in Hydrobi idae] represent ano the r impor
tant cons tituen t of the aqua tic gas tropod fauna . The
gen us Fluviopupa has radiated throu ghout the Sou th
Pacific, from New Caledonia to the Aus tral Islands ,
and seven spec ies were collected during the San to
2006 expedition, all of them new to science and
endemic to the island. These tiny (less than 3 mm
high) gastro pods can be very abundant locally in
springs, forest streams and see pages, mostl y on
limestone subs tra te, and never in large rivers . One
sp ecies is pro bably exclusively stygobiont, i.e. it lives
in un derground aquifers . Mos t have very rest ricted
ranges, and their habit at can easily be damaged, e.g.
by catt le trampling.

Figure 311: Tiny Fluviopupa species are sometime s found in
large numbers on fallen leaves in seeps and springs. Here,
Fluviopupa espiritusantoana from a stream near Penaoru.
Scale bar: 3 mm .
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Louis Deharveng & Anne-Marie Sernah

With more than 1600 km2 of limes
tone terrain, i.e. nearly half of the
total area of the island, the karst of
Santo was an important target of the
Santo 2006 expedition. In a larger
context, Santo karst was an exci
ting objective in the Pacific for three
reasons. First, it has the largest extent
of karstified limestone in the region
after New Guinea. Second, it had
the least known subterranean fauna
among the large islands of the region
(Fig. 312). Third, basic sedimento
logical and archaeological data were
already available.

The goals of the karst team were to inventory as
completely as possible the biodiversity of karst
habitats, and to collate data regarding present and
past environments in order to better understand
the biodiversity patterns of the island.

Before sending a large team of scien tis ts to a
remote part of the world like Santo, the biodiver
sity potential of the area had to be evaluated, more
particularly in its most characteristic and hidden
component, i.e. cave fauna. Since literature about
regional biodiversity was very scarce, the project
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leaders funded two prospective expeditions in
2005, one focusing on caves and terrestrial cave
fauna, the other one on underground waters,
diving and aquatic fauna. Results were very pro
mising, so we rapidly set up the karst team for the
Big Trip of 2006.

The team in charge of the scientific study of
the Santo karst (Fig. 313) included 20 people
from Australia (1), France (2), New Caledonia
(3), Indonesia (1), Spain (2) and UK 0). Two
Ni-Vanuatu (Charley and Faustin) and Rufino
Pineda provided invaluable assistance in the field.
Altogether, we had a broad panel of scientific and
technical expertise covering human, physical and
historical aspects of the karst, as well as soil, cave
and aquatic karst invertebrates. A large network of
specialists were at least associated with our work,
providing addi tional taxonomic expertise.

\Ve operated in the field as three core teams, with
specific targets and investigation tools:

• A team of sedimentologists, palaeontologists
and archaeologists;
• A team of hydrobiologists, with the support
of experienced cave divers;
• A team of terrestrial biologists, with the sup
port of experienced cavers.

Palau 11+

INDONESIA

Federated States
of Micronesia 1

Papua

New Guinea

. Kiribati 0

Kiribati 0
Solomon Is 4+

AUSTRALIA

VANUA~
New·· '.

Caledonia 16+

Western
Samoa 5+

Fiji 5+ America n
Samoa 0

Niue 2+
Tonga 3+

Figure 312: Subterranean fauna of the western Pacific, state of the art before Santo 2006. The approximate number of cave-obligate
species is given for the main island-groups; + indicate records of additional not identified cave species.
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Figure 313: The Karst team.

Field work focused on the large limestone block of
eas tern Santo, with a flash-tr ip to Cape Cumberland.
'Ne mostly operated in one-day trips, made possible
by a relatively easy access to mos t parts of the karst.
Technically difficult caving and diving ex plorations
as well as remot e areas of the island required over
nigh t and sometimes an expedi tion of several days
(Figs 3 14 &. 315) .

The collected ma ter ial, i.e. bones, sed iments, an i
mals, water and soi l samples, was labelled , pro
cessed an d sorted at a gross level a t the end of
each tr ip, in the CETRAV building north eas t of
Luganville, our base camp (Fig. 316) .

Th e kars t team benefited from an unexpectedly
favourable weather in September 2006 , which
allow ed unin terr up ted ac tivities . After a month of
field work , more than 650 samples from cave, soil,
terrestrial and aquatic habitats as well as hundreds
of sediment, palaeontological and archa eological
remains had been obtained . A large part of this
ma teria l has been dispatched for stud y to specia
lists wo rldwide , and several pap ers have been
already pub lished , including new taxa amo ng cric
kets , springtails and Crustacea .

The kars t component of Santo 200 6 was a great suc 
cess. Soil and cave karst biodiversity of the island
cha nged from the least known to the best known of
the large Pacific islands. The reader will find in the
following pages a present at ion of the mai n results
obtained during this excep tional expedition.

. )

Figure 314: Boat is often the most efficient transportation to
reach many coastal areas.

Figure 315: "En route" for the Malo island caves, by truck.

Figure 316: In the lab of the base camp.
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Figure 317: Karst (yellow area) and caves (red dot s) of Santo.

topography has been interpreted as the initia l stage
of a cone and cockpit karst landscape related to
over-deepening of preexisting depressions on the for
mer lagoon Door. Numerous collapse features, many
of them with maximum depths exte nding to more
than 150 m below the Luganvi lle surface , are asso 
cia ted with the dolin es. Th ey are always associa ted
with abse nce of roo fing limeston es over underground
streams . On to pogra phica l argume nts , the related
subterranean river courses have been co nside red as
very young features, younge r than 60 ka BP Collapse
fea tur es are most pro no u nced in the areas whe re
streams from the volcanic basemen t ente r the limesto
nes. Along the tectonic lineaments the allogenic rivers
were provi ded with path s of easier and faster pene
tratio n and solu tion so that extensive underground
chan nels cou ld develop. On the isolated plateau s of
the Luganville Sur face west of Hog Harbour, north of
Port Olry and arou nd the Walroul Plateau, collap se
featur es are generally absent, while surficial solution
features are well develop ed , however.

o

Limestone facies accou nt for almos t
hal f of the surface of Santo Islan d. The
Papa tai limestone is the most ex tensive
area lly, cove ring c. 90% of the kars t
area eas t of a line drawn south from

the mouth of the Jourdan River (see Fig. 32 5B in
"Caves as Archives" by Wirrma nn and coau tho rs) . It
overlies the Tawoli calcarenite-calc ilu tite formati on s
(ra nging from middle Miocene to Pliocen e), and
forms wides pread plateaus in eas tern Santo as well
as iso lated plateau rem nants in the wes tern part of
the island (for example the coastal plateau in Cape
Cumberland) . The Papatai formation consists of
massive Pleis toce ne cora lline limestone, very porous ,
an d made up en tirely of high-magnesium calc ite: it is
an upli fted complex of coral terra ces and flat, coral 
line islands. The coral terraces related to glacio-eus
tatic sea-level changes during late Pleistocene and
Holo cene time are constantly uplifted above modern
sea- level (see "The late Quaternary reefs" by Cabioch
&. Taylor) . Th e pure Quaternary reef limeston es
comprise the East San to Plateau, its highest elevation
being at 348 m in the Butmas Plateau.

The oldes t Qua ternary limes tones, older than the last
interg lacial, prese nt a pro nou nced residual karst mor
phology with well developed conical hi lls. They for
med at former reef cres ts and along inter fluvial ridges
on tilted limeston e plateaus and terraces in the eastern
cent ral part of the island at Butmas Plateau , Mt Tanakar
and Mt Tiour i. The conical hills have developed along
the reef crests as the result of fluvial eros ion perpend i
cular to the crests rather than through pure dissolu tion
effect. On ly in a few locations, more particularly at
the northwestern end of Butmas Plateau , are conica l
hills associa ted with typical over-deepening of solu
tion dolines. The hills are most pronounced near the
local base level of the Sarakata River, suggestin g a
Iluvioka rs t morphology mainly related to erosional
processes. Karst is totally absent in Tertiary calcareni
tes, where fluvial erosional forms dominate the relief,
due to their high content of volcaniclastic impurities
which induces better mechanical strength.

The last interglacial terraces 030-115 ka Bp, Eemian
Stage [1 ka = 1000 years; years BP before 1950 ])
form a broad com pound terrace surface , terme d the
Luganville Sur face. Thi s formation exhibits a variety
of solutiona l topography: small solutional and shal
low depressions (do lines) and residual hills, without
large scale d issection into residual co nical hills. Th is
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The kars t forms on the uplifted Holocene coral reefs
corre spo nd to circu lar or elongated collapse dolines
of 4 to 6 m deep , so metimes extensive like at Hog
Harb or and further north along the east coast and
sou th of Mt Tome bou (See Fig. 325B in "Caves as
Archives" by Wirrmann and coauthors). Most of
them occ ur within a kilometre-wide strip paralle l to
th e coastline . The ir development has been related to

areas whe re subterran ean wa ter reaches the piezo
metri c surface near the present coast. Nevertheless ,
more espec ially betw een Mt Tomebou and Wambu
River, o the r depressions, whi ch are not related to
collap se over underground streams, are also obser
ved on th is Holocen e surface. Their origin probably
re flects "prema ture" emergence of incomplete reef
development, rath er than a unique solution pro 
cesses like that of th e Luganville surface. Rapid

tectonic uplift and a rising Holocene sea-level must
have result ed in mainly vertical growth , which has
overto pped a former and older submerged reef,
explaining how the extensive Holocene reef surface
cou ld have formed in su ch a short tim e.

This br ief overview based on published wor ks
shows th at , in co mbina tion with a perhurnid tro
pical climat e, th e karst relief on the Quaternary
lim est on es o f San to is the result of Iacies-con trol
led lithology and purity of parent materi al (lac k of
kars t feature on th e Tert iary calcareni te formation ),
tectoni c co nditions ( the linear topographical fea
tures defin ing preferential paths for vertical and
la tera l soluti on ) , influence of soil and plant cover
(the deeper the soil , the stronger the dissolutional
process) and Quate rn ary sea-level changes.

THE CAVER PERSPECTIVE
For cavers, the Santo karst is first a huge and com 
pact block of limestone, 60 km long by 25 km wide
(Fig. 317) , i.e. one of the largest karst blocks in the
Pacific. The few outlying islands and small outcrops
in the North and the West of the main island have
much less speleological potential. Elevation is mod e
rate (784 m at the highest point, Mt Tanakar) and
undulating terrain is the dominant landscape, with
few large dolines and rare cliffs except along the
coast. The arche typical features of tropical karsts,
pinna cles or steep karst towers, are absent in Santo.
Neverthe less, the kars t is amazingly rich in other kars t
features, includin g caves, deep dolines and large coas
tal springs, enough to be very attractive for cavers.

Finding cave s in Vanuatu ca n only be done in
tight connecti on wit h local people. Not only th e
lush vegeta tion (Fig. 318) and absence of promi
nent landscape features would make direct pros
pecti on lon g and un certain , but also permission
is mandatory for underground acc ess , from th e
ow ne r of th e cave en tra nce and the tribal ch ief of
th e area w he re it is locat ed . Local gu ides also are
necess ary to reach th e ent rances , and you ng (and
less yo ung) vill agers often en th usias tically accom
pa ny the cavers in to the darkness. At least , in
man y cases , sleeping in th e villages is the best way
to op timize th e time sp ent underground -and is
an unforgettabl e ex pe rien ce.

HISTORY OF EXPLORATION
The firs t cave ex plo ra tions on San to were done
by Australian d ivers in search of sumps to dive
0996-2000 ) . They surveyed the large system Mt
Hop e-Sarak ata resurgen ce (with a to tal horizontal
deve lop me n t of abou t 3400 m), and made the first
trip to th e Patunar gian t doline. Th ese pioneer
ex plora tions we re publish ed in di ving journals ,
and remain little known amo ng cavers.

In August 2005, j osian e and Bernard Lips an d
Rufino Pin eda , u nde rtook a preliminary tri p to

San to , searching for biologicall y Significant caves in
th e islan d in order to evaluate how much emphasis
sh ou ld be placed on subterranean biology for the
2006 expedition . The results were beyond expecta
tion, with 54 karstic features located (mostly caves)
and 5 886 m of underground passages mapped. The
most obviou s biolo gical features observed were the
omnipresence o f ba ts , often in large colonies , and
th e freq ue n t occ urrence of swiftlets , in association

wi th large gua no piles support ing abundant animal
co mmunitie s in nu merou s caves .

A second preliminary reconn aissance targeting subter
ranean water habi tats was made from 17 October to 13
November 2005 by Franck Brei-tier, with three objec ti
ves: diving some inland caves to detect their richn ess in
subterranean species; exploring karstic areas not seen by
the preliminary reconna issance, specially the north ern
cape of the island; searching for anchialine habitats and
fauna. In total, Franck explored 30 karstic features, of
which 10 potential anchialine habitats, 2000 m cave
passages were recognized, and five caves were dived.
Aquatic fauna was present in most caves, and in several
sites pottery as well as human bones were observed.

Based on these promising results, we set up a strong
team of skilled cavers and divers to continue the
exp lora tion and mapping of the cave systems of the
island , and to assist the biologists in the field .
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Figure 318: Cave and shah entrances.
A: Lavav Aven near Port Olry. B: Avorani shah on Malo. C: Bottom of Patunar dolin e. D: Patunar resurgence. E: Fapon Cave.
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Figure 319: Passing a "voute mouillante" in Fioha Aven.

MAIN RESULTS

The 2006 expedi tion allowed us to push explora 
tion and mapping of the caves recogni zed in 2005,
bu t also to discover 28 additional caves or kars tic
features. In one month , 13 961 m of subterranean
passages were explore d , of which 7961 m were
mapped . Eigh ty-six subterra nea n kars tic features
are recogn ized tod ay on Santo: 10 blu e holes, 41
caves less than 50 m length, 15 caves from 50 to
100 m, 21 more than 100 m , 12 more than 500 m
and five more than 1 km long . With more than
19 km of explored underground passages in tota l,
Santo is the richest of the Pacific islands in number
of caves an d length of explored pass ages -outs ide
New Guinea.

not mapped);
• Riorua Cave (length: 400 m) ;
• Tchawak Cave (length: 58 m);
• Patuna r res urgence and doline (length :
742 m ) .

The to tal known passages of the Funafus sys tem
reach 7662 m, i.e. more than 1/3 of the total length
of su bterranea n passages curren tly known from the
island . The Patunar doline is probably the most
impressive kars t surface feature of Santo: it is a
large depressio n with subvertical cliffs on three
sides , 100 m deep and 100- 150 m in diameter. In

sump

Figure 320 : The Funafus system (Funafus-Santo-Vanuatu, Santa 2006 expeditio n) .
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• •• The Funafus system
(Fig. 320)

The largest subterranean system
of San to explored so far is located
near the village of Funafus, between
100 and 250 m of altitude, in the
so uthe rn part of the Santo karst.
Six caves, awaiting interconnection ,
belong to this com plex:

• Amon t Cave (length: 259 m
northwestern part of the system ,
not represent ed on the ma p);
• Kafae Aven (leng th: 3702 m);
• Strea msink an d Tarius Caves
(le ng th : 2 139 m mapped + 380 m

In lowlands, most caves were dry
en trances and did not give access to
und erground s treams, with the noti
ceable exce p tion of the anchialine
Loren Cave (see "Focus on Loren
cave") . Even th e spe ctacular blue
holes did not open onto significant
und erground passages.

Th e mos t inte res ting cave sys tems
of th e island were di scovered in
two upland areas : the Funafus area ,
which gave access to the largest caves
of Santo , and the Butmas region ,
the mos t pro mising area, which was
the most intensive ly s tudied biolo
gically.
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Figure 321: Underground exploration.
A, B: Underground river in large passages of the Kafae Aven. C: Descent in Kafae Aven. D: Am arur Cave. E: Fapon Cave.
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Figure 322: Underground exploratio n.
A: Kafae Aven, clay formation. B: Calcite form ation deposited by a littl e inlet in Kafae Aven. C & D: Stalactites in Fapon Cave.
E: Stalactites and stalagmites in Fapon Cave. F: Amarur Cave, large fossil clam (Tridacna spp.).

. 274



Table 30: Longest (more than 300 m) and deepest (more than 25 m) caves of Santa and Malo Islands.

Name of the caves length in m depth in m explored by
Kafae Aven (Funafus) (Figs 321A-C& 322A-B)

------
Tarius Aven (Funafus)

Fapon Cave (Butmas) (Figs 318E, 321E& 322C-E)

Sarakata resurgence (Fanafo)
-- ---

Loren Cave (Lotoror)

Mt Hope System: Fifty Four, Champagne Hole, Pump Sink,
Three Way Sink, Three sisters, Tourist Blue Hole (Fanafo)

3702

2 139

1400

1200

1013

900

-77

-90

-44

-30

-40

-54

ante 1006

Santo 2006

Santa 2006

Australians (Hams 2006)

Santo 2006

Ausn lian (Hell is 2006)

Amarur Cave (Nambel) (Figs 321D& 322F)
----

Mt Hope System: Drinking Hole, Clam Shell (Fanafo)
- - -
Patunar resurgence and Doline (Funafus) (Figs 318C-D)

Fioha Cave (Belmol) (Fig. 319)

Wanror (Butmas)
- --

Mt. Hope System: Bush Rope Hole (Fanafo)
- --

Millenium Cave (Nambel)

Riorua Cave (Funafu s)

Mba Aven (Butmas)
--- -
Vobananadi shaft (Malo: Avorani) (Fig. 318B)

Lavav Aven (Loran) (Fig. 31 8A)

Tchawak Cave (Funafus)

874

800

791

550

525

00

432

400

387

209

60

58

-21

-67

-106

-29

-40

-36

-41

-25

-59

-87

-31

-31

the Kafae and Tarius shafts , the lon gest caves of
San to recognized at this time, passages may reach
up to 15 m wide by 15 m high with hu ge under
grou nd s treams . In several leads , explora tion stop
ped simply by lack of tim e, or on big su mps (the re
were about ten , all of them easily divable) . The
different parts of the sys tem are likely int erconnec
ted by underwater passages, so future exploration
is now in the hands of divers, and pro bably would
encompass more than 10 km of passages given the
number of galleries ru nning in parallel.

• •• Butmas: Fapon Cave and
Mba Aven (Figs 323 & 324)

Th e village of Butrnas is set in the middle of San to
in the jungle near the western border of the kars t
and at the foot of Mt Tanakar. This area is over
grow n with dense secondary fores t and tangled
vegeta tion , and is the wettes t of Santo. Several
biological surveys were mad e in the larges t cave of
the area (Fapon Cave) , whic h turn ed ou t to ho st a
rich and original fauna in its dark passages as well
as in its deep dolines which open on the course of
the subterranean stre am.

The upstream entra nce of Fapon Cave is a nar
row passage , wh ere a sma ll stream sin ks among
blocks . Th e subsequent galler ies are mo de rate
in size , some well decorat ed , and connec t three
success ive d eep dolin es . Seve ra l passages are

27~

aqua tic: the last one , down st ream of the third
doline gives on to a sha llow sum p 42 m-long. It
was dived during the last field trip of the di ving
team and gave access to a much larger and very
di fferent passage, with a big river running nor
thward , perpen dicul ar to the firs t part of the cave,
i.e. towa rds the lou rdain valley. In terestingly there
were bats Dyin g in this post-sump gallery indica
ting that an other dir ect access exis ts to this part
of the cave . Alon e for this diving, Nadir Lasson
had to turn back by lack of tim e after 400 m of
easy walk , after observing huge continuations
ups tream and downstream .

The same day, in the Mba Aven, ano the r team
of cavers got access to ano ther large river whe re
explora tion stopped upstream on a waterfall , and
downstream on a winding, low ceiling passage.

These last -day discoveries of maj or u nderground
coll ectors highlight ed th e Butmas area as th e
most pro mising site for fu ture explorations in the
Santo karst . Indeed, findin g such big underground
streams sugges ts tha t a huge network of hydrolo
gical passages are developed in the three or four
hundred m eters thick lim estone terrain above
Butrnas . The potential is even h igher downstream ,
with suspected water resu rgences at the coasta l
blu e holes , several k ilo rne ters away and more tha n
300 m below).
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Figure 323: Fapon Cave (Butmas-Santo-Vanuatu, Santo 2006 expedition).
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Figure 324: Mba Aven (Butrnas-Santo-Vanuatu, Santo 2006 expedition).

THE FUTURE OF CAVE EXPLORATION IN SANTO

One of the important and unexpected finding
of Santo 2006 has been the existence of a well
organized underground drainage, with very large
underground passages in spite of the relative recen
tness of the karstification (younger than the Upper
Miocene). Kilorneters of beautiful galleries have
already been recognized, but they clearly represent

only a small part of wha t exists in the heart of the
limestone, both in terms of length and depth of the
karstic features. Furthermore, we have no idea of
the hydrological course of the largest su bterranean
rivers discovered in Butmas: these questions are the
exciting challenge that Santo 2006 has raised for
future expeditions.
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Hereafter we will present a few exa m
ples of the archives which we have
retrieved in di fferen t sites (caves, rock
sh elters and dolines) from the limes
tones realm of Santa (Fig. 325 ) .

The caves from a karst system play a very impor
tant role as sedimentary archives, because they are
the place of very large sed imentation , and accumu
late various kinds of depos its , like clastic fragme nts
in associa tion with calc ite secondary precipi tates

A: The Pleistocene coral reef
limestones of Santo,
& the main prospected sites

B: East Santo plateau:
physiographic provinces and terraces levels

Cape Cumber/and

Limestones older than last Interglacial

a - with residual hills

b - dendritic streams disection

Luganville Surface (Last Interglacial, ..
130 000-115 000 years)

dolines + nascent cone karst

Wisconsin Interstadial reefs ..
minor karst development

Holocene reef plateforms 11
collapse and solution dolines L---l

Queiros
Peninsula

BIG BAY

Araki

Lath;
Island

o 5km

Figure 325: The main prospected sites (A) and (B) detailed geological pattern of the karst of Santa, redrawn by D. Wirmann after
Strecker et al. ( 1987) .



and othe r chemica l and/or organic debr is. Due to
their na tura l enviro nmen t (absence of ligh t, difficult
access ) the caves tend to be preserve d from degrada
tion and aerial erosion. Morever, their deep interiors
remai n mostly stable in temperature and atmosphe
ric composition, represen ting often particularly rich
und isturbed sites. They represent protected reposi to
ries amongst the other continental environments and
preserve a large spans of time medium for palaeoen
vironmental studies. They are also very valuable for
archaeological research, the caves or assimilated struc
tures having frequently played and playing still a role

The Natural History of Santo

of shel ters, accomoda tions or habitats. Tha t is why,
for examp le, human artefacts are often very common
into cave en trances and rock shelte r deposits (burials,
rock drawings , cave paintings , po tsherds, ete.) and in
a lesser exten t in cave in ter ior deposits.

One can ascerta in that all the clastic, organic or preci
pitated sediments formed within a cave or the deposits
transported in to it , will allow a multiproxy study of the
karst enviro nmen tal fluctuations, whi ch will encom
pass hydrogeology, geology (e.g. palaeos eismology) ,
climatology, biodiversity and human palaeontology.

ST. LAGMITES

A few stalagmites an d stalac ti tes from the Fapon
Cave (Butmas Plat eau) have been sampled during
a three-month field trip (Sernah and Wirrmann

View on the stalagmite before sampling

in 2005 ) before the San to 2006 expedi tion. Their
study is in course an d their da ting by Therma l
Io nisation Mass Spec trome try (TlMS , U-series

View on th e stalagmite

View on the longitudinal section of the stalagm ite Number of layers per mm along the growth axis
024 6--' -- - '-r--- ' . ".._ - ,.. ....•._-_ _ -, .

Figure 326 : The FAPl stalagmite.

8, 10
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Figure 327: Example of grains of pollen from Santo sediments. A-B: Merremio pe/toto (Convolvulaceae), the invasive creeper
(diameter size 60 urn). C: Borringtonia novae hibernioe (Lecythidaceae), endemic to the Vanuatu Archipelago (size 54 x 45 urn) .
(Photos A.-M. Sernah).

methods) will provide th e basis for the respective
relative age models .

Petrographic thin secti ons were prepared all along
the stalagmites growth ax is, in order to analyze th e
carbonate fabrics and the lami nae under an optical
polarizing microscope. En larged phot ographs of
the th in sections were also used as analy tical aid
for minera logica l fabr ic observa tion and laminae
coun tin g. Alon g its gro wth axis th e FAP1 sample
(Fig. 326) , a stalagmite of 9 cm length , shows
many layers with distinct ive widths and colors: th e
fluctuation of th eir number per milli rneter illu stra
tes the variation of th e feeding co nd itions during
th e time of grow th, in relati on with the available
dissolved calcite and wa ter at th e origin of the pre
cipitation of seco nda ry calcite in to the cave.

The study ofpo llen , the reproductive male cell (mean
size about 30 urn) from sperrnatophy tes (flower
plants) , is a valuable bio-rnarker used in "classical"
sedimentology since the 1950s for envi ronme nta l
reconstitution. As each plant spec ies is cha rac teri
zed by a specific grain of pollen , the reconsti tution
of a palynological spectr a and its variations during

the time will in turn allow the reconstitution of the
climate. Nevertheless, it is only from the 1970s that
it has been used for such a purpose in stalagm ites,
fl ows tone and spring travertine. Usually, the dedu 
ced representation of the contemporary vegeta tion
of th e de posi t does not correspo nd solely to th e
true live picture. It will privilege for example th e
local vegetation at the expense of the regional on e,
kn owin g that the sedimentation of the pollen may
be more or less hampered by the wind circulation,
or by change in aquifer plumbing, or by the perco
lating sys tem over the cave and/or transformed by
allogenic con tribu tions (an th ropic ac tivities) .

It will be particularl y int eresting to analyse the
samples retri eved in San to (speleotherns, do lines
and caves fillings ) for precising th e apparitio n of
th e alien Merremia peItata (Conv olvulaceae), thi s
in vasiv e creeper which alters th e structure and
functioning of the insular ecosystem and about
whi ch we have no data for it first introdu ction in
Vanuatu. It will be important too, to understand the
distribu tion in stratigraphy of some endemic (novae
hiberniae) vs pandemic (asiatlca) species in th e
Barringtonia genus, for instance (Figs 327 &' 328).

CAVE FILLINGS

Beta 96570

Sample n°
(Lab. Miami. USA)

In almost all the twen ty caves and roc k she lters
whe have prospected (Lori, Luri, Lonepre and
several sites from Cape Cum berla nd, Fig. 325A),
the artefact rich levels Iy often under a more or less
thick supe rficial ba ts or swiftle ts gua no layer.

We have put at th e day an th ropic levels . These
levels , still not dated but probably rece nt according
to th eir stratigraphical position , conta ined airfall
tephras, cha rcoa ls, ceramic
potsherds and tin y animal
bon es remain s. Besid e th ese
sites , a few other places co r

responded to burial caves, Beta 97558
rich in human remai ns and

pig canines (the well known "tus ks " of Vanu atu) as
buria l acco mpaniments. In all th ese pla ces we have
sampled su perficial and deeper sediments in order
to analyse th eir poll en con ten t.

••• Th e North Cumberl and ar ea
The karst environment of the Cape Cumberland
area has been for many cen tur ies an important

Table 31: Datings of Hokua shelters (after Galipaud, 1997).

( ncO/DO VS Conventional Age BP
standard Pee Dee Belemnite

·27.4 1110 ± 80

-25.3 340 ± 60



population cen ter for the wes t coast controlling the
excha nges with the Ban ks islands to the Nort h- East.
This is a very active env ironment with one of the
bigger u plift rate in San to , between 2.1 and 5.5 mmJ
year. Several caves with imp ortant an thro pic levels
hav e been previ ously surveyed nea r the actual
village of Hokua . Datings of stone ovens (Table 31)

View from the rim of the dolin e.

View on the hillside.

Bottom of the doli ne.
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in two shelters near the ir rigated tara gardens of
Hokua hav e allowed to attest an occupation of this
a rea during the last 1000 years .

Several new shel ters revealing furt her h uman acti 
vities in th e area have been localized duri ng th e
Santo 2006 exped ition .

The mo st surprising and unexp ected discovery was
of a burial site well hidden in a very small cavity, par
tially bloc ked by accum ulated ra cks near the ancien t
village of Salea 04°40421' S; 166°37.202'E). Th e site
was arbitrary named "Abri aux dents de cochons" .

In th is cavity we discovered human bones Irorn mo re
than three individ uals , in association with a child
sku11 (younge r than ten years) , suidaes teeth (22
tusks) and maxilla , and pottery pieces (Figs 329 &
33 0). Th e si te is probably the tom b of a man of high
ran k as att est ed by the number of well developped
pig tusks. A deca yed piece of woven cotton as well as
the relatively well preserved pig tusk suggested that
the burial was not of grea t an tiqui ty. Half of an open
bowl with red slip further confirmed a inhumation
dur ing the last millenium . We took a pig molar for
datings and su bm itted the sa mple to the Waika to
lab oratory (New Zealand ) Th e resu lt, (Sample n°
Wk 20296, C14 Age BP = 209 ± 10 , modern activi ty
= 97 .6%) ind icates that this inhumation da tes to th e
last phase of the San to prehistory, between the 17th
and the 19th century.

In the sa me area, the "Abr i Palatin " 04°40.178 'S;
166° 374 07' E) incl udes thre e adjoin ing cha mbers

A 65 cm deep borehole sampled in the doline bottom.

Figure 328: Example of a doli ne, the doline of Arifos.



Caves and Soils

Figure 329 : View on hum an bones and tusks in "Abri aux den ts
de cochons".

con taining human bones (Fig. 331). In the righ t
chamber, more than fIve individuals were discovered ,
while on the left side, there was onl y one post cranial
skeleton rema ins assoc iated wi th two potsherds.

Th e third cavity contained another skeleton and
fauna l remains plu s charcoals . In sev eral other
sh elters from the same area , blocked chambe rs or
scattered human bones su gges t that such buria l
practi ces were frequent in the region dur ing the
second mill enium. No su ch practices had been
evid enced in San to prior to th is survey.

Further west along th e same area, a dr y cave named
Malaos titir in the local language (14° 39 .673' 5;
166°37.291'E; Figs 33 2 & 333) , revealed traces of
red an d black drawings part ly covered by calcite.
Fragmen ts o f pottery wit h red slip on the sur
face sugges t an occupa tion at the same period as
the previously described burial si tes . the d rawings
whi ch are difficult to see correspond to geome trical
forms of squ ares and crosses .

••• The Cape Quiros area
Th is region enc ompass a well dev eloped under
gro und karst system. We will focuse here on one of
its largest cavity, th e Lonepre Cave (14°59 .227'5 ;
166° 591 60' E) Fallen rocks block partly its
entrance, wich is orient ed north-wes t sou th-east
an d makes a porch which op ens in th e first coas tal
cres t over the Iorested littoral belt. A surv ey in
thi s shelte r made by J.-c. Galipaud and R. Pineda
in late 2005 , following its discovery by F Brehier
on 4 November 2005 uncovered large pie ces of
red-sl ip pottery und er a th e large an d small co ral
blocks scattered on the surface. A on e square mete r

Figure 330 : Fragment of a red slipped bow l, "Abri aux den ts
de cochons".

pit near the back wall of the shelter, revealed a
homogeno us dark clayish sediment with scatters
of charcoal s .

In 2006, a one square metre pit , reaching 60 cm
depth , has been done in the midd le of the entry. No
well marked stra tigraphy is observed. Nevertheless,
different remain s have been collected according to
the dep th of sampling: between 20 and 40 cm man y
mo llusks fragments are present, the following level
40-45 cm is very rich in microcharcoals and below
the sediment becomes dustier, ash-like and sterile.
After 50 cm there are again nu merou s microcharcoals

Figure 331: Human remains in "Abri Palatin".
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fallen blocks

SECTION A

Figure 332: Sketch of The Malaostitir Cave. (15/09/ 2006 , redrawn by D. Wirrmann
after Lips & Lips, 2007)

Figure 333 : The Malaostit ir Cave. Cave entry.

and fallen calcareous blocks apparead from 60 cm
depth. As the time allowed to this field trip was
end ed , we sto pped the excavation and filled it with
calcareous blocks and bra nches to protect it and to be

able to excava te again easily in a nex t future. A total
of 51 potsherds, 20 charcoals, twornicrofaunal bone
fragm en ts and seven mollu sks has been co llected in
th is excavation .

CONCLUSION

Many sma ll caves were discov ered duri ng two pre 
liminary reco nnaissance tr ips un de rtake n in 2005 .
After furth er deep explora tions and sum p di ving
during the exped ition itself, seve ral of these caves
subsequently turned out to be very large indeed. The
longest of San to , the Fun afu system , develops several
kilorneters of underground passages, and exp loration
is far from being comple ted . Another surprise came
at the end of our stay, when we discovered huge su b
terranean ga lleries with big underground river nea r
Butmas. Today, Santo has becom e the mos t pro mi
sing karst in the Pacific islands outs ide New Guinea
for the exp lor ation of large u ndergro und systems.

The twe n ty rock sh elte rs or caves sam pled in the
karstic zo ne of Cape Cumberland, Cap e Quiros ,
east coas t and Aore Island provid ed p len ty o f
archaeolog ica l and palaeontological rest s. Megap od
b irds , th ou ght to have possibly ex isted in Santo,
as in New Cale donia , were searched for, but no
remains were found. On the other hand , we fou nd ,
at almos t every site, layers with ceramics (more
than 1 000 years old), fire marks, som etim es too ls
and fossil rema ins (more tha n two species of ra ttus,
birds , bats and lizards) . Human bones were a lso

discovered , so met imes associated with jaws and
ca nines ( tusks) of Su idae (pig family) , indica tin g
the importan ce o f bu rial in th ese she lters .

In formation ext rac ted fro m the Santo ka rs t is
exci ti ng in several res pects. After a mo nth of
int ensive sampling, Santa has becom e the bes t
k now n isla nd of the Pacific for cave and soi l
fau na . By the size of its kars t, th e easy access to
its sub te rra nea n hab itat s , and th e rela tive ly low
di stu rban ce an d h igh richness of its soils, Santa is
a model island lor tes ting key questio ns abou t the
origin and evolution of biodiversity, well beyond
its regional interest.

The use o f multi-proxy s tud ies o f speleot herns ,
inv ol ving co mbina tions of geoche mis try (iso topes
and traces eleme nts) , mineralogy and pa lynology,
integrated wi th parallel proxy mate rials lro m the
same region (lake or swa mps sediments , dolines
fillin gs , co ral cores, arch aeology) will provi de very
useful data for identifying process con trols an d for
work ing out the mechanisms of clima te cha nge
and the exac t timing of connec tions between cli
mat e and enviro nme n ta l cha nges.



The permeability of the borders between the human
and spiritual worlds, the danger it represents for
humanity and the role allotted to the spirit beings
explain the extraordinary overlap between the phe
nomenological world and the spiritual one.

Understanding this unique conception of the world
was crucial to our study because, as we shall see,
it governs and gives meaning to the karstic lands
cape representations and the activities of the local
populations.

ral phenomena. Finally, all hold the power to harm
humans (by illness or death) if they fail to fulfil
their obligations to them. The Ni-Vanuatu are there
fore forced to maintain a certain relational harmony
by practising rituals, sacrifices and offerings or by
observing many taboos toward the spirit, living
beings or spaces in which they are custodians.

This perception does not mean, of course, that the
thoughts of the Ni-Vanuatu are unclear. As a demons
tration, if necessary, their taxonomy of the fauna and
flora that we studied corresponds, with few excep
tions, to Linnean species (see "Ni-Vanuatu percep
tions and attitudes vis avis biodiversity"). It Simply
reflects the fact that local cosmologies do not erect a
border between human and non-human beings.

Florence Brunois

One of the many objectives of the
cross-module "Perception Plurielle of
Biodiversity" was to study the percep
tion that the Ni-Vanuatu population
has of the Santo karstic landscape,
especially dry or drowned caves,
avens, do lines and resurgences. Our
intention was to document the local
representations and practices related
to these typical karstic features, as
well as local knowledge of their fauna
and flora. Conducted in parallel with
the "Karst module" of the expedition,
our investigation lasted three weeks
and ranged across the territories of
six communities. Thanks to the pre
cious contribution of "field workers"
-deSignated by the communities
or their leaders themselves- the

results highlight a kind of cultural constancy.
Uninhabited by humans or inhospitable for man,
almost all caves and cavities, are instead inhabited
by spirits, guardians of places and holders of its
inhabitants (swifts, bats, eels, etc.). This spiritual
occupation confers on the cavities a sacred cha
racter that naturally has some impact on the way
human populations apprehend them and act inside
these particular environments.

Perception and Attitudes Vis-a-Visa the Karstic Environment
o
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• • • The perception of the
karstic environment

To clarify the logic governing the local perception
of karstic environments and the impact it would
exert on practices and knowledge associated to
them, we first had to study the local conception
of the world in order to appreciate the exact place
that karstic environment occupies within it.

••• The Ni-Vanuatu conception of the World
As described in detail in the chapter "Ni-Vanuatu
perceptions and attitudes vis a vis biodiversity",
our study revealed the tremendous complexity of
the daily world of Ni-Vanuatu people. Although
converted to Christianity, all communities encoun
tered maintain their traditional cosmologies. Beside
the Christian God, the Ni-Vanuatu allow the eo
presence of several categories of spirits whose iden
tities may vary from one community to another:
spirits of ancestors, spirits of the clan and spirits
investing certain areas or species (animal and flo
ral). However, as diverse as they are, all these enti
ties have in common the power to materialize in
living beings and express themselves through natu-

••• The place of the karstic environment
in the Ni-Vanuatu world: myths and realities

With knowledge of the local cosmologies and
their application, we analyse how the karstic
landscape and its inhabitants form part of this
very complex world. This research has led to an
examination of the mythological corpus of local
populations in order to detect whether the karstic
environment enjoyed a special treatment in the
Ni-Vanuatu imagination and, if so, the reasons for
such a privilege.

Our study has helped to show how karstic features
like mountains and marine landscapes do not leave
local people indifferent. Quite the contrary is the
case: whether they are dried or drowned, followed
or not by a resurgence, located on the coast or in the
green mountains, all karstic caves visited or identi
fied are the subject of a myth recounting their origin
or their properties and their remarkable owners.

• From their human origin ...
The mechanisms underlying the formation ofkarstic
landscapes are similar in all myths listed. It is people
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Figure 334 : An eel captured close to the cave. A fabul ous
animal, half snake, half fish returning groundwater, feeding
in the creeks only to disappear again in the deep caves. A
fabul ous representative of spirit s Masters of the caves.

who are at the roo t of their forma tion or, more preci
sely, it is their su bsistence activities - hunting, gar
den ing and fishing- tha t cause a sudden co llapse
of wa lls, the creat ion of a s haft or a dea dly rush of
water. T he landsca pe is abr u ptly and fundamenta lly
altered - the birth of a cave, an abyss, or a bay (tha t
of Matantas) - by the act ions of humans , who meta
morp hose themselves into an eel, snake or rock and
are invested these new places (Fig. 334) .

The San to mythology th us focuses on the formi
dable geological instabil ity go vern ing the kars
tic land scape and wards off mortal dangers that
hu mans face wh en carrying out even the most
ordinary daily activi ties .

Subject to unexpected metam orphosis, th ese places
ca n only be in hab ited by excep tiona l beings - th e
spiri ts- th at are able to meta morphose themselves
to survive ero sion .

• . . .To their sp ir itual occ upation
This close association between the karsti c and spiri
tual world is found in the whole myth ological corpus
studied . But, as mythi cal as it is , this assoc iation
is still seen as real by the Ni-Van uat u int erviewed.
All cavi ties, without exception, are known to be
occupied by an exceptional being, often irasci ble
and in all cases with the power to kill men, even all
humanit y. On the island of Aore, it is the spir it of an
ance stor named "toy " tha t reigns in the cave called
"toy house" in the form of a snake that is some times
red , some times gree n . At Okwa , the cave pap low ship
is inhabited by the sp irit "rnata", mother of snakes,
while the cave tasipo is guarded by the spiri t "to
usus" . Taking the form of a stone, "to usus" is res
ponsible for guiding spir its of the recent dead along
the pa th they mu st take to en ter the antru m land . At
Buimas, it is the spiri t "soso l", capab le of turning int o
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birds or eel, tha t occ upies the drowned cave totororo,
while in Fioanurnu and Batuna rr cavities, it is the
sp irits of h umans (who led to their own creation) ,
which occupy these places in the form of a snake
and eel. Masters of karsti c places, these spirits are
also commonly regard ed as the guardians of white
bellied swif ts and bats (Miniopterus sp.), who live
"in good in telligence" in their hom e. Ind eed , these
two species not only share the cave depending on its
depth and darkness, but also the y adj ust the timing of
the ir activities to eo-protect their respective offspring .
This "over-protected" karsti c wildlife is not the re
fore characterized by its formidable species diversi ty.
However, it is distinctive 101' its high popul ation
densities wh ich is a sign , for the local people, 01
the formidable fertility associated with these places.
Wa ter dri pp ing stalactites betrays this: assimilated
with breast-mil k, the bats from Okwa come in the
cave just to "suck " the concretions, while at Aore,
where the water is regarded as semen, it fatten s pigs .

• • • Apprehension, practices
and knowledge related
to the karstic features

The stu dy of the Ni-Vanuatus mo des of comp re
hension , ac tivities and knowledge related to the
karstic environmen t formed the second part of our
research . Our aim was not to ra ise limited uses
that draw local po pu lations to th is environment ,
but rather to clarify the ir percep tion of the ka rs tic
lan dscape and under st an d how thi s or igina l per
ception might have an impac t on the activities of
loca l people and on their knowledg e.

••• Att itu des observed and
to be obs erved on en ter ing a cave

Observed or ora lly descr ibed , attitud es u nderlying
the en ter ing of a cave are un de r a code of co nd uct
that is very rigorous and of ten similar in all com
mu nities . Broadly speaking, entering a cave aro uses
strong apprehension, with some individuals even
refusing to enter. This emotion makes sense in light
of their rep resentations , but also in terms of the

'..~,::.I. .

Figure 335: Scientists in discussion wi th village leaders to
obtain perm ission to descend int o the caves without creating
damage or disruptin g the masters of the place.
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traditional code gov erning access to caves . Fi rst ,
if the en tranc e to a cave is no t simply for bidd en ,
not all humans necessarily have th e rig h t to access
it (Fig 335) . This case co nce rn s all men strua tin g
women from Bu trnas , Aore, Pa tuna and Fio anumu ,

8 - This law explains bu t als o a ll Io reig ner s f a t all sites.
why, at Butmas, leaders Violation o f th at rule would lead to the
bring chicken and meat
as offerings to the spirit collaps e of the cave in th e first case and
of the caves, with the a dead ly flood in th e seco nd . In fact ,
aim la protect ing the on ly m en who are ind igenous to th e
life of the "Kars team".

te rr ito ry in wh ich th e caves are situa-
ted have the righ t to access them , bu t aga in only
under ce rta in co nditions . For a ll th e co m mu n ities,
it is thus ne cessary to ca ll up th e spirits pr esent in
order to inform of th em o f on e's ar rival At Bu tmas ,
men must remain silent or use anoth er language in
its app roach and p resent offerings of mea t at the
en tra nce o f the cave , If the y do not ob served thi s
rules th ey face the ri sk of provok ing the a nge r o f th e
spirits , whi ch could have fatal consequ ences

• Activities wi thi n th e caves
Un like the rock cavities in wh ich po p u latio ns of
Okwa and Vate freel y shel ter or stay with their
family dur ing huntin g parties , fish ing or gardening,
activi ties with in th e caves are mo re cod ified , so m e
times eve n ritualiz ed . During our investiga tion, we
found four activi ties tradi tio na lly performed with in
these karstic en vironm en ts :

• The Hunt
All communi ties hunt swifts and bats in caves once
or twice a yea r. At Aore and Fioan umu , hunting
swifts is perfo rmed exclusively befo re the celebration
of the closing mourning ceremony: the mea t of th ese

9 - This ceremony. whi ch birds? is the main dish , offered to guests
serves to definitive ly in a baske t manufac tured so lely for thi s
separate the dead spirit
from the living human purpose. However, wha tever their moti-
community, use this va tioris are , th ese predato ry ac tivities are
bird because of its black s ubject to cert ain conditions . For exa m
and whi te feathers,
colours that symbo lize p le, at Fi oanurnu the Chief m ust precede
death and life. the ot her hu nt ers or else risk the death

of his compa nions . At Butm as , women are prohib i
ted from visi ting gardens during th e h untin g party:
otherw-ise plan ts would rot im m ediately. The hunting
techniques are also varied . Illuminated by a torch of
bamboo, men can use a spear, a s tone or just their
hands. In O kwa, hun ters tak e ca re to cove r th ei r ar ms
an d th eir hands with an anoin tme n t of a m agical
plant to ensure the cap ture of prey; some sing ball ads
to attract birds. But all the se hunters resp ect the sam e
manda to ry law: nev er ove rk ill th e populati on of ani 
mals , else the who le comm un ity w ill d ie.

• Th e oracles
A world between two wo rlds , caves are the pre
ferr ed pl ace to prac tice oracles . Th is is th e case at
Okwa and Bu trnas , w he re, fo llowing a d ream , a man
will go in th e cave wi th wo od and the heart of a
pig to id entify the sorcerer trying to ca n n ibalise his
soul or that of his loved one On th e island of Ac re ,

before going to war, no m en would ever fail to se ek
advice from the Toy sp iri t. If the snake in terviewed
buries h is head in the ground or u nder a s ton e, th e
men immed iat ely reno unced th ei r a ttac k .

• W itchcr aft
Only at O kwa, caves ca n be be wit ch ed by human
be ings for cr im inal purposes: it suffices to smell th e
odou r 0 f the hi dden poison ( u nide n- 10 - It is for this reason

tified ) to clie 10 that Okwa people did not
inform J. -c. Gallipaux 01the

existence of certain caves:

• A refu ge they were afraid for his life.

All dry caves can be used as refuge in
extreme s itu a tio ns like war, tid al waves o r cyc lo nes .
Today, i t seems th at young u n married lovers also
shelter in caves awa y from prying eyes l (F ig 33 6) .

Figure 336 : Some chil d ren preferred to stay ou tside the cave
rather than accom pany us, especially when it w as narrow and
deep, whil e others were not im pressed.

• Kn owled ge o f th e kars ti c environm en ts
T he study of the Ni-Vanu a tu s knowledge of the kars
tic enviro n ment revealed how their percep tion of that
env ironment , and th e practices resul ting from it, had
exe rc ised a strong influen ce on the form ati on of their
k no wled ge , Ind eed , as in ma ny non -scientific soc ie
ties , th eir understanding presen ts itself as an in tegra
ted kno wledge in the sense tha t it do es not dissociate
the object from th e so cio -cosmic context, in which
ma n participates fully. Yet this context , as we ha ve
seen , is very co mplex because it adds a spiritu al
di mensi on to the phenom enologi cal one, en tailing a
certain ambivalence an d thus posing a constant threa t
to humans. For caves , it see ms tha t th is cos mological
prin ciple has exercised a cert ain co nstraint , not only
on th e acqu isitio n o f knowledge but also on th eir
d evelopment. F irs tly, th e opportunit ies to ge t there
are, as we ha ve seen , limi ted the d ur at ion of vis its
is curtailed , and in general, the fear of an en coun ter
with ka rsti c beings and its conseque nces discourage
Santo people fro m sa tisfy any curiosity they migh t
ha ve . To this ep is tem ological explanat ion can be
added that of the ero sion of knowledge res ul ting fro m

. 26(



Figure 337: I was very concerned to understand why the local
knowledge on karst environment was no longer transmitted
to children. Christianization, education, modernization were,
of course, the most obvious reasons. The caves belonged to
another time, another space inhabited by the traditions and
spirits ...

Christianization and schooling, proc esses that induce
local populations to no longer transmit traditional
knowledge, precisely because their knowledge is not
decontextualized, i.e. dissociable from the traditional
spirit worldl (Fig. 337)

This study has also highlighted another, quite exci
ting phenomenon concerning the denominations of
bats and swifts and the confusion that this is likely
to produce in the minds of both the Ni-Vanuatu
and the ethnologist. Although in all communities
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Figure 338: Karstic environment, a world between two worlds,
like these men who seem able to oscillate between tradition
and modernity.

the two animals are distinguished and named dif
ferently, we have found that the term "halaha/a" is
used to designate the swift in some languages, but
refers to Nliniopterus sp. in others. This generaliza
tion of the term "halahala" poses a question: is it
due to migration of human populations within the
island or migration of the animals themselves!

•• • The karstic environment:
a world between and beyond two worlds

In the light of cosmology and mythology, practices
and knowledge, the karstic environment seems to
represent, for the people of Santo, a world between
two worlds - the phenomenological world of
humans and the invisible world of spirits- but also
-and there lies no doubt his remarkable singula
rity- a world able to accommodate this ontological
duality or even to transcend it (Fig. 338). Unstable
by essence, the karstic environment is the domain of
metamorphosis, associated with the passage from life
to death, from the land to the underground, from day
to night, from human to spirit beings. This excep
tional property, which can link these dualities and
sometimes even combine them, explains the fabulous
fertility that the Ni-Vanuatu ascribe to the karstic
world. A fabulous fertility that echoes that which the
researchers of "module Karst" actually discovered.



Habitats af Santa

FOCUS ON SOILS
Anne Bedos, Vincent Prie & Louis Deharveng

As the place whe re o rgan ic matter
br eaks down and is recycled , so il is
an essen tial compo nent o f terrest rial
ecosys tems. Earthworms an d nema-

tod es are all func tionally importan t in this habita t,
bu t in terms of divers ity, arthropods are far ahead.
During the San to exp edi tion , we focus ed on thi s
group and on snails, which are also an important
component of biodiversity in lim estone terrains .

l oren

As a good way to soak up th e local habi tat char
act eristics , we perfor med when ever possible hand
collecting on arrival at a new si te, catch ing medi 
um -size art hropods (above 2. mm ) and snails in the
liner wit h a brus h or a poorer.

(Fig. 339 ) . At each poi nt , we took a sample of
500 cm> of litt er an d 500 ern> of deeper so il layer
down to 10 cm. To capture the largest possible
diversi ty of fauna , we used the following five elfi
cient and well-tried coll ecting me thods .

W hen the content in organ ic matter was low, the
granulome try of the substrate very fine and the
faun a sparsely d ist ribut ed , i.e. in cru de sa nd and
deep layers of the so il, was hing was the only simple
way to catch the art hropod fauna (Fig. 341). Th is
technique (immersing a soil core in a basin o f wate r)
allows the collec tion of most arthropods that float

Non -ba ited pitfall traps were operated in order to
cat ch the fauna foragin g at the soil surface, espe 
cially during night, mainly springtails, ants, spiders
and beetles (Fig. 340) . This fauna is ofte n poorly
extracted from the litter itself. Small vials with a 2. cm
diameter aperture were buried with the ope ning at
the soil level , wit h 95 % etha no l inside, and left for
one or two nights. Ethanol has a neg ligible repu lsive
effect, and may even a ttract large num ber of some
species like bark beetles (Sco lytidae); in San to , two
springtail spe cies of the gen era Microgastru ra and
BrachystomeIIa were also obvious ly attracted .
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Figure 339: Map of Santa. Limestone terrain in yellow. Sample
sites for soil and litter shown by red circles.

• •• Collecting soil fauna in
the Santa karst

The sampling effort we expended on the Santa
karst was significant , with 2.87 samples of litter and
soil pro cessed in one month . We follow ed a simple
sampling design, combining s tandard ized and ad
hoc sampling. Standardized sampling co nsis ted of
five sample points in eac h o f 16 loreste d areas sca t
tered across the large karst block of Eastern San to

km--o 10
Melo

Figure 340: A pitfall trap. Arthrop ods foraging at the surface of
the litt er fall into the bottl e half-fill ed wit h ethanol. At Santa,
in one night, several tens, sometimes hundreds, of specimens,
mainly ants and Collembol a, may be collected.



Figure 341 : Washing soil in a plastic basin is an efficient and
inexpensive way to concentrate and catch the minute and
rare arthropods of deep soil layers. Washing and collecti on of
floating arthr opods wi th a brush and a lens may be don e in the
field or in the lab.

an d concentrate at the surface of the wate r, except a
few gro ups like woo d lice.

Th e most productive method to ex trac t art hropods
from so il and litter is the Berlese-Tullgr en devi ce
(Fig. 342) . Fresh soil cores were placed , d irectly
or after sieving , in a thin layer on the surface of a
grid, itse lf placed on a funne l of 30 cm diameter. A
vial filled with 95 % ethanol is placed at the bas e of
the funn el. Soil core d rying causes the animals to
migrate do wnwards throu gh the grid mesh and to
fall into the vial. Th e Santo Berl ese model used a
2 mm grid mesh , wi th a few bigge r holes late rally to
allow largest arthropods to fall through . Fift y su ch
fu nnels we re operating simultaneo usly in a sma ll
abandon ed gree nhouse , we ll ven tilated and warm,
at our base camp near Lugan ville. Drying last ed
four to six days, withou t us ing a heating bulb abo ve
the device, which wou ld have been su perfluou s in
the se Favourable ex trac tion cond itions .

Catching sna ils requires special techniques , which
combine sieving, washing and hand collecting.

• • • What did we know?
Infor mation abou t the diversity of so il invertebrat es
on Santo was extremely sca rce before the San to
2006 expedition . Basic taxon omic description s o f a
few arth ropods formed th e bulk of our knowledge
o f the Santo soil fau na , and nothing was kn own
abou t the composition of th e com muni ties or on
the spa tial patterns 01' biod iversity. As an exam ple,
only two species of terr est rial isopods were reco rded
from Vanuatu Island s before the Santa exped i
tion: Loboclillo hebriclarum Verhoeff, 1926 from the
Western Pacifi c, and Xestodillo lifoclensis Verh oeff,
1926, ori gin ally des cri bed from the Loyalty Islan ds
in New Ca ledo nia . In comparison, 57 species of
wood lice are reported from New Ca ledo nia, and 20
species lrorn the So lomo n Archipe lago , the largest
islands near Vanuatu . Ou r co llec tions, wh ich a re
cu rren tly under s tudy, have produced at least 13
add itiona l so il spe cies from the Santo karst alone.
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Figure 342 : The Berlese-Tullgren fun nels in the extract ion
hou se at the CETRAV field station. (Photo s L. Deharveng).

• • • Composition
A wide range of classical soil invertebrate groups
were collected in Santo: sn ails , spiders , false-sc or
pions, scorpions , whip-spiders , whip-sco rp ions,
micro-whip-scorpions (Palpig rad i) , short-tailed wh ip
sco rp ions (Schizomida) , various mit es , cen tipedes,
ants and several beetle families (with Stap hy linidae
domin ant) amo ng predators ; various mites , milli 
pedes , woodli ce, springtails, Diplura, Protura , ter
mites and man y insect larvae amo ng the decomposers.
As in mos t region s of the wo rld , mites (Acari) and
spri ngtails (Collembola) were numer ically domi nan t.
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For instance, Collembolan densities estimated from
standardized litter samples reached 300 to 1000 spec
imens per litre of substrate in litter, and about 10
times less in soil. These values are similar to those
recorded in temperate regions, and depart signifi
cantly from those often encountered in the tropics,
where mite and springtail relative abundances are
usually lower, while the reverse is true for mesoarthro
pods (termites, ants, beetles). Unexpectedly, aquatic
Crustacea, which often colonize soils in hyperhumid
tropical islands, were either absent (Copepoda) or
poorly represented (Talitridae shrimps, Ostracoda) in
Santo, in spite of favourable climatic conditions.

• • • Diversity
The vegetation is rather homogeneous on the karst,
because the altitudinal range is limited (0-784 m),
bioclimate is hyperhumid all along the year, and
the relief is mostly geptle -nothing like the rough
scenery of many tropical karsts. The mangrove and
littoral vegetation, present as minute patches along
the coastline, host a very peculiar fauna linked to
seashore rather than to limestone, and was only
marginally sampled. Outside this narrow fringe,
diversity in habitats is mostly linked to freshwater
occurrence, and to the disturbance gradient from
secondary forest to gardens and coconut tree plan
tations. Though all these habitats were sampled, we
mainly focussed on less disturbed forest and bush,
which cover most of the karst. Soils differed from
place to place by their depth and humidity, deter
mined by bedrock and drainage. Drier and shal
lower soils were found on limestone terraces along
the coast, wetter and deeper soils occurred in the
center of the karst near Butmas. The composition
of the soil communities shows differences, even
if moderate, apparently related to this gradient.
Drier soils host, for instance, the large springtail
Dicranocentrus sp. as a characteristic species, while
Talitridae shrimps, Polychaeta and Orthonychiurus
sp. (Collernbola) are only encountered in the wet
test soils. There is also Iaunal heterogeneity in a
given type of forest soil that cannot be explained
by the depthlhumidity gradient or by disturbance
levels, but -not unexpectedly for an habitat as
complex as soil- probably relies on undetected
differences in food resources.

At the present stage, taxonomists are working hard
at describing the species collected on Santo. Names
for the majority of them are not yet published in
the literature and we therefore have to talk in terms
of morphospecies, i.e. forms that have been recog
nized by the specialists, but are not yet described.

•• • Tramps and widespread species
As is typical in the tropics, the fauna encoun
tered in Santo includes a group of pan tropical
species and a larger group of more narrowly dis
tributed species. Most pantropical species (intro
duced, invasive, tramps, or Simply widespread)

have long been known to the taxonomists, often
being the first species recorded historically from
islands in the Pacific. They represent a significant
part of the fauna, but seem to be less important
in Santo than in more remote Pacific Islands -at
least in secondary forest. All large invertebrate
groups have such representatives: e.g. snails, mil
lipedes, woodlice, springtails and ants. In many
cases, and especially in human-disturbed habitats,
these pantropical species dominate the communi
ties. Thus, introduced Subulinidae form the bulk of
the soil malacofauna in disturbed areas, comprising
up to 90% of the collected shells (coastal forests
near Luganvile or grazed forest in Aore), as com
pared to 10% in better-preserved inland landscapes
(Fapon, Amarur, Malo ...). Our knowledge of the
Arthropod fauna is more limited because heavily
disturbed habitats were hardly sampled, but avail
able evidence reveals patterns strongly influenced
by widespread or tramp species. For instance, the
communities of soil Collembola, even in well
preserved secondary forests, were frequently domi
nated by two subcosmopolitan species, Folsomides
parvulus and Hemisotoma thermophila, which may,
however, represent clusters of cryptic species. The
two species of millipedes (Orthomorpha coarctata
and Leptogoniulus soromus) recorded from Santo in
the literature were both pantropical, while endem
ics (probably five or six species) were undetected,
even though they largely dominate the forest soil
community. Broad distribution ranges of species
with very poor dispersal abilities raise questions
about their presence across the whole Pacific. It
is generally assumed that many were introduced
unintentionally by man.

• • • Deep soil fauna (Fig. 343)
We discovered a relatively well-diversified arthro
pod fauna in the deep soil layers in Santo. Its
representatives exhibited the typical morphologi
cal traits of endogeous species compared to their
epigeous relatives: smaller size, shorter append
ages, lack of pigment, eyes reduced or absent.
Characteristic euedaphic species, i.e. those living
almost exclusively in deep soil layers, were detected
among several groups: mites (unstudied); minute
Fuhrmannodesmidae-like millipedes; Palpigradi
(Koeneniodes sp.); woodlice (Eubelidae: Elumoides
monoce!latus); springtails (Odontellidae: Axenyllodes
sp.; Neanuridae: blind Cephalachorutes sp., Friesea
santoand a probably new genus ofPseudachorutinae;
Tullbergiidae: Mesaphorura sp. and a probably new
genus of Tullbergiidae; Onychiuridae; Isotomidae:
Isotomodes sp.; Entomobryidae: Pseudosine!la sp.);
Diplura (Parajapygidae); and beetles (Anillini
Carabidae, a blind Ptiliidae).

Noteworthy is the fact that several species present
in both soil and litter, i.e. several minute and blind
Armadillidae woodlice, have the morphology of
euedaphic species.

• 290
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Figure 343: Deep soil arthropods. A: Koeneniodes sp. (Palpigradi). B: 5iphonophoridae with sucking mouthparts (Diplopoda).
C: cf. Myrmecodillo sp. (Armadillidae, Isopoda). D: Armadillid ae (Isopoda). E: Pa rajapygidae sp. (Diplura). F: Anillini (Carabidae.
Coleoptera) on the left and Oribatida on the right. (Photos L. Deharveng) .

Despi te being significant , deep so ils o f the Santa
karst nevertheless hav e a slightly im po verished
fau na compared to those of th e few regions
of South eas t Asia studi ed in th is respect, with
fewer blind mi cro-beetles and th e absence of
Projapygidae (Symphy lurinus spp.), which are
characteri st ic of th is habitat in the surroun ding
tropical region s.

• • • Litter fauna (Figs 344-346)
Dram at ic cha nges in ab undance, species rich ness
and taxonomic composition occur ac ross the few
cen time ters o f th e interface between so il and litt er,
which ac ts as a very efficient barrier. On Santa ,
fau nal d ifferenc es between a so il samp le and a litter

samp le taken just abov e it were mu ch greater than
th e differences bet ween litter samp les collected
several kil ometers apart .

As expected, litter host ed a larger range of arthro 
pod s than soil, mos t of them more colourful and
of larger size . Aside from Collembola and Acari ,
the numeri cally dominant groups amo ng orga nic
matter decomposers were millipedes of the families
Haplodesm idae, Pyrgod esrnidae, Glomer ides midae ,
slende r Opiso tretidae and Fuhrm annod esmidae,
woodlice (at least three species of Armadillidae , a
Philosciidae and a Stylonisc idae) , beetles (Ptiliidae) ,
Dipt era larvae, and even very locally in a Fapon
doline, Talitridae shrimps.
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Figure 344 : Diversity of litter invert ebrates: a partial view of the
arthropods in a single sample from the Santa karst collected
using Berlese-Tullgren extractors.

Many pred ato rs exp loit these dense populations of
decomposers on San to. Geoph ilomorpha are remark
ably diversified ; predaceous mites , false-sc orpions
and sp iders are present in every sample; but beetles
are poorly represen ted, most ly by a few speci es of
Staphylinidae and Scyd maenidae.

Th e overall abu ndance and d iversity of th e litter
communities of Santo -decom posers and p reda
tors com bined - was surpr isi ngly high for the
tro pic s , recalling the tempera te fauna. Fo r instance,
the nu mb er of Coll embo lan sp ecies con tain ed in a
s tandard 500 cmi litter sample was freq uen tly 40 %
high er than for s im ilar habitats in Sou theast Asia .
No t all groups , however, followed th is pattern. In
particular, beetles were ob viously less diversified
tha n in other tropical litters , wh ere huge number of
Psel ap hida e and Stap hylin idae often coexis t.

• • • Few termites - many ants (Fig. 347)
Two grou ps of arthro pods have a spe cia l importance
in the tropics: termites and ants. For unknown rea
sons, termites were rare in the karst of Santo , excep t in
the most dis tur bed coastal areas, mainly planted wi th
coc onut trees. f ewer termi tes means more time for
wood to decay, and hence a larger array of microh abi
tats available for other arthropods. Indeed , decaying
wood represents a conside rable part of the forest litter
(probably as much as dead leaves) on San to. T he high
abundance and diversity of decornpose rs , especially
springtails and mites, in the so ils of San to migh t be
due, at least in part , to this rar ity of termites.

Ant abu nda nce is the seco nd cha racteris tic of low
lan d tropical so ils. An ts we re not found in very
larg e n umbe r in the forests of the San to kars t, but
they were present everyw here, wi th many sp ecies
contained in a single sample (usually from five to
six for a half-li tre core). This ant diversity is prob
abl y rela ted to the d iversity of the ir po tential prey,
and , again, to the absenc e of termites . Virt uall y

nothi ng is k nown abou t th e biology of th e ind ige
nous ants of San to , exc ep t that almost all are preda
tors . Species of the tribe Dacetonini , ma ny of which
are k nown to prey on Collembola , were unusually
freque n t, with often two or three spe cies present in
a half-l itre sample: thi s is consisten t with the high
ab un da nce and divers ity of the ir po tenti al prey.

• • • Snails
Snails were so rted by sigh t from a part of the dry soil
sample after arthropo d extraction by Berlese funn el.
Most were minute species, only a few millimeters
long. Actua lly, the divers ity of the soil malaco faun a
is measured almost exclusively from shells , althoug h
live indi vidu als can sometimes be trap ped as well. As
a consequence, the spec ies found are not necessar ily
living in the litter itself, but might be arboreal or cliff
dw ellers. Fu rt hermore, because sh ells last longer
that invertebrate corpses in the soil, they con s titut e
an ove res timated part of a soil sam ple compared
to that of live invert ebrates. Thi s in troduces biases
w hen compar ing s nail to art hropod diversit y, but
may also provide complemen tary eco log ical data
such as information about the dynamics of local
environ ment. Fo r instance, in the Fapon dolines,
aq ua tic sna ils form part of litt er samples , su ggest ing
occasiona l floodi ng of the sampled soil.

Over 40 species belonging to 20 families were iden
tified from eight sites samp led in a stand ardiz ed
way. They rep resent almost 70 % of the San to land
snai l fauna (see "Indigenous land snails " in section
"Terres trial fau na" and "focus on snails" in section
"Rivers and other freshwater habitats"). On this basi s,
using classical s tatis tics, we es timat e the to tal biod i
versity to be between 50 and 80 spec ies (Fig. 348) .

As one would expect, big sp ecies appear to be less
common in s tandardized samples than the smaller
ones. Draparnaudidae, Plac ostylidae and Succineida e
for example, beli eved to be common species as they
are eas ily found in the field , are each represented by
a single shell ou t of abo ut 3 000 shells ident ified .

Amongst the native species, the families Assirnineidae,
Euconulidae,Diplomatinidae and Hydrocenidae repre
sen t altogether more than 70 % of the collected shells .
These famil ies , bes t represented in preserved forests
like those o f Fapon and Malo Island , were not recov
ered in disturbed ecosystems such as the surrou nd
ings of Luganville. Malo Island hosted the richest and
most diverse malac olauna: 21 species, with only two
of them introduced. The famil y Endodontidae was
mos tly foun d at this site. In disturbed areas native
snai ls can drop down to about 10 %.

•• • The future
Thanks most ly to the prod uctive Berlese-Tullgren
funnel method and except ionally favour able sam 
pling conditions -a one month stay betw een two
typhoons - we were able to gather what is probably
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Figure 345: Detritivorous invertebrates of the litt er in the Santo karst.A: Nam anereis cfmalaitae (Polychaeta). B: Phthiracaroidea (Acari
Oribatida) and (upp er right) Ostracoda. C: Lohmanniidae (Acari Oribatida) . D: Glomeridesmidae (Diplopoda). E: Eutrichodesm us
communicans (Haplod esmid ae Diplopoda) . F: Lobiferodesmus vonuotu (Pyrgodesmidae Diplopoda). G: Talitrid ae (Amp hipoda) .
H: Armadillidae (Isopoda). I : Styloniscidae (Isopoda). J: Protura. K: Diptera larva. L: Ptiliidae (Coleoptera) . (Photos L. Deharveng) .

J:t; ..
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Figure 346 : Predaceous arthropods of the litter in th e Santo karst. A: Ideobisium (Pseudoscorpionida). B: Chthoni idae
(Pseudoscorpion ida) . C: Lycosidae (Araneae). D: Cryptothele sp. (Araneae). E: Schizomida. F: Geophilomorpha (Chilopoda).
G: Staphylinidae (Coleoptera). H: Lampyridae (Coleoptera). (Photos L. Deharveng).



Figure 347: A: Discothyrea sp., a rare ant in the forest litter of Santa. B: A springtail-eating ant (cf. Strumigenys sp.), frequ ent in
Santa. (Photos L. Deharveng).

today the most im portant soil invertebrate collection
made in the western Pacific islands outside of New
Caledonia, with about 100 000 speci mens . Th e real
number of species present in the soil s of the Santa
karst can no t be ascerta in with precision as we have
no way to tak e into full account the mit es , which are
often dominant but desperately in need of spec ialists
for ide ntification. Under the conservative assu mp
tion that mit es and insects (as adul ts o r larvae) each
have two tim es as many species as springtails in th e
limestone soil s of Santa, 500 species would be a con
servative estimate. A huge work of identification and
taxonomic descript ions has begu n and will obviously
last for many years .

We exp ected to find th e charac teris tic fea tu res
o f tropical so il biodiversity in San io , i.e. a lower
diversit y and abu nda nce of mi croarthropod s ver
sus a high er di versit y and ab unda nce o f mesoar 
thropods, co mpared to th e temperat e so il fauna.
Th e oc eanic na ture , relat ive isolat ion and you th o f
th e island sho ul d also ha ve res ulted in a depl eted

bi odiversity in all groups, wi th some disharmony
in Iaun al composition . In short , we expec ted a
poor fauna . The results ha ve been far from meet
ing ou r pessim is tic expectat ions . To our surpr ise ,
we discovered tha t the kar sts o f San to support a
high d iversit y of mites a nd springtails living in
unusu all y den se populati ons , and th at th ere was
no sig nifica n t ga p in th e taxon om ic com pos ition of
th e comm u n ities .

Furthermo re, it is clear that th e biodivers ity of Santa
karst so ils has not been completely exhaus ted by the
Santo 2006 expedition. Many taxa we re collected only
once, implying statistically that others rema in to be
found. Beyond the karst itself, wh ich was reasonably
we ll sampled, the non-karst part of Santa , represen t
ing more tha n half the surface of the islan d , rema ins
virtually unsampled. In parti cul ar, the fauna has not
been sampled at high elevation , a nd only very su per
ficially in the mangroves, two habita ts tha t always
host remarka ble species . Regarding the soi l fau na at
leas t, th ere is room for a furth er expedition . . .
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Figure 348: Various indicato rs converge on an estimation of 50-80 species of land snails on Santa and neighb oring islands of Aore
and Malo.
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FOCUS ON CAVE TERRESTRIAL HABITATS
Louis Deharveng, Anne Bedos, Vincent Prie & Eric Queinnec

Santos caves host an interesti ng fauna: this was the
first discovery o f the kar st team during the Santo
2006 ex pedition. In a way, it does not have mu ch
merit. Any karst in the tropics hosts subterranean
animals, and nobody had searched for them in
Vanuatu before, contrary to o ther large islands of
the Pacific. However, access to subterranean fau na
is never ce rta in. It requires the presence o f en trie s
into the underground domain , which caves may
pr ovi de if th ey are large enoug h for man , an d dark
and humid enough to host s ubterranean life. Only
a handful of such caves were known on th e islan d
before the expedition, far from enough to provide
the co nditions needed for a successful biological
trip . In orde r to evalua te th e po tential of San to in
thi s resp ect , two preliminar y reconnaissances were
launch ed in 2005 - on e for terrestrial cave fauna,
the other one for aquati c sub terr anean habit ats ,
including blue holes. Th ese trips were ex tremely
product ive, revealing a large number of su bter
ranean passages with bo th aqua tic and terr est ri al
habita ts favo urable for troglobi onts , as we ll as
plenty of guano . Th e way was thus op ened for th e
2006 expedi tion itself, during which ext ensive co l
lections of the fauna were mad e: 255 samples in 4 2
caves scattered across th e who le karst area of San to

Figure 349: Caves sampled biolog ically (blu e circles) and not
sampled (red circles).
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(Fig. 349), as well as 40 samples in interstitial hab
itats , and41 samples in sprin gs and blue holes .

•• • Collecting in Santo caves
Basic techniqu es for collect ing the fauna are the same
underground and abov e ground . They just have to
be adapted to the particular conditions of sub terra
nean environmen ts: a lim ited diversity of habitats , a
patch y dis tribu tion of troph ic reso urces and the co
occurrence of ex tremely food-rich habitats (guano)
and extreme ly food-poor habitats (the so-called oli
gotroph ic habitats). Th is pattern mak es stan dar dized
sampling and faunal com parisons between-caves dif
ficult : the distribution of caves in the karst is very
un even and the differen t cave habitats do not occur in
all caves. Oligotrop hic habi tats in parti cular are abse n t
or difficult to access in most caves of Santo beca use
of the wides pread occurrence of guano . Ideally, they
are present behind sumps (which bats canno t cross),
but reach ing these habitats requires divin g ski lls and
equipment , and sumps of inte rest were limited to a
few large caves near Butmas and Funafus . As a resu lt,
oligotrophic habitats were strong ly un dersam pled in
comparison with guano habitats.

We used various sa mp ling methods in caves
(Figs 350A-F) , three in particular for the terrest rial
fauna: direct hand colle cting wi th forceps , bru sh or
aspirator (Figs 350A & 2B), sometimes near baits;
pitfall trapping usin g small vials filled with alco ho l
or beer, sunk into the soil flush with the aperture
and emptied after two to four days; an d subs tra te
extraction of the terrestrial fauna from cave soil
(Fig. 350C) and guano. We also sampled soil outside
caves at the same time. Thi s grea tly helped in assess
ing the eco logical status of cave spec ies, beca use in
many cases , morphology alone canno t tell us if a spe
cies co llected in a cave is a real troglobion t; its s tatus
can only be ascertained if it is not present outsid e
caves, espec ially in soil. For this purpose, 50 Berlese
funnels from both soil and cave samples were op erat
ing simu ltaneously (see "Focus on Soil ") .

• •• Cave habitats
The st ab ility of temperat ur e and hu m id ity, and the
absen ce of green plants (ro o ts excep ted ), s trongly
limit the diversity of habi tats in cave s compared to
tho se ou tside. It is mos tly the type and avail abili ty
of food that co ntro l th e distri bu tion and organ isa
tion o f subterranean life.

Six kinds of habitats hos ted cave life in Santo:
• Entrance zone, mostly in th e twilight zone,
in habited by an obscur icole fau na of rather
large species;
• Oli got rophic habi tats in the dark zone, wh ere
food is pro vided by sca tte red faeces of bats or
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Figure 350 : Collecti ng cave fauna. A: Collecting terr estrial invertebrat es with a pooter, after a sump in Loren Cave. B: Collecting
microarthropods on a wall of Amarur Cave. C: Taking a soil sampl e in the "Grotte du Golf", a shallow cave near Luganvill e. D: Placing
fish nets in an underground stream. E: Collectin g in large gour s of Kafae. F: Small gours that trap terrestrial micro-arthropods at
their surface.

sw iltlets , or dissolved organic mat ter rrom soil
perco lating water; they typica lly host cave-obli
gate sp ecies ;
• Roots , which sometimes pen etrate into caves,
especially whe n they are shallow, and host a mixed
fauna or soi l root-suckers and troglobion t animals;
• Vegeta l deb ris brough t in to caves by sinking
streams, especially during Hoods, wi th a large
number or outs ide sp ecies. The number or these

trogloxenes decreases with time as many are
unable to co pe with subterranean life ; Hood
debris deposited by except ionally high llooding
may slowl y decompose Ior years, providi ng habi
tats fo r troglobionts;
• Gua no habitats (includ ing sw ilt let nes ts),
w here food is plen ty an d very concen trat ed , are
ex ploited by a pecu liar fauna; they are de scr ibed
in "Focus on gua no ";
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• Aqua tic habi ta ts , whic h are also the su bje ct of
separa te contributio ns .

The firs t four habitat types are co ns idered in this
part, "Focus o n cave terrestrial habitats".

• • • The composition and diversity of the
non-guanobiont terrestrial cave fauna

In terms of species nu mb ers , su bterr an ean voids are
never rich compared to vege tation or soil habitats .
Among othe r reason s, th e abse nce of light preven ts
the growth of green plan ts and most of th eir asso
ciated fauna, excep t for a few root -su cking bugs.
How ever, caves are uns ur pass ed amo ng terrestrial
environme n ts in terms of endemism levels , which
are part icu larl y high am ong obli ga te cave spec ies .
In th is respect , cave habitats have long fascinate d
biologist s. Muc h effort was expende d during Santo
2006 to discover the en demic cave sp ec ies that we
expected for a relati vely ancien t island lik e San to .

In fact, we foun d that the main characteristic of
terrestrial cave faun a in Santa was that su ch tro
globionts are very few in number, being rest ricted
to oligotrophic habitats that are difficult to sample
Su bterra nean communities were largely dominated
by guanob ionts (see "Focus on guano" ) and by non
troglob iotic species , i.e. trogloxenes and troglophiles.
Among the troglophiles, two categories are present
in San to: those using caves as shelter during the day,
suc h as bats and , probably, some Amb lypygi, or dur
ing the nigh t, suc h as swilt lets ; and those with repro
duci ng populations both inside and outside caves,
incl ud ing most of the trog lophilic invertebrates.

The following terms are used to describe the Link of a
species with the subterranean environment:
-rroqtobicnt/styqobtont; a species Living exclusiveLy in
terrestriaL/aquatic subterranean habitats.
•TrogLophiLe/stygophiLe: a species Living part of its Life
cycle in caves, or with both epigean and subterranean
populations.
•TrogLoxene/stygoxene: a species whose main habitat is
outsidecaves, encountered accidentally inside caves.
·Guanobiont: aspecies Living exclusively in guano.
•Troglomorphic: a species or a morphologicaL trait modi
fied in reLation to cave Life.

••• A large number of outside
and obscuricole species

Even if man y species and groups do not usua lly pen
etrate into caves, the overall number and abundanc e
of outside species in the subterranean habitats of
San to is high. These invertebrates do not exhibit tro
glomorphic characters and are also presen t in soi l and
litter outside caves. Many are carried passively in to
caves by sin king strea ms, and are found among flood
debr is deposited along subterranean banks. Water
percolating through the edaph ic layer and limestone
cracks also brings minu te arthropods, which are
often trapp ed on the sur face of micro-gours at the
top of sta lagmites (Fig. 35 1A) Large obs curicole

s pecies are also abundant ; attracted by darkness, but
no t adapt ed to cave clima tic condi tions , they are typi 
cally seen on the walls of the ent rance zone, in partial
or to tal darkness (Fig. 351B) Th e most conspicuous
species are sp iders o f different families, part icularly
Sparassidae and Pholcidae.

Inte res tingly, the abu nda nc e of trogloxenes and
troglophiles in caves was not proportional to their
rela tive abu ndance in surface habitats. There is a
variety of situa tions that req u ire a variety of adap
tive abilities , from en tering passiv ely into caves to

es tablishing sho rt to long-term via ble populat ions
undergro und . This div ersity of troglophily levels
can be highlighted by th ree examples :

• In San to , like anywhere in the world , deep
soil spec ies do no t colo nize caves , though their
habitat is in direct co nnection wi th the bedrock ,
and they are already adapted to darkness and
limited food su pplies . Min u te endogeous arth ro
pods - micro-woodlice , Symphyla , micro -Col
lembola or end ogeous Acar i (see "Focus on
soil") - are pr esen t in caves only as isola ted
specimens , what ever th e gro up conside red,
excep t in p laces where so il "flows" into th e cave
th ro ugh large connections with the sur face . It is
not known wh ich biolo gical trait s preven t these
art hropods from colonizing caves.
• Two spec ies of rela tively large Neanurinae
sp ringta ils are found both in litter and in caves.
The firs t, Te/obella sp ., is mo re abundan t in lit
ter th an th e second , Yuuhianura sp. Con versely,
Yuuhianura sp . is far more ab unda nt than
Te/obella sp . in caves , desp ite their similar ecol
ogy and size , and frequent eo-occurrence in
litter. Th e Yuuhia nura show abundant gua no
ad ap ted populations that seems to be conspe
ci fic wi th litter populations according to the
cu rre nt state of our an alyses , w hereas Telobella
are never found on guano. Both are oth erwi se
p rone to be carr ied in to caves by percola ting
wa ters , in spite of their large size (Fig. 35 1A).
• All terres tr ial snails collec ted in caves were
also presen t ou tside, in litte r or rocky environ
men ts , bu t a few were found alive u nderg round .
Among th em , Hydrocenidae s pecies may be
observed on cave wall s , surv iving on leaves and
organic matter ca rried in by flood wa ters.

• •• Few terrestrial troglobionts
Four sp ecies were found exclusively in caves and
can be qualified as troglobi on ts , living mo stl y in
resource-poor hab itats and abse n t in large gua no
acc um ula tio ns:

• A Parad oxoscrnati da e mil lipe de;
• A wood louse ;
• A Smin th ur idae springtail ;
• A No cticolida e cockr oac h.

All are probably new to scie nce . Except for th e coc k
roach, these spe cies ma y also be foun d occasionally
or margin ally on small guano accumulations.



The Natural History of Santa

Figure 351 : Some cave species of Santo. A: Three Neanu rinae species (one or two species of Te/obella and one Yuukianura)
trapped on the surface of a small gour in Fapon Cave. B: Observing a probably trogloxenic land-crab on the wall of Amarur Cave.
C: A troglobioti c Styloniscidae, from oligotrophic, post-sump habit ats of Patunar. D, E: Pararrhopalites sp. from Fapon Cave (D) and
Autabelchiki Cave in Aore (E). F: A blind Nocticolidae from Fapon Cave.

At least th ree Stylon iscidae species in the caves and
so ils of Santo have reduced eyes . One is a blind
guanobiont , abundan t in th e Mba Aven , rare in
Riorua Cave and abse nt elsewhere. A second one
has a sing le sma ll eye on eac h side and was co l
lect ed in two caves and two soi l sa mples . Th e third
species is the only wood lice th at co uld be co ns id
ere d as a troglobiont, as it was found in severa l
caves of the Funafus system, but not in guano or
ou tside (Fig. 351 C) . This species has three sma ll,
poo rly pigmen ted eyes per side and re tains a ves
tigial pigmen tat ion. Interestingly, the only signifi
cant popula tion was collected from a sump in
Patunar in the absence of swiftle t or bat colonies ;
it was asso ciated the re with a large population of
troglomorph ic Noc ticolidae.

A large, pale ca ra mel mill ipede of the gen us
ElIstrongy losoma is freque n t in Santo caves (Amaru r,
Fapon , Kafae , Rio rua an d Tari us) . roaming on small
gua no piles or sca tte red orga nic ma tter. 1ts abse nce
outside caves, where o ther Parad oxosom at idae mil
lipedes are freque n t, suggests a troglobioti c sta tus .

Collembola are no t rare in o ligotrop hic habitats,
feeding on microorganisms growing on bat dro p
lets or on scattered pieces of wood, but all these
"cave" spri ngta ils are also present ou tside , or are
isolated specimens of guanobioti c spec ies . The only
exception is a species of the genu s Pararmopai ues
(Figs 351D-E) , known from five caves (Aore , Fapon ,
Kafae,Tarius and Sarabo), but w hich does not exhibit
obvious troglomor phic characters compared to soil
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Pavarmopalues from other Aus tralasian regions. Th e
Paranhopaliles were collected from guano in th ree
caves , but no t in the two other caves , so we assume
it could be a troglobiont. Th e gen us has not been
found in the soil s of San to analyzed so far.

Th e No cticoli da e species of San to cave s (Fig. 351 F)
is a sma ll, fragi le , blind ancl long- legged cock roac h ,
whic h ru ns rapidly on cave walls, preferen tially in
confined galleries . Suc h troglomor ph ic Noc ticolidae
are charac ter is tic cave inhabitants in Sou theast
Asia and Australasia. Bu t, while eyed relatives of
blind cav e No c ticolidae are present ou tside ca ves
in these o ther reg ions , no ne was collec ted in San to ,
ra ising the questi on of how Nocticoliclae may have
col onized caves of th e island.

It can no t be rul ed ou t tha t so me of the collected
spide rs - freque nt cav e colonizers in the tro p
ics and numero us in San to caves - a re troglo
biont s, but a t the cu rren t s tage of sorting, none
has bee n recognized as tro glomorph ic. The on ly
species found to hav e s tro ngly- reduced eyes is an
Oo nop idae fro m the "Grotte du Golf", but it loo ks
like a soil ra the r than a cave spe cies .

In ter ms of its di versit y, the ob ligate terres tr ial cave
fauna of San to therefore ha s two cha rac teris tics:

• Except for Nocticolidae, the terres trial tro
globion ts of Sant o are at most only moderately
troglomorp hic;
• With fou r t roglobionts , the obl igate no n
guanobio tic cave fauna has a low diversity
compared to th at of ma ny tropica l kars ts of
Sou th eas t Asia or Aus tralasia, w here up to 15
troglo bio tic species may be fou nd in a single
cave. Nevertheless , it is "rich " when compared
to that of o ther sma ll Pacific Islan ds. In fac t,
guanobion ts, like troglobion ts of oligo tro phic
cave hab ita ts , are cave-res tric ted and sh ou ld
equa lly be considered as well adap ted troglo-

bionts. In this respe ct , the cave fau na of Santa
would appear to be reasonably rich , even in
com pariso n to that of Australasia .

T he study of the in su lar cave fau na of Hawaii and
the Canary Islands has demonstrat ed that sp ecia
tion on islands may occur in an amazingly sh ort
sp ace o f time, i.e. a few thousand yea rs. T he oldest
San to lim estones a re of Pleis tocene age , but it is
likely that su b terranean fauna co lonized the deep
kars t habi tats after having evol ved in volc anic voi ds ,
s ince the non- limestone terr ains of Santo were
emerged several millions years before coral reef
uplift. This wou ld be enoug h tim e to have allowed
cave adap tations in arthro po ds . Surprisingly, how
ever , the troglob io tic fauna of San to is poor: the
recen t age of the San to Island kars t cannot ful ly
accoun t for th e rar ity of no n-gu anobiotic troglobi
on ts and the low levels of tro glomorphy. Ind irect
ev idenc e sugges ts tha t local bioclim a te and th e
connec tion of kars t voids with the surface may
part ly expl ai n th is m oderat e level of biodi versity. In
the su bterr an ean sys tems su rveyed in Santa , in ter
connections between surface and caves are nu mer
ous, as cav es are only de veloped for a few tens of
meters a t mo st u nder karst surface , wi th frequ ent
openings along subterranean passages . This perme
ab ility, combined with a si milar bioclimate inside
and outsid e caves (character is tic of a hyp erhumid
trop ical climate), allows easier faunal exch anges
between caves and the surface, as illu strated by
th e massive presence of troglo xene species, hence
limi ting opportunities for speciation . A fu rt he r rea
son ma y be that most, if not a ll, caves of th e island
host bat colonies wi th large guano accum ulations ,
which repel" tru e" troglobionts. It is qu ite possible
that habitats favourable to tro globiot ic species (in
pa rtic u lar galleries beyond sumps , or cracks in
limestone that bats can not enter) have not been
su fficient ly sa mpled , as they are rar e and of ten of
di fficu lt access in San to.

FOCUS ON GUA 0
Louis Deharveng, Josiane Lips & Cahyo Rahmadi

Bats and sw iftlets are the mos t familiar in habitants
of Santa caves. Th eir gua no is foun d in almos t all
caves we vis ited (Fig. 352) , as iso lated dro plets or
acc um ulated in piles of var ying sizes (Fig. 353) .
Bats were observed in almost all the caves surv eyed
in San to , with nine species bei ng recorded during
the ex pedition (see "Foc us on bats ") . Large co lo
nie s of mor e th an 50 000 bats were not excep tionaI,
mostly com pris ing Minioplcrus allstralis auslralis
an d Ascllicus tricuspuiatus. Swiftlets were also very
co mmon . Three species are recorded from Vanua tu ,
all ne s ting in caves (Fig. 354) : Collocalia escuienta,
C. vaninore nsis an d C. spodiopygius.

A rich fauna was associated wit h the bats and swilt lets.
including parasites and free-living species found in the
guano. Th ough parasi tes were no t our target, it wou ld
have been difficul t to miss the very conspicuous yel
low Diptera of the families Nycteribiidae and Streblidae
crawling through the fur of the bats (Fig. 355) . In
some colo nies of Mi nioptcnls austral is, nearly every
specimen carried these large flies, visible even on ani
mals in fligh t. On very rare occasions, parasi tic flies
were found on guano, having fallen from bats.

Our efforts focus ed on free-living in verteb rat es asso
ciated wit h the gua n o. Guano is an unique hab itat ,
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Figure 353: Searching for guanobionts In small guano piles
below sw ift let nests in Kafae Cave.

Figure 354: Swiftlet in its nest in Fapon Cave.

Figure 355: Miniopterus austraJis bearing large parasiti c flies in
Amarur Cave.

"".

...

•

..
"

•

. .
. ~:

'..
~

,

Figure 352: Localisation of the guano caves. Blue circles, most
extensively sampled guano caves on Santo; red circles, other
caves of Santo.

made of faeces , urine, feathers and corps es of bats
an d swiftlets , accumu lating daily and decompos
ing in situ. It often constitu tes islands of very high
energetic resou rces in a m ine ra l matrix of very
poor resources. Its only links with the ex terior are
bats and swiftlets that import nu trients into the
caves . In San to, bo th these groups are insectivo
rous , as no frugi voro us ba ts roos t in the caves of
th e island. When scattered , their droplets provided
th e main food resources su pporting troglobion ts in
oligo trop hic habitats, as mention ed in "Fo cus on
Cave terrestrial habi tats". Th e tru e guano fauna was
mos tly limited to small piles under sw iftlet nests
(Fig. 354) and to larger accumulations u nder bat
colonies (Fig. 356). Th ese guano accumula tions
were inh abit ed by an abun dan t fauna that we sam
pled inte nsively, followi ng a standard ized protocol,
con sisting of five guano replicates per pile in each of
10 caves distributed across the larges t kars t block of
San to (Fig. 352). Inten sive non -stand ardi zed hand
collecting was also carried ou t in order to create an
inven tory of invert ebrates living in guano, and to
characterize their commu ni ty stru cture in relation
with life in this very pecul iar habitat - two fields in
which our knowledge remains ex tremely weak.

•• • The fauna
Species of several invertebra te groups are regu lar
inhabitants of guano in the caves of Santo. These are:
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Figure 356: Large bat guano accumula tion in Sarabo Cave.

••• Gastropoda
Th e subulinid AlIareas gracile is the onl y terrestrial
snail livin g in the cave of Santo and seems to be
restricted to guano in this habi tat (Fig. 35 7) . It is
also wid esp read ou tside caves (see "Fo cus on Alien
Land Snails" in sec tion "Man and Nature" ).

•• Arachnida
• Mites - both decomposers (Uropodina and
Oribatida) and predators (Gamasina) - were pres
ent in and on the guano, often in very dense
populations . They accoun ted, on average, for three
quarters of the guano arthropods in terms of abun
dance, and were dominant in most cases, often
forming huge swarms covering in of the guan o.
They have not been identifi ed to species level, but

Figure 357: Allopeas gracile in Fapon Cave a common snail on
the guano of Santo caves.

56 morphospe cies were recognized, probabl y a
world record for a karst the size of that of San to.
• Whip-spiders (Amblypygi) of the genu s Charinus
were common in caves and sur face litter of Santo.
In caves they were not stri ctly link ed to guano,
but mostly found on walls near accu mulations of
organic debris. A single species (c. allstralianlls)
is present , possibly represen ted by an un describ ed
subspecies with geographical varieties, which is
curren tly under stu dy (Fig. 358) .
• False scorpions were represented by isolat ed
sp ecim ens of ep igean spe cies from a surp rising
variety of familie s (Atemnidae, Chthoniidae,
Lech yti idae and Sya rin idae), but also by
true gua no bionts of the Cheir idi idae an d
Chernetidae.

Figure 358: A wh ip-spider, Charinus sp. from Fioha Cave.



••• Centiped es
• Scolopend rom orpha centipedes were present,
th ou gh not commo n, in the caves of Santo; they
are fou nd exc lusive ly on guano , w here they are
acti ve predators (Fig. 359) .

••• Milliped es
• Some guano piles supported abunda nt popu
lations of millipedes of the genus Hypocambala
(Fig 360). interestingly, the species was iden tified
as H. anguinea, which is considered to be a pan
tropical tramp species. Its absence outside cave
guano habitats in Santo raises in terestin g ques
tions about the way it migh t have colonized the
island . Hypocambala anguinea is the onl y true
guano biotic millipede found on Santo, but other
species of Paradoxosornatidae and Polydesmidae
are occasionally present on guano. Like other cave
Carnbalopsidae, this milliped e excretes a smelly liq
uid that probably acts as a deterrent to predators.

••• Woodli ce
• Woodl ice were represented by a gua nobiotic
Styloniscidae limited to two caves: Mb a Aven
wh ere it was abundant , and Riorua Cave where
it was rar e. Though typi cally gu anobiont, the
species lacks eyes and pigment , and is not
closel y related either to th e troglob iot ic species
of th e Funafus sytem (see "Foc us on cave ter
restrial habitats") or the ot he r troglophilic or
epigean sp ecies of the family.

... Springtails
Springtails are the second mos t abundant art h ro
pods o f th e guano , after mites. Only on e spec ies
(Psammisotoma sp ., see "Fo cu s on Spr ing tai ls ")
was str ic tly linked to guano , th ou gh it was ra re . At
least three others (Xeny lla y ucatana, Yuuhianura sp.
and Coecobrya aonii) reached th eir highest densi
ties in this habitat.

• XenyllaYllcatana is a pantropical spec ies that can
be encountered in very large populations on guano,
but it is also abundan t in soil outside caves.
• Yuuhianura sp., a species of Neanurina e n ew
to science , lives in dense populations on th e
sur face of guano piles , often aggrega ting around
fresh dung (Fig. 361). It also seems to be wide
spread in litt er habitats on the islan d.
This is th e first time that representatives of the
otherwise halophilous genera Psammisotoma
and Yuuhianura have been repo rted from inland
habitats (see "Focus on Spin gtails" ).
• Coecobryaaohii,an en tomob ryid described from
a single site on Santo, is in fact common in soi l,
litt er and caves around the island. In guano it is
sometimes found in huge populations , but this is
never the case in outside habi tats (Fig. 362) .
• Other springtail spe cies (OrthonychilLHlS sp. ,
Rambutsinella sp., Isotomiella symetrimucronata)
are occasionally found in guano piles, but their
preferred habitat is forest litt er.
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Figure 359 : A centipede eating a young cockroach in
Autabelchik i Cave.

Figure 360: Hypocambola swarm on a guano pile in Mba Cave.

Figure 361: Yuukianura springtai ls around a fresh dung on a
guano pile of Rotal.
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Figure 362: Coecobryo ookii, a jumping springtail abundant on
guano in Fapon Cave.

Figure 363 : Bent-wing bats and Periplaneta cockroach es
eo-habiting on the roof of Autabelchiki Cave.

Figure 364 : Periplaneta cockroaches eating a dead bat in
Autabelchiki Cave.

••• Ins ects
o Blattodea: The most dist urbed or war mes t
lowl and caves, in whi ch guano is abundant , ma y
ho st dense populations of large cockroach es of

Figure 365 : Dermaptera among Coecobrya ookii and other
microarthropods in a guano collection from Vobananadi shaft.

the genus Periplaneta. Th ey are often found on
cave walls and roofs, amongst bats (Fig. 363),
and they may be activ e scavengers (Fig. 364) .
o Dermaptera: earwigs were regularly fou nd
in gua no piles , but never in large numbers. At
least two spec ies, both with eyes, wer e present
in Santa , of which on e - paler and with slight ly
smaller eyes - was not found outside the cave
gua no habitat (Fig. 365) .
o Nemobiinae gryllid cricke ts which turned out
to be new to science (Cophonemobius [austin,
Desutter, 2009) were the onl y Ortho ptera regu 
larly associated with guano in Santa. Th ey were
not collecte d outside caves, tho ugh the y are pig
merited and fully ocu lated . Two closely related
form s were recognized and described, and another
one is possibly present. Cophonemobius was so
far only known from Samoa. Rhaphidophoridae,
which are widespread in caves in surrounding
region s (Aus tralia, Southeast Asia ) , are absent
from Sant o caves.
o Coleopt era. Tenebrionid beetles are regular
inhabitants of guano worldwid e, with both
widespread and endemic species. In Santo, large
swarms of a rather large , black species (prob
ably the wides pread Alphitobius laevigatlts) were
found locall y, s trictly restricted to guano pil es
(Fig. 366); the speci es was not encoun tered
outsid e caves. Other beetles were also present in
the gu ano, including many unidentified larvae.
The adu lt sp ecimens collected belong to several
famili es , of whic h Histerid ae, Hydrophilida e,
Scydmae n idae (Fig. 367) and Staphy lin idae
were the most common.
o Dipt era were abundan t as larvae and adults ,
but remain unstudied.
o Lepidoptera. Tineidae are a major component
of guano communities in all cave systems on
Earth . Sant a is no exception , with tine id larvae
some times occ ur ring in very dense population s
(Fig. 366) . The species present in San to caves
have not yet been iden tified.



Figure 366 : A large swarm of Tenebrionidae mixed with encased
Tineid larvae on a guano pile in Autabelchiki Cave.

• •• The characteristics of guanobionts
In co ntrast to troglobion ts, gua no bionts are o fte n
morphologically similar to species found outsid e
caves: of similar sha pe and size , eye d , pigm ented ,
often win ged , wi thout any ada ptive morphologi cal
features that dis ting uish th em from non-gua nobi
on ts . This traditional ima ge of guano bionts has ,
however , to be nuanced for tro pical caves . In Santo ,
guanobiotic millipe des or beetl es have eyes and
pigmen t, like th eir closes t co u n terparts outside
caves. W ha t links gua no bion ts to guano is prob
abl y roo ted in th eir physiological ability to co pe
wi th extreme ly rich organic nutrients. Most guano
bi onts a lso sh ar e a high reproductive potential and
often live in extremely dense populations. Because
th eir fooel so u rce is permanently available , d ifferent
life s tages usu ally occ ur together.

In terms of their geogra phica l dis tributio ns, guano bi
onts contrast with troglobi onts because they include
a large number of widespread species and relati vely
few ende mics . Special dispersal abilities may partl y
account for this pattern . Thus, so me guano spec ies
belon g to families in which dispersion by phoresy is
co mmo n (ga masid mites and false-scorpions o f the
families Atemnidae , Lechytiidae, Chei ridi idae and
Cherne tidae ) while o the rs are flying insects. Among
the smallest gua no spri ngtails, several (Isotomiella
symetrimw:rollata, Folsomides centralis) also live in
soil and are appare nt ly parthenogenetic. They are
not confine d to fragme nted subterranean and karst
habitats and so are less prone to endemism .

• • • Guano foodweb
Th e food-web of guano is base d on th e organ ic
debris formed by th e d ung, urin e , co rpses and
nest s produced day afte r day by bats and sw iltlets .
These deb ris acc u mulate on th e cave floor wh ere
th ey are rapidly deco mposed by bacteria and fun gi ,
providing very rich -and ver y sme lly - nutrients
for inverteb rate decompose rs. In Southea st Asia,
th e fauna o f gua no is o rganized in to two almost
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Figure 367 : A Scydm aenida e (probably Scydmaenus sp.).
abundant in the guano of Rotal shaft.

ind ep end en t assem blages: th e gian t arthropod co m
munity and th e meso-zrnicroarthrop od com mu nity.

Th e gian t arthropod co m m u n ity in cludes th e
mos t consp icuous in verteb ra tes to be seen in
caves : large cricke ts and cock roaches living in
d en se po pula tions, and their predators: huge
sparassid spiders, whip-spiders and centipedes.
In San to, we have only a pale reflection of this
giant fau na. Large coc k ro ach es (Figs 363 &: 364)
were locally prese n t, but crickets were only rep
rese n ted by small Nemobiinae. Large Sparassi dae
we re rar ely seen . O nl y whip-spiders of the ge nus
CharillLl s were widesprea d, but th eir s ize is mod
erate co m pa red to th at of m an y tro pical members
of th is gro u p (Fig. 358). Th e lar ge , long-legged
Scut igeridae, w hich are regular and spect acula r
inhabi tants o f Sou theas t Asia ca ves , were rarely
enco u n te red in Sa n to caves , possibl y becau se
th e ir favori te prey, th e lar ge rh aphido phori d
cr icke ts , were not prese n t.

Conversely, meso - and microarthropod communities,
nu merically dom inated by mites, were strongly diver
sified. Decompo sers of these communities often live in
very dense populations in guano. They include mites,
springtails, tineid larvae in their cases, tenebrionid
beetles, and a grea t number of less abundant groups.

Preda tors feeding u pon th ese large swarms of
decomposers are ra ther diverse . None is sup posed
to be sp ecializ ed , but ev idence o f wha t ea ts what
is st arkly lacking in Santo caves. Th e pr edators
are mos tly arac hn ids : mites (Ga rnas ina) , wh ip-spi
de rs (Charinus sp .) and false scorpions . An ts were
often abunda nt , as in most tropical cave s where
their importan ce in gua no fauna ha s been largely
ove rloo ked . They belong to ep igean species, but
so me probabl y have per man ent population s in cave
gua no . Centi pedes of the gro up s Geo philomorpha
an d Scolopendromorpha are un common in guano
(Fig. 359), wh ereas th ey are very common in soils.
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Figure 368 : Relative abundance of di fferent Arthropods in the guano of six caves of Santo.

• •• General patterns of biodiversity
In terms of alpha-div ersi ty (i.e. for a given gua no
pile) , richness of invertebrates ranged from 7 to 36
sp ecies and morphospecies , with mites always the
most di verse before springta ils. On e to three sp e
cies of decomposers dominated the guano commu 
nit y. They were often homogeneously distribut ed
throu gh the pi le. Th eir de nsity was mu ch higher
than th at obs erv ed for any outside soil sp ecies for
their resp ectiv e groups . Similar patterns have been
descr ibed from many guano commun ities wo rld 
wid e, but th ey have rare ly bee n quantified. Her e,
th e dens ity per squa re meter may roughly reach
500000 individua ls for some Uropodina, 100000
for Coecobrya aohii, 50000 for Teneb rionidae and
Tin eidae , 20000 for Yuuhianura sp., 10 000 for
Hypocambala and 1000 for large Periplaneta.

Unexpectedly beta-diversity was rema rkab ly high .
From one cave to another, and even from one guano
pile to another inside the same cave, the propo rtion
of dominant taxa were often different (Fig. 368) , not
on ly taxonomi cally, but also in their size and ecology,
in spi te of strong similari ties in habitat characteristics.
We did not detect an y clear re lations hip bet ween
bicdiversity pattern and hab itat parameters . No evi
dent guano invertebrate divers ity patterns was found
linking gu ano community struc ture or composition

with the sp ecies (bats or swi ltlets ) produ cing the
gua no. Thi s resu lt is in line with the large tro ph ic
requirem ents o f mo st guanO- inha biting species .
l t is humidi ty, age of the guano and con tinu ity of
gua no piles over the years that seem to play th e
essent ial roles in st ru cturi ng guano assemblages.

Some of the most abundant guanobionts, though
de void ofadaptations to su bterranean life, were neve r
encountered outs ide caves (e.g. Cambalopsidae mil
lipedes and Tenebrionidae bee tles ) , while others
(e.g. the sp ringt ails Coecobrya aoui! and Yuuhianura
sp. ) were also present outs ide caves , but at lower
population densities.

On the who le, the fauna of the guano in Santo caves
shows obvious similari ties to that of other regions
in trop ical Asia, notably in the frequent occurrence
of nood le-mi llipedes (Cambalopsidae, here spe cies
of the genus Hypocambala), as well as in the overall
alpha-diversity patte rn (low species numbers, wi th
strong dominan ce by a few spe cies). The most unex
pected feature, thus far no t observed elsewh ere, is
the high level of beta-d ivers ity between caves and
guano piles. This may, ho wever, reflect our currently
poor knowledge of the organisa tion of inve rtebrate
guano communities in caves in other parts of the
world , rather than being truly excep tional.

FOCUS ON BLUE HOLES
Stefan Eberhard, Nadir Lasson & Franck Brehier

Whereas th e wes tern part o f Santa is characteris ed
by high and steep mounta ins of volcanic origins,
th e eas tern part has a more subdued topography
with marine-deposi ted limestones lyin g on top of

th e underly ing volcan ic rocks. As often occurs on
limestone terrains , most rainfall disappears under
grou nd into caves and few streams flow on th e
surface for any grea t distance. The und erground
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Figure 369: Location of the blue hol es of Santo Island eastern
coast. Red circles: caves. Blue circles: blue hol es. Vatvateur and
Vatvatel Blue Holes w ere not explored.

the coast. As it penetrates further inland , the wedge
of seawater is pushed deeper beneath the fresh
water lens which is thinnest nea r the coas t an d
which gradually thickens further inland . Fresh
groundwater flows along the hydraulic gradient
towards the coast where it is forced to discharge
to the surface by the underlying wedge of seawater
pushing inland. Discharge of the fresh groundwa
ter to the surface is focused at a seri es of point s
forming springs , which are sometimes formed int o
blue ho les , and from where the water continues its
course to the ocean as a st ream on the surface .

• • • Why blue holes are "blue"
As light passes through water the differen t wave 
len gths formin g th e vis ible light spectrum are
absorbed at different rat es. Waveleng ths at the red
end of the sp ectrum are absorbed preferentially
while waveleng ths a t the blu e end of the spec tru m
are least absorbed . Thus, deep clea r wa ter usu ally
appears blue . Th e molecul ar s truc ture of wa ter also
con fers a typically blu e colour ) often enha nced by
reflection of a blu e sky. Th e natural blu e colour
exh ibited by bodies of wa ter may be alte red by
dissolved substances or sus pended parti cles. On
San to, the deep spring- po nds discharge water that
is crystal clear, and when there is a clear blu e sky
overhead, the "blue hole s" are at their most spec
tacular.

• •• The blue holes: a target for the
Santo 2006 expedition karst team

Four of the blue holes were mapped and sampled
for subterranean fauna by the karst team during
the San to 2006 expedition. These were:

• Matevulu 1 and 2;
• "Trou Bleu du CIRAD";
• Nanda Blue Holes.

The blue holes mapped on Santo ranged in diam
eter from 10 to 50 m) and reached up to 19 m in
depth (Figs 370, 372 & 374). At the bas e of the
blue holes the spring water discharges from the
sandy bottom, or small caves and fissures in the soft
and friable limestone. The caves cannot be ente red
far by divers before further passage is blocked by
collaps ed rocks. Entering the caves is ex tremely
da nge rous due to the risk of si lt-out and collapse of
the so ft and friable rock. Cave diving sh ould only
be undertaken by properly trained and experience d
cave divers. For most divers th e caves are of littl e
interest and the open water in the ponds provides
the most interesting exp eri en ce with the plants and
abundant fish and animal life.

Anothe r aim of the San ta 2006 expedition was
to atte mp t to coll ect aqua tic subter ranea n fauna
from the blu e holes which may be "washed-ou t"
from deeper aquifer habitats. In this aim we were
partially su ccessful in collec ting a new spec ies of
subterranean am phipod from Na nda Blu e Hole,
ho wever we had more success in sampl ing th e

• Nanda 2 BH
• Nanda 1 BH

Matevulu 2 BH
:~atevulu 1 BH

CIRAD BH
·", Surunda BH

.'.
..

Vatvatel BH
...i Vatv ateur BH

.".

"
~

streams resurge at the surface near the coast, som e
tim es into large and deep circular po nds known as
blu e holes. Blue holes occur in similar situa tions on
lim es tone island s in the tropi cs elsewh ere, however
the blu e holes of Santo are spectacular. The blue
holes of Santo, somew ha t hidd en in the jungle but
st ill of easy access from Luganville, the main town
of Santo, are large and deep poo ls of clear water
with a beau tiful tu rqu oise hu e (Fig. 369) . Th ey
are popular with tour ists for swimming, canoe ing,
and diving . Th e blue holes are also an impo rtant
source of freshwa ter, and a habit at for many species
of plants and animals) including so me which are
uni que to the blu e holes.

• •• A brief description
Th e blu e holes are actua lly a type of spring that
d ischarges gro un dwa ter from the limestone aquifer
which is fed by rain falling in the hinterl and catch
men t. Most cave sys tems are form ed by the corro
sive ac tion of rain water) whi ch is naturally acidifie d
by carbon di oxide from the atmos phere and so il)
and that is capable of dissolving carbona te rocks
such as limeston e. Th e porti on of rainfall that is
no t lost by evapo ra tion or transpired by plants
see ps underground and recha rges th e gro undwa
ter aqui fer. Th e aq uifer forms a lens of less dens e
fresh water that "floats" on top of a "wedge " of
underlying sea water that pene tra tes inl an d from

km--o 10
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Figure 370: Topography of Nanda Blue Hole (Natawa-Santo-Vanuatu, Santo 2006 expedition).
Topographi cal plan: N. Lasson (16/ 09/2006).

20 m

deeper aquife r hab itats by pumping from th e wells
wh ich provide the villages with freshwater.

••• Nanda Blue hole
With its crystal-clear water, it is on e of the mos t
str iking blue holes on San to (Figs 370 & 371) .
Most of the strong flow comes from a crac k th at
opens close to the surface. It is a habitat for many
species of plants, fish and inv ertebra tes including
th e freshwa ter he rmit crab , Clibanarills fonticola.

• Matev ulu blue holes 1 & 2
Matevu lu is a large and deep (-19 m) poo l of fresh
wat er from which discharges a stro ngly fl owing river
tha t reaches the sea along a wind ing course. It is a
very popular touri st a ttraction and local guides offer
visi tors a swim or a pea ceful descent of the river. We
dived and mapped this blu e hole, ancl foun d a majo r
out flow of water in th e bot tom (Fig. 372) . Although
a passage could be observed , it was too narrow for
furthe r exploration. We put a net to sam ple fauna in
the outflow point of the sprin g, bu t did not capture
any sub terr anean aquatic speci es .

Close by to Matev u lu 1, lies Matevu lu 2 , which
is sma ller, sha llowe r, and with no ob vious spring
ou tflow at the bottom. However, the deep blue of
its wa ter , well hid den amo ngst a luxu rious forest ,
a ttr ac ts ma ny visitors (Fig. 373) . Diving failed to

reveal any subme rged passages in thi s hole.

~. ~~=
~ ~
~1 8,7 m

0..... 20m

East to West cross sectio n

Figure 372: Topography of Matevulu 1 Blue Hole (Matevulu
Santo-Vanuatu, Santo 2006 expedit ion) .
Topographical plan: N. Lasson (23/06/2006).

Figure 371: Diving in crystal waters of blue holes: Nanda blue
hole.

Figure 373: Matevulu 2 blue hole.
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Figure 374: Topography of "Trou Bleu" du ClRAD (Surunda
Santo-Vanuat u, Santo 2006 expedition) .
Topographical plan: N. Lasson (03/09/ 2006).

••• "Trou Bleu du ClRA D" ("CIRAD" blue hole)
It is 40 m in diameter but only reaches a depth of
about 3 m (Figs 374 & 375) . The spring ou tflow
occurs at several po ints along one sid e of the hole,
one of which is just large enough to be en tered
by trained cave divers , however the passage soon
becomes too narrow after only a few me ters . 'Ne
sampled for fau na inside this cave and co llected
several species whi ch had obviou sly origina ted
from nearby surface wa ters.

•• • Why are the blue holes important?
Th e blue ho les on Santa are a sp ecta cu lar na tura l
feature popular wit h locals and tourists for sw im
ming and diving. Th ey are an im portant source
of fresh water, as well as a habitat for pla n ts and
an imals , including som e rare and significan t spe
cies such as the freshwater hermit crab , Clibanarius
Jonticola, known on ly from Nanda an d Matevulu
Blue Holes . Hence it is important to pro tect and
conserve th e blue holes from an y human activity
th at ma y thr eat en them .

Possible th reats to th e b lue holes inc lude po llu 
tion or eu trophica tion in the spring-lak es or th e
groundwater which feeds them. Po llu tants may
enter th e lakes d irect ly, or less obviously, by flow
of gro u ndwater originati ng in the hinterland ca tch
ment areas . Eu trophication is an increase in che m
ica l nutrients containing nit rog en or phospho rus ,
whic h typ ica lly origin at e from human sources suc h
as fert ilisers , sevvage, etc . Lak es subject to eu trophi
cation typi cally exp eri ence exce ssive algal blooms,
resulting in poor water qua lity including lack of
oxygen and severe reductions or death of fish and

The Natural History of Santa

Figure 375: "ClRAD" blue hole.

other animal populations . The re is some evidence
th at eu tro phication has already impacted ClRAD
Blue Hole (Fig. 37 6) .

Another possible th reat to the blue holes may be
tourism , if visitors and visitor impacts are not care
fully ma naged and monitored . Visitor impacts may
include for example, trampling and dam age to veg
etation, disturbance of habi tats and animals, po llut
an ts (e.g. su nscreen) and ru bb ish. Th e cumulat ive
impacts of visi tors over many years may lead to grad
ual degradation of the natural and aes the tic qualit ies
wh ich visito rs come to see , and ul tima tely lowering
the value to tourism of the blue holes. Thus , tourism
at the blue holes needs to be carefu lly managed and
monitor ed , so that future gene rations can continue
to appreciate and enjoy them in pristine condition .

Figure 376: Eutrophication of the CIRAD blue hole.
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FOCUS ON THE LOREN CAVE
Franck Brehier, Stefan Eberhard & Nadir Lasson

Figure 378: On the oth er side of Sump 1.

Figure 379: Stefan Eberhard and Nadir Lasson emerging from
Sump 1.

In this gallery, the height above the water is around
4 m whe reas the depth reach es -8 m. The secti on is
narrow above th e wa ter but wider below. Th e walls
are very sharp due to intens e dissoluti on , and there
are almost no accretions . Ano ther "dry" gallery of
som e 150 m ends up in a rest riction on one side,
and in a sump that connects with Sump 2 on the
othe r side. Sump 2 is 150 m long and -10 m deep
and emerges in a 5 m air-bell. Sump 3 begins just
behind this. It has been exp lored for 190 m and
down to a maximum dep th of -28 m (Fig. 380) .
Expl oration at the furth est point is completed , but
several othe r sid e passages were not explored to
a definite conclusion . In total , more than 1 km of
cave passage were surveyed, of wh ich more than
700 m was submerged and explorable only by
diving. Th ere are still opportuniti es of discover
ing further passages throughout the cave system,
espec ially in Sump 3.

.•
.
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Loren
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Figure 377: Loren Cave location.

One of the main goals of the "Karst Team" was
exploration and sampling of anchialine caves, sinc e
these unusual and special caves, situated close to
the coast and und er the influ ences of both mar ine
and fresh wat ers , are well know n in other places
for their high diversi ty of rare and relict species.
In 2005, a major reco nna issance effort was put in
to locate su ch caves , but only one site, Loren Cave
(Fig. 377), proved promi sin g enough for further
exploration and samp ling in 2006 . Throughout the
month of September 2006, a team of cave divers
and cave biologists explored and sampled Loren
Cave, which proved to be an extensive anchia
line cave syst em con rain ing several significant and
interesting sp ecies of aqua tic fauna.

• • • A brief description
Loren Cave (14°5 8.850'S ; 16J0 03.553'E) is situ 
ated on the eas t coas t of Cape Que iros (No rthe rn
San to) some 30 m from the coas tline. The en trance,
2 m wide by 1 m high , leads to a wide chamber
occ upied by a pool of wa ter. From there a sma ll
gallery leads to Sump 1 (Figs 378 &. 379) . Thi s
gallery is 60 m lon g and -6 m in depth, and has
a restriction (altho ugh enla rged during the first
explorations in 2005, the passage is still narrow).
Behind, a 100 meter-long gallery leads to Sump 2.
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Figure 38 1: Salinity profile of Loren Cave showing halocline and mixing zone.

...-- Halocli ne

Halocline

Beyon d the first sump, traps were placed and retri eved
by the dive rs and these produced more shrimps and
crabs. Several specimen of Macrobrachiwll er microps
were caugh t in the traps , most of them in the deeper
and more saline wate rs. Hand-net samp les were also
taken by the divers and sampling was performed to a
depth of 28 m, int o the deep saline wa ter below the
haloclin e. These deep samples caugh t one spectacu
lar copepo d (see "Focus on the anchia line faun a").

(Fig. 383) : sma ll cra bs (provisiona lly identified
as Orcovita sp. and Laubuanium trapezoideum by
Peter Ng) , and shrimps belonging to the families
Palaem on idae (two spe cies) and Atyidae (three
spec ies) . Th e presence of large shrimps in the tra ps
ca n be problematic since th eir frenzi ed feed ing
movem ents can damage each other and th e smaller
ani ma ls tha t have been attracted in to the traps.
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Deep into th e cave we laid baited traps in
the first cave lake (Fig. 382), which were left
in position at dep ths from abou t 5-7 m, for
between two an d four days . In these traps
we caught numerous decap od crustaceans

• •• Biology of Loren cave
Catchi ng aquatic animals in flood ed caves
can be difficul t. One successfu l method is to
use pla sti c traps bait ed with dried meat or
fish . Cave fish and crus taceans use th eir well
develop ed che mosenso rs to home in on th e
odour trai l diffusing out from the bait in to
the cave lake.

• • • Loren Cave: an anchialine cave
Loren cave has all th e cha rac teristics of a tru e
anchia line cave : it has a superficial fresh wat er layer
which gradually increases in salinity with increas
ing depth and eventua lly approaches the salinity
of sea water. Th e sa linity of seawater is about
35 ppt (pans per th ou sand). Salin ity was measured
throughout th e wa ter co lumn in the third sump of
Loren Cave by co llec ting water samples at discrete
depths th en measuring th e salini ty with an Oaklon
tes ter kit. A first ha locline can be observed in th e
first few meters of the water column , depending on
th e tide level and distance into the cave. In Sump 3
there is a first weak haloclin e a t approx ima tely
8-10 m depth , th en a second abru p t hal ocl ine at
25-27 m de pth whe re th e sa lini ty jumps from 10
to 28 ppt , near full seawater (Fig. 381). Associa ted
wi th the halocl ines are s light tem pera ture gradients
(therrnoclines) from 24-25 cc. There are ma rked
tidal influences in Loren Cave -with an
estimated ampli tude of abo u t I m observed
near the entrance- and tidal flow is evident
throughout the cave.
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Figure 382: The cave diver and cave biologist Stefan Eberhard
retrieves traps laid in the deepest part of Loren Cave, at a depth
of -28 m.

During a last dive in the deepest parts of the cave,
several amphipods were seen swimming in the water
column, but unfortunately the divers were un able

Figure 383: The cave divers and cave bio logists Stefan Eberhard
and Franck Brehier looking at just- caught decapods between
Sump 1 and Sump 2.

to catch them. A fish of th e sam e species as th ose
at th e ent rance, but partl y dep igme nted, was also
caug ht.

FOCUS ON ANCHIALlNE FAU A
Geoff Boxshall, Darnia Jaume

Around the coas tal zone of tropical and subtropi
cal islands like San to it is possible to find flooded
mar ine caves , parti cularly in karstic areas that rep
resent raised fossil coral reefs. Some of these flood ed
caves show a unique layering of the wa ter wi thin
them , and have a sur face layer of fresh wa ter sit
ting above a deeper layer of dense salty wa ter that
penetrates through the porous rock separa ting the
cave from the adjace nt sea. Habitats whi ch have
this doubl e layer o f fresh water on top of sea wa ter
are known as anchialine habitats and they tend to
be inh abit ed by unusual organisms. On San to we
found onl y on e such habitat, Loren Cave, located
just South of the village of Lotoror. Loren Cave has
man y of the charac teristics of a true anchialine cave:
it has a super ficial fresh water layer whi ch overlies a
deeper seawa ter layer. There is also a marked tidal
effect - with tidal rise and fall of about on e meter,
and there seems to be considerable exc hange of
water during the tidal cycle. The ph ysical cha rac ter
istics of the cave and the structure of the wa ter col
umn of this cave system are described in the earl ier
text "Focus on the Loren Cave".

Cave lakes in an chialine caves are inhabited by
unique organisms that have become accessible for
study only sin ce th e advent of specialized cave div 
ing techniques and equipment (Fig. 384).

Caves are extreme en vironments for aq ua tic
organisms for several reas ons; firstl y th ere is no
light , so th ere is no photosynthesis by gree n
plants . This means th e only so urces of ene rgy
to suppo rt th e com m unity o f organisms in th e
cave lake are either ba cteri al p rodu ct ion or th e
in flow of organic material carri ed into th e cave
in th e in Oowing water. These sources of ene rgy
usu ally canno t support dense populati ons of an i
ma ls . Secondly the layered water colum n is often
cha rac ter ised by low oxygen lev els , especially
in th e deeper marine water layer, and oxyge n is
required by most organisms for thei r normal res
piration . Animals adapted for life at low oxygen
levels typi cally do not survive we ll ou tside of
these co nd itions. So aquatic animals th at are cave
ada p ted , oft en have highly locali sed or restrict ed
distribut ion patterns.

Anchialine organisms are high ly sp ecializ ed yet
ma ny retain extremely primitive featu res and
som e, especially those living in and aro und th e
Caribbean region, have been classifi ed as livin g
fossils . Specializations that are com mon in anchia
lin e animals include loss of eyes, enhan cement of
chemose nsory systems, tolerance of low oxygen
levels and physiological adaptation to ex treme ly
low ene rgy systems.
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Figure 384 : Member of cave diving team in Loren Cave

preparing baited traps before divi ng.

Just inside Loren Cav e is a shallow poo l of fresh
wa ter whic h is dim ly lit by light from th e cave
entrance . It conta ined a few shrim ps belon gi ng
to a crus tacean genus called Macrobrachium. Its
Latin name mean s "long ar ms" and this s hrimp has
the most amazin g elongate claws , often brightly
coloured . Th ere are more th an 200 species of
Macrobrachiw11 known and they ca n be found in
warm trop ical and subtro pical fresh wat ers around
the world . In add it ion to so me small fish , wh ich
were not cau ght , the pool co nt aine d some other
small crustaceans known as copepo ds . These are
tiny relatives of th e shrim ps and cra bs, but the ir
adult s ize is often only one mi llirneter or even less
(Fi g. 385). The pool co n taine d cope po ds belo ng
ing to the genus F-Ialicyclops. The nam e F-I alicyclops
refers to the fact that these species prefer to live in
very slig ht ly sal ty wa ter (k no wn as brac kis h water)
an d tha t they belong to the group typified by
Cyclops, the mythica l mon ster wi th on ly one eye.

F-Ialicyclops species, like most copepods , have only
one eye , a tiny spot located in the midd le of the front
of their heads . The eyesp ot is a simple struc ture
w hich on ly allows the copepod to detect light an d
dark , but enab les them to see a predato ry fish by its
passing s hadow and to mak e the approp riat e escape
reac tion s . Hali cyclops frequent ly swi ms away from
the bottom of the pool and up in to the water. This
behaviour helps to dis tinguis h Hali cyclops from the
harpact icoid copepods wh ich wer e present in the
same po ol Harpactico ids hav e elonga te slender bod
ies with sh ort an tennu les and move rapidly over the
sediment and ston es on the fl oor of the pool, rarely
venturing up in to the wa ter. Harpa cticoid copepods
typically con sume small particles of organic material
that they find in the sediment ; so me scrape off and
feed on the film of bacteria that is present on the
surface of sediment parti cles.

Using bai ted traps laid in the cave lake we caug h t
nu merous larger cru s tacea ns , ma inl y cra bs and
sh r imps , which were attract ed to th e s mell of
th e bail. Two k inds o f cra bs were found in the
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Figure 385 : Copepods are very small and it is best to pick
them out from samples while they are stil l alive, using a field
microscope.

submerged passages of th e cave, a species of Orcovita
and LaubclClniwi1 trapezouieurn bot h provis iona lly
identified by Pro fessor Peter Ng, a cr ab expert
from Singapore. There was also a surprising var iety
of shrimps species present; we fou nd a t leas t two
species of the famil y Palaem onidae and three more
species of th e family Atyid ae. Cave sh rim ps typi
cally have extre me ly long anten nae w hich are su p
plied with sensors th at allow th em to de tect traces
of chem icals as well as mech ani cal d isturban ces in
the water caused by swimming of ot he r organisms.
They use these se nso rs to find their food and to
detect possib le predators.

Th e divers also swa m holdi ng han d-nets and co l
lected samples down to a maximu m dep th of 28 m,
into the deep saline water below the haloclin e (the
zone o f rap id sa linity cha nge marking the bounda ry
be tween the upper freshwa ter and lower seawater
layers ) . In the deep samples we found a single ad ult
male copepod nearl y 2 mm in length , belonging to
the order Calanoida. Calan oid co pepods domina te
the plankton community of the wo rld 's oceans and
this male is a member of th e fami ly Centropagidae.
Centropagid copepods, parti cularly those belonging
to the genus Centropages, are common in shallow
coastal waters around the worl d but members of
some other genera in the same family have colonised
freshwater habi tats in Australia an d Sou th Amer ica.
The male we found in Loren Cave represent s a new
species of the ma rine genus Centropages (Fig. 386) ,
most closely related to species desc ribed from
Australian waters. Thi s is the very first Centropages
to be fou nd in an an chi aline cave , and it is an inter
esting discovery as it leads us to co nclude that this
Centropages p robably colonised Loren Cave from the
coas tal wa ters surroundi ng Santo.
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Centropages copepods feed on small parti cles like
single celled algae and protozoans whi ch they
detect in th e water and catch by grasping them
with the ir finely branched mouthpar ts .

They typ ically have long paired an tennules armed
wi th fine se nsitive hairs (setae) for detecting their
food as well as for de tecting th e vibrations made by
po ten tial preda tors , such as swi mming fish. This
male has asym metrical an tennules , with the left
hand antennule normal bu t the right one m odified
for gra sping onto the female during ma tin g.

Abou t 50 m awa y from the entrance of Loren
Cave is a small pool into which an ac tive spring
discha rges wat er. Altho ug h it is about 30 m from
th e sea , at high tide the water flow is grea tly
reduced and the wa ter is slightly brackish (3 .2
part s per thousand). As well as being indirect ly
connected to the sea , this pool is pr obably also
connected to the Loren Cave syst em . Th e floor of
the po ol is formed from coarse coral rubble and it
is surrounded by trees. Samples taken by passing a
hand net through the wa ter in the pool (Fig. 387)
and brushing it firm ly across the su rface of the
s tones con tained a small amphipod shrimp , in
large numbers . Amp hipod shrimps are typica lly
flattened from side to side and can be found on
and under rocks and stones in most freshwater
hab itats arou nd the worl d. Th e species found he re,
belongs to the fami ly Sebidae and was described as
Seborgia sanctensis in 2009.

The adult female of the new Seborgia species
(Fig. 388) is just less than 2 mm in length .
Specimens were observed alive under the stereo
microscope in th e field labor ator y and we found
that th e animals moved ven tra l side down , not
upside-down or on on e side. This pos ture is qu ite
unusual for an arnphipod , more closely resembling
a typical isopod du e to the ir sligh tly do rso-ven trally
depressed body. Th e females also tend ed hold the

Figure 387: Fishing for tiny amphipod and tanaid shrimp s using
fine mesh plankton nets in the pool near Loren Cave.

hind end of the body (the pleon or abdomen ) ben t
for wards underneath the an terior part ( the pereon) ,
giving the animal a short and "tail- less " appear
an ce wh en seen in dorsal view. Fema le amphipods
carry their developing embryos in a marsupium, or
brood pouch , located vent rally under the body, an d
in this species each bro oding female carr ied only
two em bryos in its brood pouch.

The biogeograp hy of Seborgia is remarkable. Even
tho ug h this genus d isp lays an extremel y broad but
d iscontinu ous distribution , its members live on ly
in sub terranean waters . The ten sp ecies known
thu s far appear sca ttered in ver y localised sit es
across tro pi cal-subtropical lati tu des , stret ch ing
from an in land aquifer in Texas (USA) to an chia
line habitat s of the Andaman Islands, Vietnam , the
Salomons, Loyalty Islands and Vanuatu . In trying
to understand th e distribution pa ttern of th ese
species , we assume that the y were all derived from
shallow-wa ter marine an cestors and that the y ar e
unable to disperse across wide and deep oceani c

Figure 386: The adult male of a new species of Centropages -a calanoid copepod- wi th inset figure showin g one of its specialised
mou thparts used for catching the small parti cles that it feeds on. (Drawings by G. Boxshall) .
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Figure 388 : Side view of an adult female of the new species of tiny amphipod shrimp Seborgia, coll ected in the pool near Loren
Cave. This female is 1.9 mm long. (Drawing by D. Jaume).

basi ns or continental sub terran ean waters . Th e
fact th at th ere are spec ies located arou nd th e Gulf
of Mexico occ upying areas not covered by th e sea
at least since the Late Cretaceous , shoul d be sug
ges ts th is genus has an ancient origin . However,
th e exis tence of several species in the Indo-West
Pacific leads us to infer th at the origin of th e genus
is even older, perhaps Early Cretaceous, pr ior to
the openi ng of th e Atlanti c, whe n th e fragm enta
tion of the an cient , sh allow-water Tethys Sea co m
men ced . This vanishe d sea once connec ted th e
South West Pacific th rough to the Caribbean Sea ,
and separa ted th e former northern and sou the rn
supercoritinents of Laurasia and Gondwan a. Its
sh ores were probably already populated by mem
bers of the genus Seborgia. I t leads us to su ggest
that modern members of Seborgia are probabl y rel
ict s of this an cient tropical sha llow-wate r faun a .
Living in this same pool we re many tan aid shrimps.
Tan aids are small sh rimps which, like th e arnphi
pods are characterised by having a ventral marsu
pium or brood pouch , with in which th e fem ales
carry th eir eggs and deve loping young. Tan aids ,
desp ite bein g so small (2-3 mm) , ha ve interesting
sex lives with each adult mal e attempting to ga the r
togeth er a harem of numerous femal es wi th whic h
to mate. In the po ol th e tanaids lived with in a

thick blackish mat of algae or filam entous bacteria
that coated th e surface of th e subme rged s to nes .
Tan aids are rarely found in non-m arine wa ters so
this is an u nu sual and interesting discovery.

Loren Cave and its nearby pool cont ained a fasci
nating aqua tic fauna includ in g seve ral species new
to science. In th e dr y passages of the cave deep in to
th e cave we also found a terrestri al crab (Discoplax
longipes) which was eve n tually caug h t by hand . Its
name refers to its relatively long legs (Fig. 389) .

Figure 389: A terrestrial crab Discoplax longipes was found in
dry passages deep inside Loren Cave.



Biata af Santa

FOCUS ON BATS
Vincent Prie

Bats are the only nati ve mammals from
Vanua tu (marine spec ies exce pted) .
Based on lit erature an d recent obser
vations , twelve species are kno wn

from Sant o (Tabl e 32 ) . Despite th e insularity con
text , the bat fauna ex hibits low ende mism levels:
bats are success ful colonize rs and species are gen
erally widespread in vast biogeographic reg ions .
Santo sha res mo st of its bat fauna with neigh
bouring islands: Papua New Guinea and Solomo n
Isl ands, Fiji, New Zealand , New Caledo nia and
No rthe rn Australia. Neve rthe less , San to hosts two
Vanu atu endemic species (Vanu atu 's flying fox and
Bank 's flying fox) , and two near-endemic species:
th e Fijia n mastiff bat , restricted to Vanua tu and
Fiji Islands and the Long-tai led fruit bat found
on ly in Vanuatu , Fij i an d New Cale donia.

Th ese endemic and near-endemic spec ies are more
vulnerable than wides pread spec ies because their

habit at is more reduce d and a sing le event such as
a natural or a human ind uced disaster can affect
the whole individuals. The Long-tailed fruit bat
and Banks flyin g fox are cate gorized as vu lner
able in the IUCN Red List. Although more wide
sprea d , Polynesian sheath-tailed bat is cons ide red
endange red in the IUCN Red Lis t. A striking fact
for a naturalis t use d to tem perate countries is the
abundance of common species (Fig. 390) . Almost
any cave visited by the Karst team during the Santo
2006 expedition wo uld host colonies of bats , so me
tim es huge on es ho using several tens of thousand
of in dividuals. To some ext en t, the abundan ce of
bats in caves wou ld make spe leological progress
difficult because of collisions with flying bats or
dan gerously thick gua no piles . Bats can be detected
at any time and in any plac e at night in Santo with a
ult rasound det ector. Although disturbed by human
activities and int roduced species, Santos ecosys
tems still support important bat populations.

Table 32: Bat species' checklist for Vanuatu and IUCN Red List categories (*: Vanuatu end emic species) .
lR: low risk. le: least concerned. VU: vulner able. EN: endangered.

PTEROPODIDAE

Vanuatu flying fox Pleropus onelionus Gray, 1870*
-- --- -
Banks flying fox Pleropus tundatus Felten & Kock, 1972 *

---

Insular flying fox Pleropus longonus Quay & Gaimard, 1830
--- -------

Long-tailed fruit bat Nolopleris mocdonoldi Gray, 1859
---

HIPPOSIDERIDAE

Trident horseshoe bat Aselliscus Iricuspidolus (Temminck, 1835)

Fawn horseshoe bat Hipposideros cervinus (Goul, 1854)

VESPERTlLlONIDAE

Large-footed bat Myolis adversus (Horsfeld, 1824)
---

Little bent-wing bat Minioplerus ouslralis Tomes, 1858
- -- - ---

Small melanesian bent-wing bat Minioplerus macrocneme Revilliod , 191 3

NyClophilus sp.
-------

MOLOSSIDAE
-----

Fijian mastiff bat Choerephon bregullae (Felten, 1964)

EMBAlLONURIDAE

Polynesian sheath-tailed bat Emballonuro semicaudala (Peale, 1848)

- 1-

lR/1c

VU
~

lRJIc

VU

-- -
LR/lc

- -
LRJIc

-- -

LRjlc
--

LR/Ic
- -

LR/lc

....,

I.Rlnt
---

--

EN



• •• Bats in caves
Bats preferably roost in dry caves . This could be du e
to flood risks in river-flowing caves. Almost every
dry cave in San to hos ts bat colonies (Tabl e 33) .
Colony sizes range from a few hundred to abo ut
50000 individuals for the largest ones (Fig. 390) .

The importance and extent of bat colonies in Santo
give them a key role in subt erra nea n ecosystems'
fun ctiona lity. While aqu atic subterranean ecosystems
rely mainly on water's infiltration to bring in organic
matter, dry caves are very poor in nutrients unl ess
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colonies of bats roost there. In such caves, the only
organic income would come from guano and dead
corpses . Indeed , bats guano can form hu ge amou nts
of several meters deep in some caves (Autabelchiki
in Aore Island for instance) . Th is huge amo unt of
organic matt er supports diversi fied and highly specia
lised life form s: springtails, millipedes and insects are
often found feeding on guano or bats corpses.

• • • Methods
Several methods were used for the inv entory of
cave dwelling bats in Santa : direct obser va tion

Table 33: Record of bats and birds in caves explored dur ing the Santo 2006 expedition.
(X): less than 100. XX: > 10000. XXX: >50000. ?: may be present but hasn't been formally ident ified.

Site name Bat H. A. M.a. M. C. Swiftletscolonies cervinus tricuspidatus australis macrocneme bregulae

Sarabo 1 (Luganville) XXX XXX XXX X
-- ---' ---

Sarabo 2 (Luga nville) X X (X) X
- - ---Autabelchiki (Aore) XXX XXX XXX X (X)

-- - -

Amarur X (X) (X) X X)
- -- - ----

Fioha X (X) X (X) (X)
-- - -- , '--- -
Rotal XXX XX XX 7 X-- ,- - -
Fapon (Butmas) X X X-- --i
Vobananadi (Malo) XXX XXX

- ------'- fjI ---
Riorua (Funafus) X (X) X X

- - --!

Kafae (Funafus) X X ,

----- i'----- --
Millenium Cave X X X

--- ,
Cape Cumberland Cave X X

----l ; --
Silova (Akari) XX X X

1---- - ~--

"Puits sa ns Nom" (Butmas) X X X
------t I' --- - -- it

Amarirua (Malo) X X X X
- , -- •

Lemeloc 3 (Port Orly) XXX XX XX

Yekavon X I

--j - ~

! I:
-

Yet Veun X X X
I.- -

Luvuth Yet (Port airy) x X It- - -
RaJa (Aore) XX X X X

- - -
Gouffre Lavav (Loran) X X
---- ---~ -

Sanuarav X
f-------- -

Tarlisengo (Malo)

I •Mba X X X
- li -

Tari Boi X

~
-

[l
-

Lori (Kole) X
I; --

Ukupo (Tasiriki) X
~ - -- -- _.-,

Santo Cave (Butmas) XXX
1I- ...

Patunar (Funafus) X 1I X
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Figure 390: A huge colony of Little bent-win g bat in the island
of Aore.

(mostly in caves) , captu re and biometry, echoloca
tion recording and gene tic studies . All m eans have
been pu t together in .

Di rect observation was used to inventory bat co lo
nies in caves . It is difficu lt to estimate the number
of indivi dua ls in a colony : mos t colonies reached
sev era l thousands individuals , many of them fly
ing during the time of observation. As a resu lt ,
the numbers given here are only rough estimates.
Biometry datas include for earm and tibia lengths ,
tak en in th e field . For each species, pictures were
taken wi th a digital camera. These include head side
and win g, in ord er to me asure the length of eac h
finger bone with accura te morp hometric software .
Echo loca tion ca lls were recorded as la tim e-ex
panded sig nals with a Pe ttersson D240x ultrasound
det ector and a MiniDisc recorder, Time exp ansion
records allows to play the recorded sou nd la time
slower, thus la times dee per and audible to human
ears. Signals were subseque nt ly re-d igi talized wit h
the software BatSound 3.3 1 at a sampling frequency
of 44 .1 kH z 06 bi ts per sample).

• •• Species accounts

••• Flying foxes (PTEROPODIDAE)
Flying foxes ar e large fru i t-ea ting species that
roost in trees and lack ech olocation calls. They
are hunted for meat by na tives (Fig. 391) an d are
even so me times tamed and live aro und houses
(Fig . 392) . Among the four species fo und in San to,
on ly the Long-tailed flying fox roosts in caves.

Th e Insu lar Flying fox Pteropus tonganus is wid e
spread in the Pacific region , ranging fro m New
Gui nea to the Cook Islan ds. Three subspecies are
currently recognised : P t. basiliws from Karkar and
Koil Islands off Pap ua New Guin ea, P t. geddiei from
the Solomon Islands , Vanuatu and New Caledon ia

Figure 391: Ni-Vanuatu father and son hunti ng bats wit h
catapu lts.

Figure 392 : A tame Insular flying fox in Tutuba Island.

and P t. tonganus from Fiji, Tonga , Kiriba ti, Tuvalu ,
American Samoa, West ern Samoa, Niu e and Cook
Islands. The su bspecies prese nt in Santo is P t. ged
diei. It was recorded from sea level up to 1000 m
and was found in a variety of habitat types including
lowland , interme diate and highland forest as well as
man groves and agricul tural areas .

Littl e is known abo ut Vanuatus endemic Banks fly
ing fox Pteropus Jundatus an d Vanuatu's flying fox
Pteropus anetianus. Th e latter has been recorded
from Vatthe Conservation Area an d collec ted from
th e West coas t, Wusi village (Australian Mus eu m).



It has been observed near Kerep oa (Tabwe rnasana)
d uring the Santo 2006 expedition. Among th e six
rec ogn ised subspecies, one was de scribed from
Aore Island (P a. aorensis Lawrence, 1945 ) .

The Long-tailed flying fox Notopteris macdonaldii
is a distinctive species that occurs in Fiji an d
Vanuatu. Whereas it roosts in cave in large num
bers , it has not been found in the caves in ves tigat ed
during San to 2006. It is easily hunted in ro os ting
places an d is believed to be threaten ed in m os t
parts of it s ra nge.

••• Cav e d we lle rs an d other small speci es

HIPPOSlDERlDAE

These bats use peculiar ec ho loca tion ca lls : ca ll is
emitte d at a very high frequ ency from th e n ose ,
which ge ne ra lly has a very we ird sha pe (Fig . 393) .
The signal co nsis ts o f an high- pi tched regu lar fre
qu en cy, wi th an abrupt drop at the en d . The fu n
dam ental is filtered out while th e ha rmonics are
accentua ted, allowing bats to emit high freq uency
calls with a reasonable effort. This typ e of calls is
very directional and short ranged but gives a more
precise picture of the environment. This is co n
sistent with Hipposideridaes hunting behaviour:
th ey gen erally hunt insects in foliage or close to
th e ground.

Figure 393: Trident horseshoe bat with its typical nose shaped
for the ult rasound emission .
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Two species occ ur in Santo: The Trident hor seshoe
ba t an d th e Fawn horseshoe bat. Although th ey
can be fou nd in the same caves, they never roos t
in the same rooms. The Trident horseshoe bat is
o ften seen together with the Small bent-winged
bat , while the Fawn horseshoe bat is found alon e,
or with the Sma ll melanesian bent-winged bat.

Trident horseshoe bat
Asellicus tricuspidatus

As its n am e sugges t, this species ex hib it a cha rac
ter ist ic nose with th ree cuspids . "A-sellicus" mean s
"withou t a sa dd le", a reference to th e typi cal "sad
dl e" th at cha rac terises Hipposideridae's nose. The
hair is ginger. It is a small speci es , with forearm
abo ut 4 2 mm (4 1.3-45) and tibi a 16 .0 mm (I 5.0
17 .0) . It is kn own from th e Pacific Islands on ly,
from Van uatu to New Guinea.

Trid ent horseshoe bat is found in most caves in
San to , w ith co lo nies o f severa l thou san d in dividu 
als . Fema les ar e pregnant in October, give bi rth in
December an d are lactating from Mar ch to May. In
th e San to 2006 expedition, individuals were pa ire d
in Aor e in late September (Fig. 394 ), when repro
ducti on probably takes place.

Figure 394: Trident horseshoe bats looked paired in Aore in
late September. This could be premises of mat ing period .

Fawn horseshoe bat
Hipposideros cervinus

Less com mon than the previous one, bu t has been
fou nd regularly in caves. It is larger tha n Trident
h orseshoe bat: forearm 48.5 mm (47.5-49 .3), tibi a
21 mm (20-22 ) and easily distinguished by it s sim 
pl e nose leaf (Fig . 395). The species occurs from
northern Aus tra lia to the Philippin es , Ne w Guinea ,
Born eo , Su rna tra and Sul awesi . Coloni es of hun
dreds of individuals h ave been obse rved in San to ,
together with Small Mel anesian bent-wing ba t.
Juven iles are found from Januar y to early March .

.J Ig ·
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Figure 395: The simple nose leaf of the Fawn horseshoe bat
allows emission of very high-pitched calls (up to about 150 kHz).

VESPERTILLIONlDAE

Large footed mouse-eared bat
Myotis adversus

The on ly mouse-cared bat known from San to, it is
widespread, ranging fro m Northern and East ern
Australia to south-east Asia (Malaysia and pos
sibly Vietnam) and fro m Malaysia to New Gu inea
and Vanuatu . It has not been enc ou ntered in caves
dur ing the Santa 2006 expe di tion but reco rds
in literature mention it from Acre Island . Some
sou nd samples reco rded during th e exprdi tion
could belong to th is species .

Large footed mouse-eared ha s a brown-grey fur
ab ove with a paler co lour below. It has conspicu
ou s large feet (m ore th an 8 mm long) , used to
forage over water and ca tch preys su ch as small
fish . Wingspan is about 28 cm. It is kn own to
roost in various sites ran ging from caves to pots
and other utensils in hou ses, ge nerally in groups
of 10-15 , close to wa ter. It is difficult to find in
caves as it retreats into deep cracks and crevices
wh en disturbed. It roosts with Bent-winged bats
and Trident horseshoe bats . Lactating females
we re recorded from June to Nov ember in Papua
New Guine a.

Littl e bent-win g bat
Minioptenfs amtralis allstralis

This species (Fig. 396) is found in Australia,
Indonesia , Philippines , and Vanu atu . It is by far
the most com mo n species of cave-d welling bat
encountered in San to with colonies of more than
50000 individu als . It is distingu ishable from the
Small Melanesian bent-wing bat by its sma ll size ,
the tibi a bein g less th an 18 mm long. In Sep tember,
individuals were not sexually ac tive . Pregnant
females have been caug h t in November.

Small Melanesian bent-wing bat
Minioptems macrocneme

It is qu ite similar to the previou s spec ies bu t is
distingui sh ed by its larger size, with tibia over
18 mm lon g (Tabl e 34) . It occ urs in Indonesia,
Papua New Guinea, Philippines , Solomo n Islands ,
and Vanu atu . Colonies are smaller than those of M
australis and less frequen t.

Figure 396: Little bent-wing bat resting during the day.

Table 34: Biometry of Little bent-wing bat and Small Melanesian bent-w ing bat.

Forearm (mm) Tibia (mm) J
Species Mean Min Max N= Mean Min Max N=

M. o. oustro/is 37.5 36.3 40 128 15.6 14.5 17 85--- f----- --- - -

Mmocrocneme 42.5 41.3 43.5 22 19.4 18.6 21 22
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Nyctophilus
Nyctophilus sp.

A specimen probably b elonging to the Grea ter
Nyctoph ilus Ny ctophilus timoricns is (Geoffroy,
1806) , a widespread species fou nd from Aus tra lia
to Papua New Guinea , has been ca ug h t during
th e Santo 2006 ex pe d ition near th e Tab wern asan a
summit. Th is is th e first record o f the ge nus
Nyctophilus for Santo.

MOLOSSlD AE

Fiji an mast iff bat
Chaerephon brcgullac

This molossid was formerly classified as Chacrcphon
jobcnsis and thought to occur from the Solo m on
Islands to Australia. C. jobcnsis has recently b een
sp li t into three separate species, based on bi o
che mical analysis: C. jobcnsis (Aus tra lia), C. solo
monis (Solom on Islands) and C. breguiuu: (Vanua tu
and Fidji Islands) , based on molecular an al yses .
However, ind ividua ls measured in San to during
th e 2006 ex pe di tion are m uc h sma ller th an the
biornetry given in litera ture for in dividu als from
Fiji Islands (Table 35).

Th e Fijian mas tiff bat is the only mo los sid bat fou nd
in San to . It is cha racteris tic with its strong muzz le
and ears pointing forward . 11 is a high flying spec ies
and th e wings are lon g and nar row (Fig. 397).

Very few roost sites are kn own . In San to , th e species
is known on ly from Mill enium Cave , Riorua Cave,
Kafae an d Amarirua Cav es in Malo Island. Sexu all y
ac tive ma les have be en observed in September in
Riorua Cave. You ngs ar e proba bly born arou nd
December, fem ales are lac ta ting up to Ap ri l whe n
th e yo ung are abo u t to be weane d . C. bregullae
individuals bear hundreds o f aca rid parasites th at
fall like ra in from th e colony whe n disturbed. As in
Fij i, na tives use to coll ect hundreds of specimen for
meat. In Riorua, custom harvest ing is done with a
fire lighted under the col on y. Bat s seem to coll apse
from th e fire smoke and are caug h t by hand . Peop le
from Funafu estim ate tha t c. 300 individua ls are
ea ten eac h year.

Figure 397: The Fijian mastiff bat with its round ed ears.

EMBALLONURlDAE

Polyn esi an shea th -tailed bat
Embaiumura semicaudata

It ha s a wide bu t dis j u nctive d is tri bu tion that
ex ten ds from Palau a nd the Northe rn Mariana
Islands in th e western Pacific to Vanua tu , Fij i ,
Tonga and Samoa in the east. It is clearly linked
to forest habita t, whe ther natural or degrad ed and
forages in fores t unders to rey from ground level to
th e canopy.

Altho ug h preferably a cave -dweller, no colony has
bee n obs erved in San to during th e 2006 expedi tion.
Despite the relati vely preserved fores t habi tat of the
island, this sp ecies is believed to have been ex tirpated
from San to in 200 8 , acco rding to IUCN . Polynesian
shea th -tailed ba t is though t to hav e declined dras ti
cally in all its range during th e last 60 years, prob
ably du e to habitat degrad ati on by ca tt le.

Table 35: Compared biometry of Fij ian mastiff bats from Fiji Islands and from Santa.

Forearm (mm) Tibia (mm) J
• M an Min Max N= Me n Min I Max N=

C breguloe, Males, Fiji (Flannery 1995) 52.9 51.3 53. 5 1.3 20 I 22 5
- t

lC breguloe, Females, Fiji (Flannery 1995) 52.2 51.4 52.8 5 0.8 20 21.4 5
-- - ....- --~

C breguloe, Males, Santa 2006 8.9 48.5 48.7 3 17.3 17 17.8 3
--- -- . ~ - Ir 1 6 . 3~C breguloe, Females, Santa 2006 47.1 11 45.9 j 1\8 3 16.6 16.9 3



• •• Echolocation calls
The following standard measurements have been
done: Maximum energy frequency (ME), Terminal
frequency (TF), Call duration (CD), Band width
(BW) and time between calls (TBC).

••• Constant frequency calls

The main call is the result of two regular frequencies,
one at 150 and the other at 157 kHz. Sometimes, only
the fundamental is heard as a constant frequency at
78 kHz with terminal frequency at 75 kHz.
ME: 156 kHz.
TF: 121 kHz .
CD: 5.3 (4.4-6) ms.
TBC: 14 ms.

Trident horseshoe bat
Aselliscus tricusvidatus

(kHz) ••• Modulated to quasi-constant frequency calls

150

100 , \

Little bent winged bat
Miniopterus australis

(kHz)

150

50
100

o 50 100 (ms)
50 \

(kHz)

Small Melanesian bent winged bat
Miniopterus macrocneme

Quasi constant frequency calls typical from the
genus with a maximum energy at about 55 kHz.
ME: 52 kHz.
CD: 6 (4-8) ms.
BW: 40 (25-55) kHz.
TBC: 83 (50-130) ms.

(ms)200100o

Call pattern typical of bats emitting with the nose:
constant frequency with a "comma"; an abrupt
drop of frequency at end of call. Fundamental
is masked and only the harmonic is perceptible.
The fundamental can often be distinguished on
sonograms at about 60 kHz, as well as the second
harmonic at about 190 kHz.
ME: 117 kHz. When flying in a confined space, Trident
horseshoe bat can high the pitch up to 122 kHz.
TF: 96 kHz.
CD: 5.3 (3.8-7) ms.
TBC: 13-60 ms. Calls are often paired with about
15-20 ms between two calls and from 30-60 ms
between pairs.

Fawn horseshoe bat
Hipposuieros cervinLls

(kHz) 150

150

1
100

100 50

50 o 50 100 (ms)

The call is very high pitched, with a fundamental at
about 78 kHz and a first harmonic at about 155 kHz.

o 50

Typical quasi constant frequency, lower than the
previous one, as size would suggest.
ME: 36 kHz.
CD: 10 (5-13) ms.
BW: 25 kHz.
TBC: 150 (50-250) ms.
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Fijian mastiff bat
Chaerephon bregullae

(kHz)

100

about the genus Emballonura: Emballonurid bats
use the second harmonic as main call, the first
harmonic being masked. The ME could corre
spond to the Polynesian sheath-tailed bat, but it
is a modulated to quasi-constant frequency, low
and spaced.
ME: 28 kHz
CD: 12 (8-15) kHz
BW: 14 (9-21) kHz
TBC: 270 ms

50

->to '..
\

••• Frequency-modulated calls

Myotis/Nyctophilus sp.

(kHz)

o 200 400 (rns)

Only a few sequences have been recorded from
caught animals. The call is a quasi-constant fre
quency, much deeper and more spaced than that of
any other bat from Santo as size would suggest.
ME : 14-17 kHz.

80

Emballonura sp. ?
(kHz)

150

40

Some unidentified calls have been recorded in the
wild. Their characteristics cope with what is known

100
Abrupt frequency modulated calls, with a some
what "explosive" beginning and a high terminal
frequency, were recorded in forest habitat. This
type of call is characteristic of Myotis species. They
were tentatively attributed to the Large footed
mouse-cared bat Myotis adversus.
Type 1: TF: 38 kHz (37,9-38,9)

CD: 4,5 ms (3-6)
BW: 13 kHz 02-14)
TBC: 136 ms 017-179)

Type 2: Similar to type 1,
but TF higher, up to 42 kHz (N = 15).

(ms)10050o

50

FISH AND SHRIMPS OF SANTO KARSTIC SYSTEMS
Marc Pouilly & Philippe Keith

The eastern part of Espiritu San to Island is con
stituted by a coral karst, which nowadays presents
an important subterranean system with freshwater
habitats such as sinks, lakes and rivers. These spe
cific habitats increase the local diversity of ecolog
ical conditions and may be colonized by species
with ecological and behaviour predispositions to
living in lightless environment. Espiritu San to is
around 22 millions of years old, making it one of
the oldest islands of the Vanuatu Archipelago, old

enough to have led to local speciation (appear
ance of new species through a specialisation from
an ancestor) adapted to subterranean conditions.

Crustacean decapods (crabs and shrimps) are
regularly found in subterranean freshwater or
brackish habitats. Due to their ecological predis
positions, they can survive in such habitat with
or without genetic adaptation. More than 90
subterranean fish species are now described from
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arou nd the world . Directly related to the recent
increase in karst system explora tion, this number
has rise n con tinuo us ly from 1970 . Th e maj ority of
known spec ies co mes from the Asian (especia lly
China) and South American continents. However,
some species have been described from differen t
regions of the Indo-paci fic: Madagascar (three
spe cie s) , Australia ( two sp ecies), Papcuas ia ,
Malaysia, Sulawesi and Galap agos (one species in
eac h area) . Two of th e princip al fish families that
colonized freshwater habitats of Vanuatu Islands
show spec ies ada pted to sub terra nea n co nd itio ns
elsewhe re: Gobiidae (Glossogobius anharan ensis
from Madagascar ) and Eleotridae (Typhleotris
pauliani , T madagascariensis, Oxy eleotris caeca).
Many species of th e family Anguillidae (ee ls),
wh ich is also common in the Vanuatu Islands ,
are able to survive in subterranean habitats with
ou t any adaptation . It is th erefore possible that
local spe cies of Espiritu San ta Island ma y have
co lonized sub terr anea n rive rs , sinks or lak es and
developed adaptations to maintain su ch popula
tions. However, two important factors may limit
this co lon ization and, mo reover, prevent ada pta 
tion of the species to sub terr anean condition s.
Firstly, the local sp ecies have a predominantly
herbivorous diet. In ord er to survive in sub
terran ean habitats , su ch sp ecies would hav e to
shift th eir diet toward reso urces that are not
light-dependant , su ch as detritus or small prey.
Second, most of these sp ecies present a priori a
diadromou s migration cycle ( they sp end part of
th eir biolo gical cycle in freshwa ter hab itats and
th e rest in marine hab itats ) . For example, eels
are generally catadromous . They carry out their
repr oduction in the ocean, th e larvae migrate to
rive rs and, once adult , th e eels re turn to the ocean
for reproduction. On th e contra ry, Gobiidae and
Eleotridae are gene rally amphidromo us. In this
case, the sp ecies spawn in freshwater and the
free embryos drift downstream to the sea , wh ere
they undergo a plan ktonic phase before returning
to th e rivers to gro w and reproduce. A complete
shift to subterranean live would required a tot al
ch ange of the reproduction strategy and bi o
logical cycle of these sp ecies , with a shift from a
mig ration to a sedentary cycle, because subter
ran ean life requires pro fou nd morphologi cal and
ph ysiological adapta tions (regress ion of ocular
system , pigmentat ion loss , etc.) that are in com
pa tibl e wi th an oceanic exis tenc e.

• •• Study sites, material and method
Th ere are only a few records of freshwater fish and
decap ods crustaceans (cra b and shrimp) available
for Vanuatu Island . Sampling carr ied ou t since
200 0 by the Nati onal Mus eum of Natural Hist ory,
Paris (MNHN) and th e Sant a 2006 ex pedition are
under evalua tion and should rapidly improve thi s
si tua tion. Curren tly, 29 sp ecies are known from
Van uatu and 26 from San ta .

For fish, Keith and collaborators have inven toried
67 species on th e archipelago , th e majority of
which are amphidromous. Most of these species are
restricted to the lower parts of the river (altitude
below 50 m ) and in the estuarine area.

Espiritu Santa Island is the largest of the 80 islands
of the Vanuatu republic archipelago. The western
part of the island is volcanic and the eas tern part
is covered by calcareous coral that culmin ate at an
alti tude of c. 600 m. In this landscape rivers are
short and steep . Only the bigger ones (Sarakata,
jourdain) present a lower part with a small alluvia l
floodplain .

During the Santa 2006 expedition we sampl ed
different karst freshwater aquatic habitats (rivers,
sinks and blue hol es) to identify crab , sh rimp and
fish species that colonize these habi tats, and to
look for evidence of subte rra nea n adap tations. \"le
carr ied out a compara tive sampling of the aqua tic
fauna (fish and decapods) of superficial (EXT)
and subterran ean (lN T) freshwater aquatic habitats
belonging to four systems :

• Fapon system (Bu tmas region): river upstream
of Fapon Cave (EXT) and in the Fapon doline
(lNT);
• Amarur system (Nambel region); Amarur
River in the cave (l NT), at the resurgence (EXT)
and downstream near Nambel village (EXT) ;
• Patunar sys tem (Funafus region) : river in
Kafae Cave (lN T) , upstream (EXT) and down
stream (lNT) of the Patunar doline, resurgence
(EXT) and downstream reaches at altitudes of
90 m and 15 m;
• Fioha syst em (Funafus region): Fioha River in
the cave (l NT) and at the resurgence (EXT).

Figure 398: Electrofisfing in the subterranean river of the
Amarur Cave in Santa, during the Santa 2006 expedition .
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No fish or decapods species cap
tured or observed s howed clear
evidence of s trong adap ta tio n to
subterr anean con d itions (dep ig
men tatio n , oc u lar system reg res 
sion) . Sh rimps, especiall y of the
famil y Atyidae, sometim es showed
pi gm en ta tion differ en ces be tween
individuals cap tured in superficial
and in sub terranean riv ers . However
theses d ifferences fade wi th the co n
serva tion of th e specimens , so tha t
it is likely that they correspon d
m ore to a res p onse to light st imu lus
than to a gene tic differen ce. On ly
few individua ls of Atyidae captured

Glob ally,a t hi gher alti tu des (» 50 m)
rivers presen t a high abundance of
sh rimps and only a few fishes « 10
ind ividuals/lOO m-) . This tendency
is reversed in rivers at low alti tudes
and in hab itats near th e estuaries
(blue h oles an d river m ouths) .

Decap ods are represented b y two
s h rim p fam ilies , Pal a emonidae
(ge nus Macrobrachium) and Atyidae ,
and on e crab fam ily, Grapsidae.
Macrobrachium shrimps are wi dely
distrib ut ed in the Pacific region and
eight species are present on San to
Island . As for fish, species richness
decreased wi th altitu de a nd th ere
are on ly two or th ree species th at
colonize the rivers above a n altitude
of 50 m .

• • • Results
The kar stic rivers of Espi ri tu San to Island are colo
n ized by 20 fish species , belonging to 10 differen t
famili es (Table 36) . The mos t d ive rse famil y ( tha t
showing th e hi ghest number of species) is Go biidae
(F ig. 399), represented by ni ne ge nera and 14 spe
cies . Eleo tridae is th e seco nd most di verse fam
ily, with four genera and six species. Th e fam ily
Poecilidae is only represen ted by Gambusia affinis,
whi ch is a no n -n ative species introduced for m os
qu ito co ntrol.

Family Genus Species >SOm Subterranean

Fish

Ambassidae Ambossis 1 0 0
- f-

Anguillidae Anguil/a 2 I 1
- " f--

Eleotridae Bu/is 1 0 0
.;

Efeotris 1 0 0,-
Hyp-eleotris 2 0 0

-
I Ophieleotris 2 0 0

I Awaous
I ~

Gobiidae 1 0 0
-- - --

Lentipes 1 1 0
1..-

PsammogoblU 1 0 0
- - -

Redigobiu 2 0 0
-r -

ISChlsmatogoblUs 1 0 0

ISicyopterus 2 1 0
-, ,

SiCyop1l5 1 1 0
-i - -

Smilosicyopus 1 1
--L'-

StenogoblLJS 1 0 0---
Stiphodon 3 2 0

1-- --
Kraemeriidae GobitnchlllolUs 1 0 0- ~

Kuhli idae Kuhlia 3 0 0
-- f- - - : - --

Ophichthidae lanmostotna 2 0 0
~

Syngnathidae Microphis 3 0 0

Shrimp
- --

Palaemonidae MacrobrochilllTl 8 7 3
-- - f-

Atyidae Carldina 3 3 2
~ -"Atyoida 1 1 1

Crab
-- f--- -

Grapsidae Utica 11 1 1 1

Most o f the na tive species colon ize on ly th e lower
parts of the rivers « 50 m) , or only the es tuary and
river mo u th : Ambassidae, Krae m eriidae, Ku h liidae,
Ophich thidae and Syn gn a thidae. Only th ree fami
lies (An gui llidae , Eleo trid ae an d Gobiidae) co lonize
the rivers at high er alti tude and in clu de species
typi cal of th ese rivers . Species richness dec rease

dras tica lly wi th altitude , fall ing from
Table 36: List of freshwater fish, shrimp and crab genera captured in karst systems of 30 sp ecies in river reaches below
Santa during the Santa 2006 expedition.

50 m in altitu de to eight species in
upper rea ches .

Du e to these charact eristics and difficu lti es of
access , electro fishing is lik ely to b e an effic ien t
sampling m eth od (Fig. 398). It was th e m ost used
and was so me times, when possible , co mplemen ted
by dipne ts and traps .

Most of the sampling si tes were situated at altitu de
abo ve 50 m and corresp on d to small s treams , less
th an 10 m wide and 1 m deep, with gra vel or roc k
substrate . All presen t an alka line pH (8.0 to 8.2) in
th e upper reach es and neu tra l pH (7.0 to 7.4) in
the lower reaches . Co nduct ivity in creased with the
downstream gradient from (13 0 pS .cm -l ) to salted
water . Most of the sampli ng sites had a co nduc tiv
ity between 200 an d 350 pS.cm 1 Other oc cas ional
observations were mad e in sink parts of the same
syst ems by d ivers of the Santo 2006 kars t tea m
a nd in four blue holes (Sarabo , ClRAD , Nanda and
Porpor sp ring) situ at ed nea r the ocean .
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Figure 399: Sicyopterus logocepholus. (Gobiid ae). A common
fish species in Santo freshwater rivers (male is coloured and
female drab).

present ed a strong depigmentation accompanied
by a slight microphthalmy (reduction of the size of
ext ernal ocular system) (Fig. 400).

All the aqua tic subterranea n habita ts (s inks, riv
ers and small lak es) are colonized by decapods
(crabs and shrimps) . The same spe cies colonize
both superficial and subterranean rivers (five of the
eight Macrobrachium species are present in both
conditions) . Habitats wi th low veloci ties (small
lakes, sinks) appeared to be more favour able for
Pal eomonidae shrimps , although lot ic habitats
are more suitable for Atyida e shrimps. Some fam
ily density variations exist be tween the different
sys tems . For example, the Ama ru r sys tem has a
high density of Paleomonidae, whereas the Fioh a
sys tem has high density of Atyid ae. These varia
tion s rema in unexplained and require a more detail
study to understand the environmen tal factors that
determine the quali ty of an habitat for each type of
organisms.

Figure 400 : Specimens of Atyoido pilipes (decapods shrimps).
The first (A) was captured in a superficial river reach and the
second (B) from a subterranean reach. The pigmentat ion
difference is obvious, but in almost all the case itdid not appear
to correspond to an adaptation to subterranean life.

Figure 401: Eels (here A. marmorata) are the only fish that
colonize the subterranean rivers of Santa. Due to their nocturnal
behaviour and carnivorous diet, they can coloni ze indifferently
both superficial and subterranean rivers without any kind of
adaptation. However, their biological cycle requires a migration
to the ocean for reproducti on, thus limiting the probability of
an adaptation to a strictly subterranean way of live. The eel is
one of the few freshwater fish appreciated by local peopl e.

Fish are absent in the subterra nean habitats, wi th
exception of ee ls (Anguill a marmorata and A.
obscura) (Fig. 401) tha t were observed in almost
all the explored sinks and in many sam pled rivers
at different altitudes .

The presence of eels can be explained by their car
nivoro us diet and nocturnal activity. This is in con
trast to most of the o ther sp ecies of other gro ups ,
which are limited in their coloniza tion of subterra
nea n habitats by their herbivorou s die ts, as well as
by local ph ysical conditions, such as the openness
and connectivity of the subterranean systems (river
or sink vs grou ndwater) , altitude, high inclina tions
and waterfalls that cha rac terize the uppe r river
reaches. However, even if these fish species have
not colonized the sub terranean habitats , i t should
be noted that most of them use it at least to pass
through and attain the river upper reaches. Ind eed ,
because most of these species are amphiclromous,
they somet imes need to pass th rough long su bter
ranea n sec tions (e .g. the Pat un ar sys tem , which is
more than 1 km long) to get to the upper reaches.
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FOCUS ON SPRINGTAILS
Louis Deharveng & Anne Bedos

Formerly an orde r of Insecta , Collembola (spring
tails) are now cons idered to be a class of their own,
representing the sis ter gro up of either Crustacea
or Insecta. These tiny animals (0.3 to 8 mm long)
are among the mos t abundant Arthropods in soils,
where they regulate fungal growth and cont ribu te to
organic matter breakdown. Together with mites, they
dominate the animal communities of soils and related
habitats , such as decaying wood or mosses on rock.
They also live in all stra ta of the vegetation up to tree
canopy, where they are among the most numerous
arthro pods in some areas (e .g. New Caledonia) .

In spite of th eir impo rt ance in terres tr ial habi tats,
Coll embola are only moderately diverse - about
7000 described species in the worl d . However,
as on e of the lesser-known groups of terres trial
arthropod s, th eir relative contribution to global
biodiversity is rapidly in creasing. From wha t is
obse rved in the tropics (w here at least 60 % of the
spec ies are new to sc ience in almos t any sample of
an unstudied regio n) , and the overall h igh levels of
endemicity in the gro up, it can be sa fely assumed
that at least 50 000 species of Collembo la exis t
worldwide.

• •• History of research on
Vanuatu Collembola

Th e firs t work on th e spring tails of Vanua tu was
publish ed by Wo me rs ley in 19 28 . Three spe
cies were bri efly described in th at paper, includ
ing one from wate r lyin g in an ope ned coco nu t,

from which the first copepo d of San ta was also
described . Remarkabl y, none of these Co llembo la
was ret rieved amo ng the biological ma teria l sorted
so far from th e soils and caves collec tions of the
Sant o 2006 expedition , and we assume they live
on the vege tation , a habitat th at we did not sam
pl e. Sixteen additional spe cies were rec orded , by
Womersley 0937, one sp ecies) , Da Gama 0976 ,
two species) and Yoshii 0995, 13 species includ
ing three newly described ) . A total of 19 species of
Co llem bo la, mostl y fro m the ka rs tic pa rt of San to,
were therefo re kn own in th e island before th e
San to 2006 expedition .

Three species had also be en record ed from islands
of Vanua tu other than San to: the Neanurinae
Penelopella pacifica from H ate (Cassagnau in 1987) ,
retrieved in our samples; a Neanurinae (Achorutes
rosaceus ) of uncert ain placemen t from Male kula
Islan d , ci ted by Wo mersley in 1937; and Xenylla
cavernan{m salomonensis, ci ted by Da Ga ma in
1976 from bo th Santo and Malek ula.

Th e firs t resu lts of th e Santa 200 6 ex pedi tion
regard ing Collembola were publish ed in 2009,
bri nging to 36 the total number of named species
for the island.

• •• Springtails sampled during
the Santo 2006 expedition

Spri ng tails were co llec ted independen tly in three
areas of Santa during the expeditio n: in the Penaoru

Figure 402: A partial view of the arthropods collected in a single litter sample from the Santo karst, illustrati ng the dominance of
Collembola among soil arthropods.
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Figure 403 : Some pantropica l species of Collembola collected in the Santo karst. From left to right: Hemisotoma thermophila
(Isotomidae); Isotomiella symetrimucronata (Isotomidae); Folsomides parvulus (Isotomidae) ; Megalothorax minimus (Neelidae).
(Photos L. Deharveng).

area , on the coas t and in th e ka rs t. The Pen aoru
Collembola, ob tained from Malaise traps and litter
samples , becam e available for study too recen tly to
be included. Th e littoral Collembola are interst itial
spec ies , mostl y co llec ted from sand beaches of the
karst ic pa rt of Santo . Th ey were list ed by Th ibaud
in 2009, an d in clu de 18 sp ecies , of which 16 were
identified to spec ies level.

To give an idea of how poorly-known the springtail
faun a of San to was before the expedi tion , the number
of Collembola collected by Th ibaud in the sand beach
habitat alone is as high as the number of Collem bola
previously kn own from the whole island. Our own
collections from various hab itats in forest and caves
included four times more species than previously
kn own on San to. A single sample of 500 ern- of litter
from Santo kars t forest hosted on average 20 to 30
springtail species, i.e. more than the total number of
species kno wn from the island in 2006.

Thus, the increase of our know ledge brought by the
Santo 200 6 ex pedition is very significan t, making
San to th e best known island of the Pacific after New
Caledonia and Hawaii for its Collembolan faun a.

In the karst alone, 86 species were collected , o f
which 11 are pantropical an d at leas t 35 are new
to scien ce. Th e rem aining 40 spec ies co rrespo nd
to species insuffi ciently described in th e litera 
ture, or belongin g to genera with a confused tax
onom y. More detailed statistics on the diversity of
Collembola in the San to karst are as follows:

• Total nu mber of gene ra on San to : 70
• Total number of species on San to : 110
• Number of spec ies known befor e San to
2006: 19 (18 nam ed)
• Number of littoral spe cies collected during
Santo 200 6 (Thibaud 200 9) : 18 (16 named)
• Nu mber of species collected by the karst team
during San to 2006 : 93
• Total number of taxa ide ntifie d a t species or
species group level: 49
• Number of new species from the karst sam ples
(minimal est ima te) : 35

• • • Santo compared to other
Western Pacific Islands

No other region of similar area in the Pacific,
excep t New Caledonia, has benefited from a sam
pling effort as in tensive as th e one we applied to
San to Island .

The rem ote Polynesian archipelagoes are very poor
in terrest rial arthropods . Carpen ter in 1935 and
Yosii in 1967 mentioned 10 species in the "lies de
la Socie te" and 17 spec ies in the Marquises . In the
minute ato ll of Fan gatau fa, in Tuarnotou , 16 sp e
cies were recorded by Th ibaud &: Najt in 1993 , of
which at least six are pantrop ical parthenogen etic
forms. Tahitian soils host a very poor faun a (t hree
to five tim es less species than the Santo average for
equivalen t volumes of soil) .

Conversely, a few samples that we recently exam
ined from th e Torres Island s hosted a faun a as
rich as , and very similar to , that of Santo . New
Caledonia, which is now well known in terms of
its co llembo lan fauna, is also very rich.

A general pat tern of coll emb olan diversity dis tri 
bution in the Western Pacific is still lacking, but
the limited evide nce avail abl e is in agreement wit h
the pattern of species richness described for co ra l
reefs , now well do cumented across th e Pacific,
showing a rap id decrease in diversity from th e
Indon esian Islands towards the iso lated archi pela
goes to th e East.

•• • Widespread and common species
Th e Co llembo la of San to include a number of
taxon omically well kn own species that are wide
sp read in the tropics or around th e world . Th ese
often dom inate collembolan communities in the
most disturbed areas, su ggesting the po ssibility
of human introduction . They include representa
tives of lsot ornidae (one Folsomui, two Folsomides,
one Hemisotoma, three isotomielia, one Folsomina),
Tullbergiidae (Mesaphorura yosii) and Nee lidae
(Megalothorax minimus ). W ith the possible excep
tion of Hemisotoma thermophila, all these sp ecies
are parthen ogen etic and sm all (usu ally less th an
1 mm ) , allow ing mu ch high er colonization suc
cess; most are also unpigm ented and bl ind or
m icroph th almic, trai ts withou t an obvious link to
their abili ty to co lonize.

Their density in litter may be stupendously high ,
amoun ting loca lly to three hundred million indi
vid uals per hectar e iHemi sotoma thermophi!« ,
ex trapo lated from availab le samp les).

• •• Endemics and new taxa
More interesting for bi od iversity and hi st or ical
biogeogr aph y are taxa with a narrow distributi on



area, i.e. ranging from the whole Pacific region to
a single si te in the San to karst. All species of thi s
category are bisexual. Like pant ropical forms , so me
spec ies assumed to be ende m ics reac h very high
densities (Coecobrya aokii on guano and an u nde
scribed species of Subisotoma in litter of lowland
bu sh ) , but most are patchily distributed . Th ree
gen era and at leas t 35 species - most of them new
to scien ce- belon g to this category. Two of them
(Friesea santo and F septem) have already been
describecl from the San to 2006 collections .

The Nean u rinae genus Penelopella, wi th its uniqu e
sp ecies Penelopeua pacifica , previou sly known only
from Efate, was presen t in our Santo collec tio ns .
Th is "big" species (up to 2.5 mm) lives in for
es t litter, always in sm all populati ons. Nine other
represen tatives of Nea nurinae are presen t in San to,
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two of wh ich, alr eady described , have a wi der
dis trib u tion in th e Paci fic regio n (Austrnionur« ren
neilensis from the Solomo n Islands , Paleonuta Louis:
from the Fanga taufa Atoll) , and seven are new to
scie nce - a very goo d score at th e wo rld level ,
give n the size and isola tion of the island . Two gen
era 0[" Poduromo rp ha, bo th probably new to sci
en ce, are present in our samples. One is a deep-soil
Tullbergiid ae found at only three sites . Th e second
is a mi nu te Pseudachoru tinae, also from dee p soil ,
with redu ced eyes, no furca and no pigmen t, mor
ph ologically very sim ilar (by con vergent regressive
evo lu tion") to Para nurul a Skarzy nski & Pomo rski,
recently described from Europe. Neanuridae o the r
th an Nea nurinae, lsotomidae, Entomobryidae ,
Paronellidae and Sm inthuridae include add itional
sp ecies in alrea dy described genera , which are
often new to science ancl endemic as well.

Figure 404: Some endemic Collembola new to science coll ected in th e Santo karst. A: Cepha/achorutes sp.
B: Ceratrim eria sp. C: Pseudachorut es sp. cf /ongisetis. D: Pseudachorudina sp. E: Friesea sa nto . F: Te/obella
sp. G: Paranura sp. H: et Willowsia sp. I: et Seira sp. J: Lepidonella sp. K: Parasph yrotheca sp. l: Dicyrtomidae. (Photos
L. Deharveng).
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• • • The affinities of the Collembolan
fauna of the Santo karst

Investigating the origin of the springtail fauna of
Santo by comparing it to that of surrounding regions
was one of the objec tives of the project. Two large
archipelagoes are less than 1 000 km away from
Santo and were partly emerged before it: Solomo n
New Guin ea (referred to here as Solomon), and New
Caledonia. Both have signi ficant faunistic simila rities
with Santo .

In the present s tate o f our know ledge, and excl ud
ing pan tropical an d li ttoral spec ies (seve ral spe
cies shared by San to and New Caledonia actually
live in the beach interstitial, a habitat un sampled
in Solomo n) , Santo sha res less than 10 % of its
identifi ed spec ies with New Caledo nia or Solomon.
Significan t informati on is dr awn from Neanur idae,
which are excellent biogeographical markers due
to the low vag ility and rest ricted dist ribu tions
of the ir species . Thus, the Allstralonura spec ies
present in Santo is A. rennellensis, described from
Rennell Islan d (900 km northwest ). In co ntras t,
the representative of the genus in New Caledonia
(abou t 650 km sou thwest o f San to) , is a di fferent,
thou gh closely rela ted sp ecies (A. novaecaieaonuie).
A new Te/obe/la spec ies, very abu nda nt in the for
est litter of San to, is close ly related, both morph o
logically and genetically, to ano the r, u ndescribed
spec ies from Torres Islands (20 0 km no rth) . This
genus has never been recorded in New Caledo nia.
Among lsotomidae, the species Folsomina lawrellcei
is distributed from New Gui nea to Vanua tu , but is
absent from New Caledonia. Fau nal relationships
also exist with other Paci fic Islands, as illust rated
by the Neanurinae Paleonura louisi, des cribed from
th e Fangatau fa Atoll, which was found in Santo . In
con tras t, the genus is absent from New Caledo nia
and has not been reported from Solomo n.

Thu s, the availabl e data poin t to a closer relation
shi ps wi. th Solomo n than New Caledonia, agree
ing wi th th e few othe r art h ropo ds in vesti gated
in this resp ect (e .g. th e decap od fauna - crabs
and shrimps- analyzed by Marquet and his col
laborators in 2002) , as well as to the exist en ce of
"Pac ific" lin eages. However, this is insufficient for
p rop osin g any gene ra l sce nario abou t th e or igin of
the San to Co llembo la .

• •• Colonization of inland soils and
caves by littoral terrestrial species

It is widely accept ed that terr estri al habitats of oce
anic islands are mos tly colonized by long-distance
and pass ive dispersal of organ isms on rafts, or by
humans or bird s. In con tras t, the co lonization of
island fresh waters , espec ially in intersti tial an d
subterranean hab ita ts, has often been the result of
eco logical shifts in marine species, as documented
for San to in the "Focus on Microcrustacea ns" .
Surpris ingly, co loniza tion of inland terr estri al habi 
tats by marine litt oral organisms has been very
rarely reported . Amo ng Collem bola for instan ce,
genera and sp ecies-groups wh ose species are living
on th e sea-sho re genera lly have no inland represe n
tatives , exce pt for a few large ubiqu itous genera. It
was therefore exciting to discover inland species of
two genera (Yuuhianura and Psammisotoma) , previ
ous ly considered to be typicall y litt oral.

Yuuhianura was represented by two spec ies in soils
and caves , with local adap tation to life in gua no .
Indeed , th e eigh t known species of Yuuhianura are
basically restricted to marine littoral habitats, where
they may be very abu ndan t, exce pt for a Himalayan
species of uncertain taxon om ic status . In Santo,
Ytlllhianura has co lonize d with grea t success a large
array of inl and habi tats : litter, deep soil layers and
cave guano, from the coast to the heart of th e San to
karst , more tha n 10 km inland . In all these habit ats ,
Yuuhianura are freque nt and abu ndant. Preliminary
molecular data from COl gene tic ana lysis fu rt he r
mo re indicate that two closely allied , but well dis
tin ct forms are present on th e island, which we were
able to recognize mo rphologically afterwards, both
being new to science. One for m is sp read across the
different hab itats mention ed above, whi le the othe r
was only found at a single site near Belmo l, where
it lives in large populat ions among plant debris on
th e surface of sweat ing rocks. The assumed eco
logical shift of Yuuhianura may not have occurred
locally on Santo , as we did not obtain spec ime ns of
the genus from coas ta l habitats , but at the mom ent
there is no report of non -litt oral Ylluh ianura any 
where else in Eastern Asia.

The isotomid genus Psammisotoma was described
from littora l habitats in 1986 , and four add itiona l
species were subsequen tly recognized , all from the

Figure 405: A: Austrolonura renn ellensis, widespread on Santo Island, especially in mod erately disturbed habitats, is also present on
Rennell Island (Solom on), from where it was originally described. B: Yuukionura sp. from forest litter (Matantas).
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same kind of habitat. To our sur prise, a small spe
cies of this gen us is present, th ou gh rare , in Tarius
and Mba Cav es , bot h far inla nd . Futherm or e, it was
only collected from guano .

Hence, in both these cases, the ecological s hift to
inland habitats has been associa ted wi th an ad apta
tion to life in cave gua no .

•• • The future
Biod iversity explora tio n of th e San to karst pro
vided an unexpectedly large nu mber of springtail
species from soils and caves , which are currently
under study. After suc h inten se sa mpling, it can
be safely assumed th at mos t co llembolan species
in the soils and caves of the San to ka rst have been
co lle ct ed . But th e karst represen ts only part of
Santo Island , and so il is on ly one of the habitats
co lonized by Collembo la. Co llembola of the forest
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canopy an d li tter in th e Penaoru site -in a non
karst area of San to - have just been mad e ava ilable
to collembologists, and will produce a large but
unpredi ctabl e number of new taxa. The remarkabl e
results obta ine d durin g the San to 2006 ex pedition
make clear tod ay th e wo rk that rem ain s to be done
in orde r to ob tain a comp rehe nsive overview of the
co llembolan dive rsi ty of Santo Island: sampli ng th e
vegeta tio n in th e ka rs t and the soil s in Penaoru on
the one hand, se tt ing up a sound sam pling cove r
age of the non -kars t part of the island , pa rt icu
larl y at h igh est alti tu des , on the other hand. This
would give an in valuable insight into the magni
tude and origins of the biological diversificati on of
Collembola on the island.

Whatever th e fu ture hold s , th e Santo ka rs t is already
the bes t docum ented site in th e wes tern Pacific for
spring tail biodiversit y.

FOCUS ON MICROCRUSTACEANS
Darnia Jaume, Geoff Boxshall, Eric Queinnec

The freshwater lakes , st reams an d rivers of oce
anic islands are prone to be colonise d by typically
marine groups that se ldom pen etrate far inland on
con tinen tal landmasses . Th e process of colonisa
tion of these island habita ts is presumed to have
been facilitated by the red uced competiti on, if an y,
posed to the newcomers since th e island hyd ro
gra ph ic n etworks (in lan d wa ter sys tems) have
never been co nnec ted to the co n tine n ts and are
ass ume d to o ffer plenty o f vaca n t nich es . In add i
tion , and since man y oceanic islands are frin ged
by kars tified zones co nsisting of fossil co ral reef
terraces that have been raised, thei r runn ing wa ters
typically exhib i t ra ised calc ium co nc en tra tions,
wh ich can lessen the osmotic barriers preventing
colonisation by mar in e anima ls . A classic example
of colonisation of island fresh waters by a typically
marine taxon is the her mi t cra b Clibanarius fonti
cola. This is the on ly st rict ly freshwater anomuran
crab known to sc ience thus far, and dwells in
kars tic coastal springs and bl ue ho les adjacent to
the sho re on th e island of Espiritu Santo . The nam e
of the s pec ies, fonticola, mean s livin g in springs ,
and refers to th is unique as pec t o f its bio logy.

The ex plo ra tio n o f San to surface freshwat er hab i
tat s undertak en in 2006 revealed a second exa m ple
of the co lonisati on of islan d freshwater habitats
by a predominantly ma rine gro up : th is time an
isopod belongin g to th e bas ica lly marine family
Sphaeromatidae. Isopods are a div erse group of
crustaceans containing terrestrial forms , such as
woodlice , as well as fresh wat er and marine forms.
Som e species are even par asitic on shrim p hosts and
ex hibit highly mod ified bo dy shapes. Most ha ve

dor so-v entrally flattened bodies but, lik e am phi
pods and tan aid s , they belong to the Peracarida
w hich are charac terise d by carrying th eir develop 
ing young in a ventra l brood pouch .

Th e new species of Sphaeroma tid was discovered
in a kars tic s tream an d associated cave sink locate d
on a raise d co ral reef terrace abo ut 390 m a.s.l. and
cove red by lowland rainforest. Thi s site was situa ted
near Butm as village, abo u t 23 .5 km inlan d from the
eas t coas t of the island . Th e Sphaeromatidae is a
large family, cu rre nt ly comprising abo u t 655 spec ies,
and the vas t majority of these are marine.

The new species was named Exosphaeroides quiros i
(F ig . 406) by two members of th e ex pe dit io n,
Darni a ] aum e and Eric Queinnec in 2007. The
nam e of th e new species honours the Portuguese
ex plorer Pedro Fernandez de Quires , who was the
firs t Eur opean to reac h the island on 1606 , exactly
400 years befo re th e da te of our ex pe di tion.

This is a particularl y exc iting discovery because
Exosphaeroides quirosi is the on ly truely freshwat er
sp haero ma tid kno wn to occ ur in the Pacific Islands
ou tside of New Zea land . It is only the th ird spe 
cies descri bed in th e genus Exosphaeroides, and th e
o the r two are known to live in bracki sh waters in
New Zealand and in Easter Island.

An other imp ortant habitat to search for micro
sco pic crus tacea ns is the subterranean wa ters . We
were allowe d to sam ple water from wells in villages
aro und the islan ds of Santo and Malo and in most
cases there were pumps so we were ab le to collect



Figure 406: Adult specimens of Exosphaeroides quirosi shown in side view and dorsal
view. These adults are about 11.5 mm in length. (Line drawings by Darnia Jaume).
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sam ples simply by pumping water through a hand
held net (Fig. 407) supplied wi th a fine mesh that
retained even minu te crustaceans less than 1 mm in
body length .

Around the Eastern and Southeast ern coast of Santa ,
the se wells provide access to part s of the anch ialine
aquifer fringing the isla nd that otherwise could not
be sampled for aqua tic fau na. The most int eresting

Figure 407 : Filtering water from a pump near Matevulu. Using
a fine mesh plankton net allowed us to catch interesting
microscopic crustaceans.

discovery was a blind and unpig
mented am phipod shrim p, possi 
blya new spec ies of josephosella
belonging to the family Melitidae.
It was collected in virtu ally fresh
water, salinity was only 0.3
parts per thousand , at pumps
in the villages of Natanara and
Matevulu. It has not bee n fully
s tudied yet, but apparen tly the
same amphip od species was
caugh t by Steph an Eberhard
at Nanda Blue Hole at a depth
13 m , and also at th e sp ring at
Porpo r, thi s time enta ngled in
submerged tree roo ts .

Most of the pump samples taken
aro und Santo also co n tain ed
cope po ds , but they were par
ticularly common at the pumps
at Matevulu and Natanara . The
copepods inhabitingsubterr anean
wa ters are typically tiny, with a

body length of around half a millimetre (0 .5 mm ).
Th ey have slender bodies and usually have short
sensory antennae at the front of the head (Fig. 408 ).
Th ey are usually white and lack the sin gle mid-dorsal
eyespot present in forms living above ground .

Earl y development al stages of cope pod s were also
found in man y pump sam ples . Cope po d eggs hat ch

Figure 408: A typical copepod from the family Cyclopidae, shown
in dorsal view. This is an adult female bearing a pair of egg sacs,
each with only few eggs, as is typical for subterranean form s.This
female is 0.6 mm long. (Line draw ing by Geoff Boxshall) .



as nauplii, a tiny swimming larval stage with only
three pairs of limbs (unlike the 12 pairs of limbs
present in the adult). Like all arthropods, eopep
ods moult as they develop and grow up to become
adults, and they typically add one pair of limbs
at each moult until the adult total of 12 pairs is
reached. The presence of larvae representing differ
ent stages of the life cycle indicates that there are
viable populations of the microcrustaceans living
in the subterranean waters.

The subterranean copepod fauna of the southeastern
coast is quite diverse, consisting of at least two dif
ferent species of the family Cyclopidae and three dif
ferent species of the order Harpacticoida. All of these
species are probably new to science. Only one species
of the Cyclopidae has previously been reported from
the island of Santa, and that was not a subterranean
form. It was Bryocyclops anninae and was found
back in 1927 from water caught in empty coconut
shells collected near Hog Harbour. This tiny species
has an adult body length of 0.4 mm and was first
described from Java in Indonesia. We were unable
to find this same species again, perhaps because the
original collections were made during February and
we were collecting in September. However, we did
find other members of the Cyclopidae in several
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surface streams and swamps on Santo and Malo.
We collected species of the genera Mesocydops and
Eucyclops in various localities on both islands and
these are still being studied.

In addition to the amp hipod ]osephosella and the
cyclopid copepods, other samples taken at pumps
contained representatives of different types of
crustacaea. One pump sample taken just east of
Luganville contained two specimens of an unidenti
fied microparasellid isopod, although this time water
was slightly brackish with a salinity of 1.10 parts
per thousand. Finally, another pump in the same
area rendered a single specimen of a juvenile tanaid.
Because it is a juvenile it is not possible to identify
or describe the species until more material becomes
available, but the discovery is remarkable because
the water was virtually fresh (salinity only 0.4 parts
per thousand). The Tanaidacea is a strictly marine
group with only a handful of species ever reported
from fresh water anywhere. Interestingly, we can
mention here that another tanaidacean has just been
collected from a cave stream of the coastal Maros
karst in Sulawesi, in running fresh water. This new
species has been recently described as a new species
of Pseudohalmyrapseudes, a genus with four species
reported from freshwater habitats on Pacific Islands.
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Algal and Seagrass Communities 'from Santo
Island in Relation to Habitat Diversity

Claude E. Payri

Th e co ral reef co mm unities of Vanu atu
have bee n little st udie d and nothing
has bee n p reviou sly published on
th e bent hic algal flora from Espiritu
Santo Isla nd . Some marine algae
from Vanuatu have been found in
th e British Museum collections (BM)
and are mainly Sargassum species and
Tu rbinaria om ata. In thei r report on
Vanuatus marine reso urces, Done and
Nav in (990) m en tioned Halimeda
opuntia as occ ur ring in mo st o f the

sites inv esti gat ed and no ted the high enc rus ta tion
of co ralline algae in ex posed si tes . More wo rk has
been do ne on seagrass communities; earlier authors
reported a total o f nin e species from Vanuatu including

five species from Santo , i.e. Cymodocea rotundata,
Halodale uninervi s , H. pinifolia, Halophila ovalis and
Thalassia hvnprechii.

The pr esen t algal flora and sea grass investiga tion of
Sant o was conduc ted during August 2006 as part o f
th e "Santo 2006 expe dition ". This work is a co m
pani on s tu dy to that of the Solomons and Fiji and is
intende d to provide data for ongoing biogeographic
work wi thin th e Wes t an d Central Pacific.

Ex tens ive surveys have been ca rried out in most
of th e hab itats recognized in th e so u thern part of
San to Island and in th e Luganvill e area , including
isla nds, sho relines , reef flats , ch annels an d deep
ou ter reef slo pes .

SAMPLING SITES AND METHODS

The 42 sites inves tigat ed are shown in figure 409
and are distributed from Paliko lo in the north
ernmos t part o f th e study area, d ow n to Urepala
is let lo ca ted in the so u thern part in cluding th e
Segond Channe l , the Mal o passage a nd Abo kisa
Island o n th e eas t coas t of Ao re Isl and. Sites we re
selec ted to include th e largest possible range o f
en viro nmen ts.

Mos t of the sites were surveyed by SCUBA di ver s
from th e su rface down to 60 m deep. The shallow
areas, including fri ng ing reef flats, reef channels
and rocky shore line s , were sam pled by snorkelling
and walking on th e reef. Th e sampling effort was
standardized and in ventory duration at each site
was fixed to 80 m inutes . A species inventory was
compiled in or der to crea te a m ore comprehensive

sp ecies list for th e southern part of Santo .
Specimens were sa m p led to make a taxon omi cal
co llection for the area.

All the co llec ted specimens we re press ed and dried
fo r herbaria; fragm ents o fspec ime ns wer e preser ved
in a so lu tion o f buffer ed formalin in se awa ter (5 %)
for further anato mica l studies. Tissu es from va ri
ou s taxa we re also preserved for further phy log
en)' and molecular an alysis and all th e herb arium
sp ecimens were ai r dried (wi th ou t formalin) which
allows for ex tra DNA analysis if n ecessary. The
co llec tion is currently housed in th e phycological
h erb arium at IRD Nournea (IRD-N OU ) an d will
be tran sferred to the Museum national d'Histoire
natarelle in Paris (PC) . Part of th e co llec tion will
be dep osit ed at USP in Suva , Fij i.

MARINE MACROPHYTES IN SANTO: GENERAllNSIGHTS

Ma cro phyr e com m u ni ties o n co ral reefs are
ge n e ra lly dis tri b u te d in asse m blages that m o re
or less reflect reef zo n ati on. Th e distribution
of the m arine flora on a co ra l reef is influenced
by various facto rs in cludi ng sunlight, salinity,
water turbulen ce an d curre n ts , the nature of
the substratum , d e pth , exposure to air, geo~

morphology, top ography, h erbivore pressure
and biological co mpe tit io n w ith other benthi c
organisms .

In add itio n , Van ua tu's reefs h ave a co mplex tec
tonic history, hav in g exp eri enced severa l erner
ge nce and s ubsidence events. These have resu lted
in so me features that are typical of ma ny reefs
with rocky shorelines, and recent tect onic dis
placements and uplifts may have a ffec ted some
of th eir be nth ic assemblages. H owever, we di d
n ot observed a recent influence of tec to n ic dis
pl acem ent o n benthic communities in th e s tudy
areas and the m ost significant disturban ces we
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Figure 409: Map of sampling sites in the Luganville area, southern part of Santa Island.
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observed were the result of recent cyclone act ivity
and bleach ing even ts ove r the past few years .

are gene ra lly distribu ted pa ra lle l to the shore lines
and reef margins .

However, env iro nme n tal fac to rs are not homoge
neous ac ross th e reefs , and gradua lly change from
th e sho reli ne to outer reef slopes throu gh lagoons
an d reef flats . The rather pa tchy zo na tio n pa tterns

This synt hesis comprises an overview of the rep
resentative biotopes in vestigated and descri bes the
differen t macrophyte (algae and seagrasses) comm u
ni ties associa ted with the different iden tified habitats .
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REPRESENTATIVE BIOTOPES
Th e main features of th e San to coral reef co mp lex
are th e absen ce o f a ba rrier reef and associated
habitat s. Most of th e s truc tures co m prise narro w
frin ging reefs , ou ter reefs , patc h reefs in sha llow
water , sheltered and open ernbayrnen ts, deep cha n
nels and shallow passes, exposed outer reef s lope s
an d reef walls or dr op- offs .

Most of the sites have reef habita ts compressed into
narrow coas tal margin s and ex pos ed to ocean infl u
ences. On un sh eltered coasts the co ra l reefs are
wave-bea ten str uc tures that are heavily enc rus ted
by coralline algae as we ll as by coral species th a t
are well-adapted to s tro ng turbu lence.

The great ocean depths, large fetches and th e refrac 
tio n of swells aro u nd th e small islands adj acent
to San to mean th at the ope n coasts on all sides
are subjec t to s tro ng wave force s , and this limits
th e types of reefs th at ca n es tablis h . Less ro bus t
forms of cora ls and o the r benrhic co mm unities are
however ab le to develop in mor e she ltere d em bay 
merits. The islands aro u nd the Segond Cha nnel
provide significant shel te r from the op en ocean,
an d the channel accumulates siltation origin ati ng
from the terrest rial eros ion of the adja cent is land
of San to ; the cha nnel su pports a range of hab i
tat s wi th co ndi tio ns ranging from intermed ia te to
abunda n t she lte r, and muddy subs tra ta.

The 42 sites surveyed have been classified into 12 majo r
habit at groups wh ich include geomo rpho logy, topog
raphy and major benthic com munities . Sche ma tic
diagram s (profiles) are given in figures 411-422, the
list of the symbols use d in the pro files are given figure
410. Descript ions of the profiles are as follows.

• •• Segond Channel (Fig. 411)
Th is long channel runs between San ta and Aore Island.
Arou nd the Luga nvi lle area and down to the south
there are few reef formation s and cora l communities
and these are mainly developed on san dy slopes and
rubbl e. Narrow reef flats are present, mos tly at both
entrances to the Channel and along the Aore Island
coast. Coral com mu nities are mostly Acroporidae and
occasional massive Porites. There is also evide nce of
damaged coral in the high proportion of cora l rubble.
Large beds of the green macrophyte Halimeda 0pLlntia
intermixed with sponges colonise the hard subst ratu m.
In the northern area, the middle part of the channel
is deep (70 m depth) and muddy, marked with ghos t
shrimp (Ca lianasseae) hummocks and small bent hic
communities inclu ding some Nep htheidea, Dophleina
and Asthenosoma urc hins . The benthic communities
of the channel environmen t are dominated by sponges
and octo corallians (so ft corals and sea fans) . O n the
shallow muddy flats adjacen t to the shore of Santo
island seagrasses such as HalodLlle an d Cyniodocea
fo rm sparse patch es.

~
<_ .

Living massive coral -- Sponges- '
~ Living branched coral

~ Dead corals

) Living tabular coral
~ Coral rubble

Living foliaceous coral

~
.~
r-. Ghost shrimp hummock

Tubastrea

i f $,$N' Gorgonian

~ Mangrove

Sarcophytonr'"

Lobophyton JSeagrass Coconut tree

~~ Halimeda ,..
......:.. Caulerpa TreesI

~ Rhodophyta Q Native houses

Figure 410: List of sym bo ls used for figures 411-4 22.
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• •• Channel Pass (southern entrance
of Segond Channel) (Fig. 412)

The topography and the environment of the Segond
Channel changes from the north to the south with
the increasing current. The coral communities are
well developed on the slopes with massive corals in
the shallow areas while a rich branched coral com
munity is associated with green calcareous algae
Halimeda opuntia and the coralline algae Amphiroa
on the gentle sandy slope. The bottom of the chan
nel is a hard substratum supporting large coral
patches with flourishing communities of benthic
invertebrates including octocorallians and numer
ous crinoids. This area experiences strong tidal
currents. The reef flat on the Aore side is narrow
with a steep slope dominated by Halimeda mac
roloba anchored in the muddy sand and various red
algae entangled in dead Acroporabranches.

• •• Sheltered fringing reef
(Brigstocke point, SW Luganville)
(Fig. 413)

Most of the reefs fringing the southern corner of
Santo are characterized by a narrow area of subti
dal grooves adjacent to the rocky shoreline, with
dense macroalgal vegetation of red algae Callophycus
spp, Portieria homemanii and Amphiroa crassa. The
slopes are mostly covered with coral debris with some
large blocks of dead Porites. The green calcareous
alga Halimeda opuntia develops spectacular beds from
15-30 m deep, while Halimeda macroloba and the red
foliaceous algae belonging to the Peyssonneliaceae
form aggregations (soft nodules) up to 10 cm in diam
eter that are locally abundant on the top of the slope.

• •• Malo water passage (between Aore
and Malo Islands) (Fig. 414)

The Aore site is fringed by small Rhizophora clumps
that grow on the beaches along a narrow and shal
low depression where Acroporids and the seagrass
Enhalus acoroides are well developed on sand flats
with moderate tidal currents. The shallow reef flat
on the side of the islet is covered with many massive
Porites; on the side of Malo Island the reef is deeper
and the corals are more massive and have developed
into large patches with abundant encrusting coral
line algae. The coral cover is high on the reef slope
along the water passage. Foliose and branched corals
are abundant on the reef slopes while they decrease
further down to the bottom of the passage where
strong currents limit the development of a benthic
community. Large spurs parallel to the sea floor that
support octocorallians are the main feature of the
base of the slope on the Malo side.

• •• Sheltered sandy slope (Malo passage)
(Fig. 415)

The Malo passage has typical sandy slopes with
little reef formation along the shores of Aore and
Malo islands. Fringing reef flats are narrow, shallow
and protected. No seagrass beds were found, only

the delicate paddle seagrasses Halophila spp. were
observed on the sandy slope down to 50 m deep.
Sparse coral blocks and rubble are the main features
from the top down to the mid-slope while coarse
sand and debris are dominant further down beyond
30 m deep. Species diversity is low except for star
fish and holothurians with various species such
as Nardoa gomophia, Echinaster callosus, Choriater
granulatus, Holothuria (Microthele) fuscogilva and M.
fuscopunctata and the red algae that display several
gelatinous species in the deeper part of the slope.

• •• Sheltered embayment (Palikolo Bay)
(Fig. 416)

From shore to open ocean, this bay contains sev
eral biotopes including:

• Prolific seagrass beds in the fringing muddy
flats intermixed with a green macroalgal com
plex of Halimeda and Caulerpa;
• Shallow sheltered reefs on sand dominated by
acroporids;
• Large areas of coral-construction on deeper
(6 m) patch reefs;
• A steep slope from 15 m.down to 60 m deep.
The patch reefs here support a' high diversity
of species with a very rich coral community
including many fungids and octocorallians.
Large mounds of rubble covered by the brown
alga Lobophora variegata indicate an accumula
tion of coral skeleton fragments' that have bro
ken in recent decades. The diversity decreases
down the slope; some holothurians including
Thelenota anax and NeoJerdina cumingii (50 m)
have been observed along with green algae
Cladophora and Halimeda in the'deeper zone.

• •• Open embayment, partially
sheltered (east Aore) (Fig. 417)

This habitat occupies the north eastern part of Aore
Island. The coral community is developed on a gen
tle sandy slope down to 25 m deep and looks like
the silty bottom of a lagoon. Porites with abundant
soft corals, sponges and various branching Acropora
form large beds down to 15 m deep. Various coral
line and red fleshy algae were recorded on hard sub
strata. Corals such as Polyphyllia, Herpolitha limax,
Sandalolitha robusta and Cynarina lacrymalis were
also observed in these sheltered areas. The accumu
lation of fine carbonate sand in the deeper part is a
typical characteristic of lagoons and supports large
patches of mixed green algae including Halimeda,
Udotea, Avrainvillea and Caulerpa. Visibility was
reduced in this environment due to the abundance
of fine carbonate particles in the water column.

• •• Sheltered fringing reef (West
Tutuba Island) (Fig. 418)

On the west side of Tutuba Island adjacent to the
beach there is a narrow and patchy fringing reef front
ing in some places an enclosed lagoonal gutter (10 m
deep) and then a gentle outer slope that nonetheless
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Figure 415: Schematic diagram of the topography and reef commun ities of a shelt ered sandy slope (Malo Passage).
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goes down to 50 m in depth. The reef flat area is
very shallow and supports a diffuse seagrass bed com
posed mainly of Cymodocea serrulata, intermingling
with algae and small coral colonies. The front of the
stretches of reef and edges of the lagoon are overgrown
by a dense covering of erect soft corals such as Sinulana
and Sarcophyton, while the narrow silty lagoon con
tains isolated massive Pontes. The steep internal slope
and the outer reef flat are covered by thick swathes of
rubble without coral communities. This entire zone
is exposed at low tide. The outer reef slope is similar
to other sheltered slopes with large areas of broken
Acropora branches and plates on white coral sand down
to 8 m deep; further down there is an accumulation of
coral branches and other carbonate debris with few
coral colonies and occasional fleshyalgae.

In the area outside the lagoonal depression the
sandy bottom supports a mosaic of patch reefs
dominated by robust massive corals that are highly
dissected with spectacular communities of green
and red algae. Several Holothuria edulis have been
observed on the shallow sandy bottom.

•• • Windward fringing reef and
exposed outer reef slope (north
and east Tutuba Island) (Fig. 419)

On the windward side, fringing reefs are deeply dis
sected with massive spurs and narrow grooves from
3 to 12 m deep that are littered with coarse sand and
coral rubble. Heavy crusts and candle-like coral line
algae are well developed in this exposed area along
with numerous small species in the overhangs and
reef interstices. Corals are sparse on the reef top
and mostly consist of massive Pocillopora, Acropora
and Millepora. The outer slope is steep from 15 to
30 m in depth, with scattered low spurs and large
patches of coarse sand with abundant Halimeda
segments. Beautiful sea fans and other octocoral
lian fauna are present on the top of the reef with
numerous crinoids making this a very attractive
area. From 30-60 m deep the slope is less steep and
comprises rubble and scattered coral heads. The
deeper part of this seaward slope is typical of many
deep slopes, especially with respect to the associ
ated red gelatinous algae (Predaea, Dudresnaya and
Gibsmithia), green algae Caulerpa fergusonii and
Cladophora ohkuboana and C. dotyana.

The reef slopes facing the open sea are less steep
from 30 m down to at least 50 m deep. Coral cover
is reduced; Halimeda minima coverage is high and
contributes to sand accumulation from their cal
cified segments. Seriaiopora er histrix, and black
coral Cirrhipathes anguineus have been observed at
45 m deep.

• •• Outer reef platform
(west coast of Malo Island) (Fig. 420)

Reef formation on the northwest coast of Malo
Island provides an example of a platform that was
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not seen elsewhere during the survey. This reef is
totally sub tidal with broad, irregular and meander
ing spurs and grooves. The site has a high proportion
of rubble and corals that have been dead for several
years. The coral communities were dominated by
plate and branching forms. At the time of the survey
coral recovery was observed with several living colo
nies of the same size (20-30 cm in diameter). The
inshore reef and outer slopes were not studied.

Numerous Culcita novaeguineae were observed,
along with one specimen of Acanthaster planci.

• •• Patch reef and outer slope adjacent
to limestone island (Abokisa Island)
(Fig. 421)

The small limestone islet located between the
larger Tutuba Island and Aore is surrounded by an
intermittent fringing reef developed on coral sand
to about 6 m in depth with an attractive coral com
munity. Structurally they are dominated by stands
of Acropora in plate CA. danai) and branched forms,
both living and dead. The dead skeletons provide
the substrata for a complex and beautiful coral
community in shallow sandy water and include
coralline algae. The adjacent slope is dominated
by massive Porites down to 15 m deep with numer
ous Halimeda and encrusted rubble as well as
rare echinoderms such as Holothuria (Microthele)
fuscogilva and Linckia guildingi. Further down the
slope drops off to 40 m deep in the north and more
than 60 m on the southwestern side with a steeper
declination. The coral community is replaced by
rubble and a few small colonies « 1 m high). In
deep water, species diversity is low with some
red gelatinous algae (Predaea and Gibsmithia), the
green algae Caulerpa and Cladophora ohkuboana
and the echinoderms Choriaster granulatus and
Thelenota rubrolineata.

• •• Reef wall (Urelapa Island) (Fig. 422)
Fringing reefs on limestone islands adjacent to
deep water such as Urelapa and Tuvana islets
located off the southern part of Santo have verti
cal underwater cliffs. These reef walls are distinct
features that represent one of the more spectacular
biotopes for species diversity. Stretches of fringing
reef are found adjacent to limestone and coral sand
beaches, which change gradually to a reef slope
dominated by a mixture of massive corals such as
Diploastrea, Goniastrea and Montastrea magnistel
lata and branching Acroporidae down to the cliff
precipice. The coral walls start beyond 20 to 25 m
deep down at least 60 m deep and are present
around the islets where the coast is neither shel
tered nor exposed. Coralline algae in association
with numerous fleshy red algae (large patches of
Halichrysis irregularis and Asteromenia anastomo
sans) are dominant components with octocoral
lians. Corals are encrusting or foliaceous such as
Pachyseris speciosa.
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Marine Ecosystems

REPRESENTATIVE MACROPHYTES COMMUNITIES

•• • Algal vegetation
The sp ecies list of the benthic marine algae and sea
grass es collected from Santo is shown in tables 37
& 38. Th e classification follows The catalogue oJthe
benthic mmine algae oJ the Indian Ocean by Silva and
coau thors (996). Th e 271 listed spec ies of algae con
sist of 163 Rhodophyta (red algae) , 83 Chl orophyta
(green algae) and 25 Phe aophyceae (brown algae) . A
selection of species is illustrated in figures 423-428 .
About 150 specimens of coralline algae are under
study and are not included in th is work; on ly the
most com mo n encrus ting cora lline algae are consid
ered here. The spec ies belo ng to 12 orders and 45
families (Figs 429 & 430). Most of the speci mens
have been identified to species level and these repre
sent 90 % of the collection ; the 10% remaining un i
dent ified spec ies comprise taxa that could be new to
science. Among the identifi ed species, three of them
are newly described from Solomo n Island s, Fij i and
New Caledo nia; while at least five taxa including
four species of Martensia , Rhizophyllis, Rhodymenia,
Hypoglossum and Dudresnaya and one new genus

belonging to the Dumontiaceae are being studied to
describ e new taxa or establish them as belonging to
existing species . The study of the cora lline algae will
probably reveal new taxa as well.

The algal flora is typically tropical and most of the spe
cies belong to the ludo-Pacific biogeographic provin ce.
Comparison with flora from adjacent archip elagos is
limited due to the difference in sam pling effort in the
various regions. However, 55 %and 53 %of the species
of Santo are present in Solomons and Fiji respec tively.

The Rho dymeniaceae Asteronemia pseudocoalescens
described from Lord Ho we Island was obs erv ed for
the first tim e outside of its typ e locality, su ggest 
ing th at its geographic distribution is broad er than
origina lly th ou ght ; thi s discover y enha nces th e
kn own biogeographic affin ities of the Santa marine
flora with th e tropical wes t Pacific.

Algal asse mblages are cha rac terized within th e
biotopes as sho wn in th e following sections .

Table 37: List of Rhodophyta, Chlorophyta and Phaeophyceae species from Santa waters.

Class Rhodophyta

Family Bonnemaisoniaceae Aspomljopsis taxtlorrms (Delile) frevlsan

Order Ceramiales

Wrange/lo orgu5 Montagne

Wrangelia elegonh'ssima R. Norris

Dasya anas/QmOSOIlS
Weber-van Bosse

Dasya baillouviana
(S.G Gmelin) Manta"n

Dosypllila plllmcJ(JOIdes Yendo

Netemsiphonia cnspella
(C Agardh) M.J. Wynne

Family Dasyaceae

Family Delesseriaceae

tmueuo sp. novo

Frikkiella el1r/esii
M.J Wynne W Schneider

-------1

Harn/dm lenormal/dll
(De/b s&Solier) Feldrnann

Nypoglo5Sum simulans
MJ Wynne. P re & Ballantine

MOI1ensia aus/ralis Ha, ey

Martensia efegans Henng
------t-

MorI ns/a lIabelliforrne
Harvey J. Agardh

-----1-

MartcnSIG fr()gdl~ Harv y

Martensia sp novo

Myriogramme melaneslensis
N'Yeurt. Wynne & PaYrI

NllophylllJm adhatrens MJ Wytlne

VOlllvorstia speclobj/is Harvey
---I

FamilyRhodamelaceae Aranthophoro poofiro (Set hell) Kratt

ntithamnione/la elegans
(Berlhold) J.H PrICe D.M John

Ballle/la tep ns Hulsman &Kral

Centrocera~ r10vulmtlnl
(C A.g rdh) Muntagne

5pyridia hypnoides
B rydeSam!-Vincen Papenfu

Aglaothamniofl boergesenll
(Aponte & D.l Ballantine)
l'Hardv-Halos & Ruenes>

------'t
1All0llldlUfn tenue (C. Ag~rdh) NageTI

Family Ceramiaceae

Order Bonnemaisoniales

Cent 0(er05 minulum ramada

Cetomum: flowdum
(IU. Peter en) Furnan Seuo

Ceromium mOlshollense Da 50n

CeromlUm upo/ense South &Skelton
--------1-

Corallophila opiculata
(Yamada) Noms

-------J

Griffithslo heteromorpha KOlzin

Ifa/oplegma duperreyl Montagne

MOllospoFIJS mdiws BlillgeseJ1
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Gi/jsml(/,ia (jowl Hoy1e
--------1

Family Caulacanthaceae

Family Corynocystaceaea

Family Dicranemataceae

Family Gelidiaceae

Family Hypneaceae

Family Dumontiaceae

Order Gigartinales

Order Gelidiales

Family Corallinaceae

IVeoslphnnw apl ulata
(Hollenberg) Masuda Kogame

Pofyslphomn scoplflarum Harvev

Laurell '0 p.'

Laurencia deCllnrbens Kiilzmg

Order Corallinales

Amp moo (rag/liss/ma
(Lmna us larnouroux

Exophyllum wenti; Weber-var Bos e

H tpo Iphoma nuda Hollenberg

Herposlphoma ttmel/a
(C Agardh Ambronn

taatenaa blOdWdados Ptlger
~---------I-

lauenda cf. dlStirhophylla J. Agardh

Laurencia sp 2

ACGlIthophoro spicifera
Vahl B0rgesen

Amansia rhodantha (Harv J.A ardh

Bostryd/lG ten 110
(JV Lamouroux) J. Agardh

Chondfla otmata utz ng) kamura

Chondl/lJ dangeardii Dawson

Chondna mmo!lJlo Weber van 60 e

Cnondtia bl,Jl/ata N'Yeur & Payn

ClIondua ryukyvensis Yamad
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Figure 423: Rhodophyta. A: Amansia rhodantha. B: Amphiroa crassa. C: Amphiroa fo liacea. 0: Asteronemia anastomosans. E: Botryocladia
spinuligera. F: Callophycus serratus. G: Cheilosporum spectabile. H: Corallinales complex. (Photos J.-L. Menou IRD Nournea).
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Figure 424: Rhodophyta. I: Dasyphila plumarioides . J: Dichotomaria marginata. K: Dichotomaria obtusata. L: Galaxaura divaricata .
M: Gibsmithia hawaiiensis. N: Halymen/a porphyraeformis. 0 : Halymenia stip/tata. P: Lithothamnion proliferum. (Photos J.-L. Menou IRD Nournea).
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Figure 425 : Rhodophyta . Q: Mortensio ilabellata. R: Mortensio sp. novo 5: Neogoniolithon iosliei. T: Peyssonnelio inomoeno.
U: Plocomium sondvicense. V: Portletia hornemo nii. W: Predo eo iacinioso. X: Titonophoro weberoe. (Photos J.-L. Menou IRD Nourn ea).
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Figure 426: Chlorophyta. A: Cau/erpa bisseru/ata. B: Cau/erpa fergusoni. C: Codium mamillosum. D: Ha/imeda cuneata. E: Ha/imeda
discoidea. F: Ha/imeda lacuna/is . G: Ha/imeda macroloba. H: Ha/imeda minima. (Photos J.-L. Menou IRD Nournea) .

. 362
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Figure 427: Chlorophyta. I: Ha/imeda taenieo/a. J: Avrainvillea ereeta. K: Rhipi/ia sp. L: Tydemania expeditionis. M: Cladophora ohkuboana.
N: Bornetella nitida. 0: Cladophorospsis herpestica. P: Va/onia ventricose. (Photos J.-L. Menou IRD Nournea).
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Figure 428 : Phaeophyceae. A: Dictyoto borteyresiono. B: Dictyota cey/onico. C: Dictyoto friobi/is. 0: Distromium sp. E: Podino boryana.
F: Podino me/eme/e. G: Podino sp. H: Stypapodium. (Photos J.-L. Menou IRD Nournea).
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Figure 429 : Species richness of the fam ilies of Rhodophyta (red), Phaeophyceae (brown) and Chlorophyta (green).

Figure 430 : Repartition of the algal community in Orders
Rhodophyta (red), Phaephyceae (brown), Chlorophyta (green).

the very bright green pompom-li ke morphology of
Chlorodesmis hildenbrandtii and Rhipilia penicilloides.
Further down the reef slope , from 8-20 m deep , th e
mot ion of th e water is reduced and th e reefs sup
port a high er co ral cover and art icu lated calcareo us
algae suc h as Amphiroa crassa, A. trtbulus and A.
fo liacea, and the green Hali mecla wneata, H. gigas , H.
minima and H. taenicola dominate some reef slopes .
Flesh y algae are less abundant and mostly comprise
Gibsmitha hawaiiensis , Amcmsia rhoclanta and Valonia

Ceramiales

o Corallinales

IIGelidiales

QlGigartinales

o Dictyotales

o Ectocarpales

o Fucales

Bonnemaisoniales

••• Algal vege ta tion on outer re efs an d s lo pes
down to 20 m

The a lgal co mmunity on th e ou ter reef and s lope
down to 20 m in depth co mprises a large number of
encrus ting co ra lline algae mixed with several dozen
species growing among corals . Near th e top of th e
reef, ma ny spec ies -mainly red algae- grow within
th e int erst ices of corals, and include Chonclrophyw s
parvipapillatus, Avrainvillea lacerate ,
Martensia J1abel liformis, Halym enia
porphyraeformis, Meristotheca procwn
bens, Champia vieillardii, Caulapa
nummularia , C. biserrutata an d
Halimeda micronesica. In the break 
wa ter area coralline alga e Hydrolithon
onkodes an d Neogoniolithon f osliei
dev elop th ick candle-like crusts , with
Hydrolithon orthoblatum or bran ch ed
clu m ps of Lithophyllum pygmaewn.
Th e vege tat ion can vary accord ing to
th e topography and the presen ce of
gu tters and grooves is o ften associ
ate d with large clumps of Couopnycus
serratus, Cheilospontm specwbile,
Asparagopsis taxiformis, Dasy phila
plumarioides, Tricleocarpa fr agilis,
Cauierpa spp. and Halimeda sp p . an d
sm all species suc h as Chondria armata,
Botry ocladia spp., Chama ebotry s
boergesenii and Portieria IlOmemanii.
The pinkish co lours of co ra lline algae con trast wi th

• • • Algal assemblages
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fastigiata. Rubble is often found at the bottom of the
slope rupture, at - 15 m deep and Caulerpa serru
lata, C. sedoides, Mierodietyon umbilicatum, Neomeris
van-bossea, Halimeda distorta, Valonia aegagropila,
Myriogramme melanesiensis, Stypopodium flabelli
forme and Padina spp. grow among the coral debris.
Various thin and small fronds of dark green Rhipilia
spp. and Rhipiliopsis spp., Anadyomene wrightii
form small associations in the shady areas with
Corynocystis protrata and Cryptonemia erenulata.

O' 0 Algal vegetation on deep outer slopes
In the outer slope from 40 m to at least 60 m deep,
coral debris and coarse sand dominate the substra
tum. At the first glance fleshy algae are relatively
few in species number and the vegetation is not
luxuriant. Most of the gelatinous red algae such as
Dudresnayacapricomica, Predaea weldii, P. laciniosa,
Gibsmithia hawaiiensis, G. larkumii, and the green
algae Caulerpa fergusonii, C. sedoides, C. micro
physa, Codium mamillosum, Rhipilia sp. novo grow
in this environment on and among the coral debris,
while the delicate green Cladophora ohkuboana, C.
dotyana are found on sand. Brown algae are very
few and Dictyota bartayresiana and Padina groupe
melemele can be observed in this deep habitat.

000 Algal vegetation on coral walls
Coral walls usually start deeper than 30 m on the
edge of limestone islands located in deep open water.
This environment is often dark due to a heavily vari
egated surface with numerous interstices, overhangs
and small caves. Coral walls are of great beauty with
spectacular encrustations by coralline algae and
Peyssonnelia spp. giving an attractive mosaic of forms
and colours. The dominant Lithothamnion prolifer is
easily recognisable by its pink crust and numer
ous short knobs. Numerous Rhodymeniales includ
ing several species of Leptofauchea and Rhodymenia
live in the caves and interstices with Cryptonemia
erenulata, C. umbraticola, Corynocystis prostrata and
Callophycus serratus, while the iridescent Halichrysis
irregularis and the star-like Asteromenia anastomo
sans grow luxuriantly on the walls with the large
foliose Peyssonnelia inamoena and P. capensis. The
golden-yellow Padina melemele and the green ball
like Codium mamillosum are present in discrete
clumps among coral debris with very occasional
Sebdenia flabellata and S. cerebriformis.

All these species can be found in other deep areas
but in less abundance. The shady environment and
open ocean influences enhance this algal community
that is generally sheltered in the reef interstices.

O' 0 Algal vegetation on the sandy bottom
of deep lagoons

Various green algae grow together and develop
meadows between coral colonies located on the coral
sandy bottom at 25-30 m deep in the embayments.

This sheltered and silty environment supports
luxuriant vegetation including: Udotea argentea,
Avrainvillea erecta, Halimeda bomeensis, H. distorta,
Caulerpa verticilata, C. cupressoides, C. racemosa, C.
sedoides, C. serrulata, C. taxifolia as well as some
red algae such as Martensia, Titanophora webera
and the brown alga Stypopodium flabelliforme with
its fan-like shape and iridescent blue on the thallus
surface.

••• Algal vegetation on shallow reef flats
The shallow fringing reef flat along the shoreline to
the north of Luganville supports many algae from the
beach to the reef front. The flats are exposed at low
tide and corals are therefore reduced in abundance,
except at the outer part of the reef flat where large
stands of staghom Aeropora grow in the gutters per
pendicular to the reef front. Adjacent to the beach, the
reef is covered with a green underwater "turf" mainly
composed of Cladophora glomerata, Roodlea composita
and Roergesenia forbesii that is partially buried in the
sand. Several Caulerpa, C. fastigiata, C. racemosa, C.
serruiata along with light green Chlorodesmis fastig
iata, Halimeda opuntia and the red pompom-like algae
Galaxaura filamentosa and G. rugosa grow on the inner
part of the reef. Among the coral branches there are
numerous green algae Dietyosphaeria cavemosa and
H. mieronesica. The edible red seaweed Meristotheca
procumbens was abundant within the coral branches
and in the interstices on the reef margin. The vegeta
tion on the front part is dominated by nongeniculated
coralline algae including crusts of Hydrolithon onkodes
and the candle-like thallus of H. orthoblastum. Various
articulated coralline algae such as Amphiroa spp. form
clumps on the reef top. Surprisingly, no stands of
Sargassum were observed except occasional young
stages of Sargassum aquifolium.

'0' Algal vegetation in shallow
sandy coral communities

The algal vegetation associated with the coral com
munity in shallow sandy environments is mainly rep
resented by patches of the fan-like brown alga Padina
boryana mixed with another brown alga Turbinaria
omata and various species of green algae such as
Caulerpa cupressoides, C. racemosa, C. racemosa var
lamourouxii, C. fergusonii, Roodlea composita and
Udotea argentea and the red algae Galaxaura rugosa,
Hypneaspp. and Tolypiocladiaglomerata. Mierodictyon
umbilicatum, Halimeda discoidea and Myriogramme
melanesiensis grow among the branches of staghorn
Acropora. Moreover, the delicate red algae Martensia
fragilis, Neomartensia flabelliforme, Haloplegma dup
pereyi, along with Laurencia spp., Exophyllym wentii
and several Rhodymeniales form small associations
of a rich algal flora in the interstices of submassive
corals Porites rus and Montipora.

00. Algal vegetation in channel environments
In general, the algal vegetation of the channels is not
very rich due to the silty and muddy environment that
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limits algal diversity. There is no typical association of
algae from this environment except the brown alga
Spatoglossum aspenun which has only been recorded
in the Segond Channel and Malo passage. The algal
flora has characteristics that are typical of sheltered
areas; Halimeda spp . and Caulerpa spp. can locally
cover the su bstra tum and most of the invest igated
sites showed cora l damage. The algal vegetation asso
ciated with dead coral communities is described in
the next sec tion .

0 0 . Algal vegeta tion on dead coral communities
San to coral reefs have expe rienced heavy damage
from su ccessive cyclones , bleaching even ts and
crown-of-tho rns starfish (Aw nthaster) outbreaks in
the past decades . Thus on the outer reefs and slopes
along the cha nne l, th e dead corals are colonized by
small pro sta te algae su ch as the brown Dietyotafria
bilis, Lobophora variegata and large green calcareous
Halimeda distorta and H. minima. In more exposed
locati ons , dead and co llaps ing branches are ove r
grown by coralline algae , turfs of filam entous red
algae and cyanobac teria asse mblages . Depe nd ing
on the local env ironme n tal an d ree f co nd ition , th is
pioneer stage of co lon iza tion will evo lve into a sec
onda ry succession of algal-do mina ted co mmunities
or reve rt to coral recolon izat ion .

••• Rem arks on th e absence of Sargasstlnt bed s
Sargassum species are common features of the algal
vegetation of tropical islands in the Pacific. However,
around Santo this genus is restricted to limited germ 
lings and the reduced thalli of Sargassum aquifolium on
reef flats, while personal observations in Hate at the
same period have shown the presence of large beds of
Sargassum including several common tropical speci es
such as S. polyeystum.The lack of suitable habitats such
as shel tered shallow lagoons could explain the absence
of the species in these biotopes around San ta.

• • • Seagrass communities
Seagrasses are flowering plan ts belon ging to th e
Cymo doceaceae and the Hyd roch aritaceae fam ilies
w hich are placed in the Alisma tales orde r (no me n
clature based on molecular ana lysis) . In tropi cal
regions they are mostly permanently submerged

Ta ble 38: List of seagrass species from Santo waters.
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in marine and es tuarine biotopes that are gener
ally she ltered from wave ac tion and offer a su itab le
subs tra tu m for root ing in mud , sand or coarse rub
ble. In many places th ey can also develop int o large
mead ows or beds in deep er lagoon zones down to
40 m dee p, on barrier ree fs or surrounding lagoon
islands . Th ey are rem ark abl e habitats in tro pical
sha llow wa ters an d they often form a key func
tion ing sys tem on sandy bottoms alon g shorelines
between man groves an d coral reefs .

Mos t coas tal areas around San to do not ha ve these
typi cal seagrass habitats and only the fringing
sa ndy flats adjacen t to estuarine and river cat ch
m ents , she ltered embaymen ts and inner reef sandy
flats pr ovid e th e necessary conditions for seagrass
development. How ever , deep sandy slopes , sandy
channe l slopes and bottoms also support th e pad
dle-li ke Halophila seagrasses .

Eight spec ies of seagrass we re rep orted from our
survey (Table 38 ) , four of th ese are new records
for San to : Cymodoeea serru iata, En)wlus acoroides,
Halophila capricorni and H. decipiens, and th e
two species of Halophila had not been prev ious ly
record ed for the Vanua tu archipelago.

Seagrass diversity an d abundance were relatively
low in th e investigated areas . Plan ts nev er form large
meadows ; they mostly developed in scattered patch es
exce p t in Palikolo bay where they form dense mats
(> 75 % cove rage) in 70 m wide zones that repre
sen t th e most ex tens ive bed surveyed. The seagrass
communities gene rally comprised few species; most
of th e sit es had ju st one to three species growing
togeth er. The inner sandy areas such as Paliko lo
bay, th e Aore sho reline in the Malo passage and the
estuarine zone adjacent to Luganville showed the
highest species dive rsit y with four spec ies growi ng
toge ther. However, most of th e time one spec ies
was dom inant in the bed , i.e. Halodtde uninervis
in Lugan ville, Cymodoeea rotundata in Palik olo. In
some localit ies seagrasses form mixed communities
with marine algae suc h as Halimeda macroloba, H.
eylindraeea, H. bom eensis, Caulerpa serrulata, Padina
boryana and Aeanthophora spieifera.

Class Order Family Genus Species Authority

Anthophyta Ahsmatalcs Cymodoceacea Cymodocea rotundata (Hempnch 8. Ehrenberg) Aschers&SchwelOl
- '- - -

Cymodocea serrulata (R. Brown) Aschers & Ma nus
• -- - - --

HaJoduJe uninervis (FursskAI As hetson In Boissie
----- ---- -

Hydrocharitacea Enhalus acoroides (Linnaells) Royle
-- -

Halophila copncornl larkurn
- -

Halophila decipiens Ostenfed
-- -

HalophiJa ovaJis (R. Brown) 10. Hooker

ThaJossla hemprichii (Ehrenbcrg) Ascherson
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Except for the species of Halophila, all the other
taxa were confined to very shallow waters al though
they are known to grow in deeper habitats
elsewhere.

It is clear that the coastal physiography of Santa
does not provide ideal habitats for seagrass mead
ows, but it is not clear why seagrasses are so
restricted in shallow waters and are not well devel
oped in other areas that appear to be suitable. Part
of the explanation could be due to climatic condi
tions. The high occurrence of cyclones and rough
seas can provoke sediment movements and salinity

changes, which may have prevented the establish
ment of seagrasses or removed beds which would
both have limited the development or the absence
of this key functioning habitat. This situation could
turn critical with the predicted increase of threats
as a result of human activities and climate change.
Seagrass habitats must be considered as associated
ecosystems to coral reefs just like mangroves. All
these habitats are important and integral compo
nents of the natural environment of Santa and they
must be considered as priorities in conservation
efforts. This study provides information that could
aid coastal zone planning and development.

Figure431: Seagrass species. A: Cymodocea serrulata. B: Halodule uninervis. C: Enhalus acoroides. 0: Thalassia hemprechii. E: Halophila
capricorni. (Photos J.-L. Menou IRD Nournea).



of Santo in Relation to the Centre
of Maximum Marine Biodiversity
(the Coral Triangle) Based on Mushroom
Corals and their Associated Mollusc Fauna

Bert W. Hoeksema & Adriaan Gittenberger

The centre of marine maximu m marine
bicdiversity has become in creasingly
im portant as a mea ns to dr aw atte n
tion to the conserva tion of cora l reefs.
Due to its shape, it has been nam ed
the Co ra l Triangle, which is su p
posed to en compass all or some of
the reefs of the Phi lipp ines, Malaysia,
Indonesia, Tirnor-Leste , Papu a New
Gui nea , and the Solomo n Islands .
Th e criter ia used to define this d iver
sity cen tre as it is presently recog
niz ed, are based on high numbers of
species recorded from within th is cen
tre. However, data from with in an d,
especially, from outs ide th e centre's
hyp othetical boundaries are far from
complete du e to ins ufficient sampling .

Ideally, s tudy areas sho uld be surveyed by the same
scie ntis ts usin g the sa me me thods for reac hi ng any
conclusions regarding thei r position in- or outside
the cen tre of maxi mum marine biodiversity

In orde r to ge t a clear picture o f biodive rsity pat 
terns for various gro u ps of animals and plant s , large
researc h teams are nee ded to visit many diffe rent
loca lities. Another way to investigate species diver
sity pa tterns is by sele ction o f representa tive spe
cies groups that have been we ll s tudied by mea ns
of taxo no mic rev isions an d many field surveys. An
exa mple of su ch a target group is the mush room

coral family (Sclerac tinia: Fungiidae), which con
sists of at least 47 species . Most of th ese spe cies
were treated in a taxo nomi c revision : Taxo nomy,
phylogeny and biogeography of mushroom corals
(Scleractinia: Fungiidae) b y Hoeksema (1989),
whereas addit ional ones wer e desc ribe d lat er on , or
still have to be descr ibed. Use of such target groups
will give a consis tent overview of spec ies composi
tion s ove r various geographic areas, in w hich not
only the presence of spec ies is known, bu t also the
absence of species shou ld be indicated with a h igh
reliability usi ng species rich ness es timators .

Reef co ra ls, reef fish , and mo lluscs are usually
recognized as the mos t import ant indica to r gro ups
of an ima ls th at tell us wh ether a reef area is rich
in spe cies or no t. However, no reef- d well ing
spe cies is living on its own , since each one is pa rt
of a netwo rk of in ter-s peci fic associat ions suc h
as parasitism, commensa lism , pred ato r-prey rela 
tio ns, etc. Some of these interre lations ar e very
exp licit, in which, for example, a pa rasitic sna il
depends on a single parti cul ar host coral. Prese nce
or abse nce o f particu lar host species is therefore
also in d ica tive for the occurrence of the ass o
cia ted fauna, which is demon strated by var ious
groups of molluscs, such as pa ras itic we nt let rap
snails (Epitori iidae) , bori ng co ral snails belong
ing to coral ea ting Co ra lliop h ilidae (Leptocondws
spp .) , an d boring m usse ls (Myti llidae: Fungiacava
eiiatensis, Lithophaga sp p .) .

METHODS

Mush room corals an d the ir associated mo lluscs
were stu died during the Santo 2006 ex pedi tion , a t
the Sou theas tern side o f Esp iritu San to , in the vici
nity of th e base camp at Lugan ville. T he mush room

coral species were reco rded duri ng 25 di ves in a
time sp an of 15 days (September 2006) . Th e mo l
luscs were recorded at the same si tes and a t addi
tion allocaliti es in a period of near ly two mon ths .

CORAL SPECIES RICHNESS

A total of 35 species of mushroom coral sp ecies was
recorded (Table 39 ) . Of thes e, 34 were observed dur
ing the s urveys . T he ot he r one, Fungia (Cycloseris)
cyclo lites , co uld be list ed thanks co llecting efforts

dur ing a separate dive at 40 m dep th by Mr. Eric
Folc her, professional diver o [ IRD (Noumea, New
Caledonia) . Of the 35 spec ies, 16 are new records
for Vanua tu and one of these, a Sandalolitha sp ., is
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Table 39: Mushroom coral species encountered at 25 localities (dive sites) during the Santo 2006 expedition . Per species the
number of localities is mentioned at which it was recorded to indicate its relative abundance. One species (*) was observed during
a separate occasion. Earlier records for Vanuatu are indicated by their publication.

- .....--------...r---~--
Species Number of dive sites Earlier records

1. Cantharellus jebbi Hoeksema, 1993

2. Ctenactis albitentaculata Hoeksema, 1989

3. Ctenactis echinata (Pallas, 1766)

4. Ctenactis crassa Dana, 1846)

5. Fungia (Cycloseris) costulata Ortmann, 1889

6. Fungia (Cycloseris) cyclolites Lamarck, 1815

7. Fungia (C) fragilis (Alcock, 1893)

8. Fungia (C) hexagonalis Milne Edwards & Haime, 1848

9. Fungia (C) sinensis (Milne Edwards & Haime, 1851)

10. Fungia (C) somervillei Gardiner, 1909

11. Fungia (C) tenuis Dana, 1846

12. Fungia (C.) vaughani Boschma, 1923

13 . Fungia (Cycloseris) sp.

14. Fungia (Danafungia) horrida Dana, 1846

15. Fungia (D.) scruposa Klunzinger, 1879

16. Fungia (Fungia) fungites (Linnaeus, 1758)

17. Fungia (Lobactis) scutaria Lamarck, 1801

18. Fungia (Pleuractis) gravis Nemenzo, 1955

19. Fungia (P) moluccensis Van derHorst, 1919
-- ---
20. Fungia (P)poumotensis Stutchbury, 1833

- -

21. Fungio (Verrillofungio) concinno Verrill, 1864

22. Fungio (V) repando Dana, 1846

23 . Fungio (V) spinifer Claereboudt & Hoeksema, 1987

24. Fungio (Wellsofungio) granulosa Klunzinger, 1879

25. Holomitro pileus (Linnaeus, 1758)

26 Heliofungia octiniformis (Quoy & Gaimard, 1833)

27. Herpolitho limox (Esper, 1797)

28. Lithophyllon mokai Hoeksema, 1989

29. Podobocio crustacea (Pallas, 1766)

30. Podobocia motuporensis Veron, 1990

31. Polyphyllio novoehibernioe (Lesson, 1831)

32. Polyphyllio tolpino (Lamarck, 1801)

33 .Soodotoliro robusto (Quelch, 1886)

34. Sondototuna sp.
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Veron 1990a I

Veron 1990a 2
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Veron 1990a 4

Hoeksema 1989; Veron 1990a
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Hoeksema 1989

Hoeksema 1989; Veron 1990a

Veron 1990a 5

Veron 1990a

Veron, 1990a 6

Hoeksema 1989; Veron 1990a

Veron 1990a

35 .Zoopilus echinotus Dana, 1846 Veron 1990a

Notes: (1) As Fungio (Ctenoctis) simplex (Gardiner, 1905); (2) As Cycloseris potelliformis (Boschma, 1923); (3) also as
Fungio (D.) volido Verrill, 1864, and F. (D.) klunzingeri Doderlein, 1901; (4) as Fungio (Donofungio) donoi Milne Edwards &
Haime, 1851; (5) as Lithophyllon undulotum Rehberg, 1892; (6) as Podobocio sp. (see Veron 1990b).--'--------
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Figure 432: A hypothet ical Coral Triangle based on mushro om coral data (Hoeksema 2007), with an additional southeastern
extension includin g Espiritu Santo, based on results obtain ed durin g the Santo 2006 expedition.

new to scie nce . It is remarkable that many species
we re abun da n t (presen t at almo st each si te) , whereas
other ones were qu ite rare (Tab le 39), which may be
im portant for their role as poten tial hos t species for
associated molluscs. Twelve sp ecies were absent:

• Fungia (Cyd oseris) distorta Mich elin , 1842
• F. (Verrilloj llngia) scaora Doderlein , 1901
• F. (Danaj llngia) fra linae Nem enzo , 1955
• F. (Pleuractis) taiwanf1lsis Hoeksema &: Dai, 1991
• F (P) seychellensis Hoeksema, 1993
• Sandalolitha dentata Quelch , 1884
• Halomitra clavator Hoeksem a, 1989
• Lithophyllon undulaium Rehberg , 1892
• L ranjith i Ditlev, 2003
• Cantharellus doedcrleini (Von Marenzeller, 190 7)
• C. noumeae Ho eksem a & Best , 1984
• Podabacia sp .

The 19 species (54%) that have been recorded ear
lier from Vanuatu were either represented in museum
collections or observed during an Aust ralian expedi
tion. Th e presently repon ed increase in the number of
mushroom coral species of the known coral fauna of
Vanuatu , suggests that the number of all reef coral spe
cies (296) recorded previously by Veron in 1990, should
be mu ch higher also. On the other hanc!, this number
also includes some syno nyms (Table 39) Extra polation
of the mushroom coral species numbers proje cted on
all reef coral species, suggests that more than 500
reef coral species are to be expected , which would be
enough to consider Espiritu Santo part of the centre
of coral species richness. Th erefore, the present mus h
room cora l da ta suggest that the Coral Triangle sho uld
have a southeastern extension, including Espiritu Santo
and adjacent parts of Vanuat u (Fig. 432) .

ASSOCIATED MOLLUSCS

Jus t a list of coral species does not giv e us complet e
idea of marine biodiversity Most co ral sp ecies ar e
known to ac t as host for syrnbionts , such as cru s
taceans and mo llusc s . We fou nd represen ta tives
of various sp ecies of borin g mussels (Mytilidae :
Lithophaga spp ., Fungiacava eilatensis) and sn ails
(Coralli oph ilidae: Leptoconchus spp .) living as
endoparasites inside mushroom corals (Tab le 40) .
Furthermo re , a to tal of nine sp ecies of parasit ic
we n tle trap sna ils (Ep ironiidae) has been fou nd
in associa tion with m us hroom corals on ly. This
numbe r represents just m ore th an 50 % of th e
17 epi ton iids k now n to oc cur wit h Fungiidae.
An additiona l th ree sp ecies we re found on o th er
coral ho s ts (Tabl e 40 ) . Such observa tio ns are only

possible when the coral ho st s ar e well known a nd
sys tematica lly sea rched for th eir associa ted fauna .

Seven epito niid species we re no t found despite th e
prese nce of po tential coral host s , i .e.:

• Surrepijungium ouverioi (Bon fitt o & Sab elli ,
2001) k nown fro m variou s hos t sp ecies,
• Epit oniw n crassicostatmn Gi tte n berge r
&: Gittenberge r, 2005 , known fro m FungiCl
(Cycloseris) costulata,
• E. graviannatum Gitt enb erger & Gitten berger,
200 5 , known from F. (Cycloselis ) vaughani,
• Epijun gium adgranulosa Gitt en b erg er &
Gi ttenberger, 2005, k no w n from F. (Wellsojungia)
granulosa,
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Table 40: Stony corals (Scleractinia) and their associated molluscan fauna observed at Espiritu Santa (Santa 2006) .

Fungiidae acting as host Coralliophilidae n Epitoniidae n
(with miscellaneous parasites)

Ctenoctis crosso Leptoconchus sp, 1 Surrepifungium coslu/alum (Kiener. 1838) 4
I --

Surrepirungium mgridae (Gillenberger & Goud, 20(0) 1
-

SurrepifunglUm patamokanthtnt Gittenberger &Gittenberger, 2005 2
-- .- - F--+t +--
Ctenoctis echinoto Surr pifunglUm cosusotum (Kiener, 1838) 1

- ~ -
Fungio (Cydoseris) costuloto Leptoconchus sp. 5 Eplfungium lochi (Git enberger & Goud, 2000) 1
- 1 Fungiocovo eilotensis
- 1Lithophogo sp.

-- f--

Fungio (Fungio) fungites LeplaCOf/chus sp. 2 Epifungium ulu (Pilsbry. 1921) 1
- -

Fungio (Pleuroctis) grovis l.eptoconchu5 sp. 1
,-----t

Fungio (Pleuroctis) poumotensis Leptoconchus p. 2 EpifunglUm file/SI Gntenberger & Gittenberger, 2005 3
--< !-----c-

Fungio (Verrillofungio) concinno Leptoconchus sp. 2
- ----- - l-----' -----

Fungio (Verrillofungio) repondo Leptocollchus sp. 4 Eplfungium ulu Pilsbry, 1921) 3
- ---;. - --

Fungia (Wellsofungio) gronuloso Leptoconchus sp. 2 Eplfungium adgranuloso Gu enb rger &Clnenberger, 2005 1
- 1 Fungiocovo eilotensis
- 1 Corolliophilo bulbiformis
(Ist record Corolliophilo on Fungiidae.
M. Oliverio pers. comm.)
-- - ~ ---I

Holomitro pileus Epifungium ulu (Pllsbrv, 1921) 1
-- -

Heliofungio octiniformis Leploconchus sp, I~~ 1--1
Herpolitho limox iepuxonchu: sp. 5 Epifungium Iwiloe (Cittenberger & Goud, 2000) 8
- 1 Lithophogo sp.

Surrepifungium ingridoE (Gittenberger &Coud, 2000)
I~-

Podobocio novoehibernoe Leptoconchus sp. 4
-- ~

Polyphyllio tolpino Leptocollchu5 sp. 1
0 - ;.-.-

Sondololitho robusto Eplfungwm pseudolwilae GI\(enb rgel Gittenberger, 2005 7
- 1 Fungiocovo eilotensis
- Lithophogo sp. in three specimens of

Epilungium ulu (Pilsbry. 1921 1S robusto
F---

Zoopilus echinotus Epifungium pseudotwilae Gitlenberger & Gittenberger. 2005 1

Scleractinia: non-Fungiidae n n
F---

Plerogyro diobolotus Epifungium hartogi (Cittenberger, 2003) 1
-- - - ---Hydnophoro rigido Leptoconchus sp. 1

, - --
Epldendrium outeum Glltel1be~ger & Gittenberger, 2005 1

Tubulorio sp. -
Epidendrium sordidum Gi tenberger & Gittenberger, 2005 3

• E. adgravis Gittenberger & Gitte nberger, 2005 ,
from F (Pleuractis) gravis,
• E. hoehsemai (Gittenberger & Goud, 2000)
only known fro m Fungia (F) fungites and
Heliofungia actiniformis,
• E. lochi (Gittenberger & Gou d, 2000) known
from various FUJ1gia (Cycloseris) spp.

Only two wentle trap snail species were not observed ,
wic h was du e to th e absence of th eir cora l host :

• Epifungiumadscabra Gittenberger& Gittenberger,

2005 , known from Ftmgia (Verrillofungia) scabra,
• E. marhi Gittenberger & Gittenberger, 2005 , only
known from a Fungia (Pleuractis) sp . at Egypt.

Obv iously, potential coral hosts were su fficien tly
availab le . Some of these hosts were even abu ndan tly
presen t (Table 39). Epitoniid species th at were
no t record ed were either ove rlooked , restric ted
by en vironmen tal factors , or Espiritu Santo is not
inc lu ded in th eir distribution range.



on Selected (Micro)Habitats

SULPHIDE RICH ENVIRONMENTS
Yasunori Kano &Takuma Haga

Sulphur is an essen tial material for all
organisms, playing a significant role in
the synthesis of protein and enzyme.
Regardl ess of this vital requirement ,

hydrogen su lph ide - a major su lphur ic compound
in marine ecosystems - is h ighly toxic and often
lethal for an imals by preventing cellular respiration.
Also called "sewer gas" with its fou l odour of rotten
eggs , hydr ogen sulphide is produced by bacterial
decomposition of organic matt er in the absence of
oxyge n . The orga nic ric h, oxyge n poor "reducin g"
sedime nt in mud flats, ma ngrove swa mps and othe r
fine grained seabed is the refore an inappropriate
and unsa fe environment for most sediment-dwe ll
ing anima ls due to hig h concentra tion of sulphide,
in combina tion wi th the low concentration of oxy
gen itself. Burrowing invert ebrates including thala
ssinidean ghos t shrimps cons tru ct tubular nests
that allow wa ter exc ha nge an d oxidization very
deep in mud bottom. Yet, animal diversity in such
sulphide rich sedimen t is understandably lower
than in usual , fully aerobic marine environments.

However, there ex ist part icu lar speci es that toler
at e, or even pre fer, the presence of hydrogen sul
phide and shortage of oxygen. Although no animal
comple tes its life cycle in abso lu te lack of oxygen ,
man y are capable of grow th and normal beha viour
for ex tended periods under near-an oxic and sul
ph ide-ri ch co ndi tions . Nema tode worms and other
microscopic groups probably represent the hardiest
exa mples, while larger invertebra tes including cer
tain moll uscs and anne lid worms show compara
tively less but still amazing tole rance .

This tolerance often attr ibutes to the unique nature
and ability of their blood . A good number of bivalve
and ann elid spec ies in mud sedimen t and similar
har sh environments have crimson blood that looks
very much like ours, clearly con tras ting to the usual ,
bluish transparen t blood of mo lluscs and crusta
ceans in well-oxidized habitats. Their red blood
contains haemoglobin and provides greater capacity
in transport ing oxyge n from the gill or other sur
face of the body to int ernal organs than that of the
haemocyanin-containing, blu ish blood. Moreove r,
some red blood in these invertebrates is less affected
by sulph ide poiso ning and thus maintains cellu lar
respirat ion in reducing environments . Sulphide tol
erance also attribu tes to pro tection from symbiotic

bac teria, wh ich oxidize and neutralize the toxic com 
pound for their ene rgy. Such symbiotic bacteria are
fou nd eithe r externally on the surface of the an imal
or in ternally in the gill or other organs.

Sulphide oxi diz ing bacteria have a more Significa nt
role for animals at the interface between an oxic
and aerob ic env ironments. Th e symbio tic bacter ia
provide the ene rgy from sulphide ox idiza tion to
host animals, whic h partl y or completely depend
on thi s supply, wi th or wit ho u t a degen erat ive
digest ive tract for no rma l food consump tion. On
the o ther hand , free-living members of sulphi de
oxid izing bacteria in sediment and on hard su b
stra tes may cons titu te the main diet for deposit
feeders and grazers in th e red ucing habitats. Suc h
free -living bac teria are ubiqu itous and sometimes
form large filarnen tous colonies that are visible to
th e naked eyes as white, hairy patches on buried
stones an d wood in mud sedim ent . The reducin g
environments can thus be favourable habitats for
th e specialized an ima ls, often with a lim ited num
ber of compe titors and predators .

Th e sulphide-dependen t ecosys tem is first recog
nized at deep-sea hot spr ings called hydr other
mal vents . Since the as ton ish ing discoveri es of
th e Rift ia tubeworms, Vesicomya gian t clam s and
Bathymodiolus mussels in th e lat e 1970's, th e rela
tion sh ip between these deep-sea anima ls an d th eir
symbiotic ba cter ia have attrac ted much att ention
from scientis ts , and a number of other symbiotic or
non- symbi oti c invert ebrat es have been described
from th e deep-sea ven ts. Th e vent ecosystem is
truly unique as it is independent of the energy from
sunlight and ph otosyn th esis: hydrogen sulphide
originates from the ocea n plat e heated by the hot
magma . Soon after th e dis covery of th e ven t fauna,
symbiot ic associa tio n was found between su lphide
oxidi zing bac ter ia and severa l gro ups of clam s
(e.g. Solemya, Lucinorna , Anodontia and Thyasira)
in mud sediment in intertida l an d su b tidal wa ters ,
where sulphide originates fro m bacterial decompo
sition of orga nic matt er. O the r reducing enviro n
ments with the su lphide of orga nic origin include
su nken woo d and wha lebo ne comm un ities in th e
deep sea . Symbiotic animals in cludi ng myt ilid
mussels and Osedax worms have attracted increas
ing int erest along with a number of non- symbiotic,
ba cteri al feeders in these communities .



Figure 433: Collecting molluscs from sulphide rich, oxygen poor habitats.
A: Turning over a dead coral, deep buried in sand-silt sediment, at a beach on Aore Island. B: Under -surface of the dead coral show s
th e orange colour of oxidized iron, a good sign for the anoxic/aerobic interface and its unique molluscan faun a, along w ith the smell
of rott en eggs. C: Gastropods found on th e surface (arrows): an unidentified skeneimorph snail (upp er left) and a phenacolepad id
limp et (right). D: Phenocolepos scobinoto, another species of Phenacolepadidae from the same rock, also shown in E. The shell
approx imat es 10 mm in diameter; arrow heads indicate its egg capsules. E: Phenacolepadids show amazing tolerance to oxygen
poor reducin g water , thanks to th eir red blood cells and huge gill (arrows). Their degenerative eyes are useless in the cryptic habitat ,
but nume rous tentacles, two long ones on th e head and others on the mantle edge, compensate the lack of vision. F: Mangrove
swamps provid e more strongly reduc ing habitats, which are preferred by a special assortment of hardy gastropods. A new species
of Phenocolepos was collected under decaying driftwood (arrow) at Belmoul Lagoon, Santo. G: Cinnolepeto pulchello is the
comm onest species of the family in mangrove swamps on western Pacific islands. Photo taken at Matafou, Santo . (Photos Y. Kano) .

In co n tras t, m uch less a tte ntion has pr eviou sly
been paid for apparently no n-symbio tic molluscs
associated with reducing envi ron me n ts in more
eas ily accessible tidal flat s. These molluscs ca n be
found on th e under-surface of deeply em bedde d
rocks an d decaying wood, whic h crea te sea led and
sta ble red ucing co nd ition (Figs 433A-B &: 433F) .
The mollusc-bearing su rface is o ften brown to

orange in colo ur due to th e ac tivi ty of iro n ox i
d izing bacteria , whi le sometimes it is black an d
covered with wh ite, hairy pat ches of (possibly sul
phid e oxi dizi ng ) bact er ia. T he mo lluscan fauna of
deep-buried rocks and wood is di verse bu t largely
u nexp lor ed and contains coun tless of new species.
Gastro pod species exclusive to this assemblage
belo ng to the fam ily Phenacolep adi dae, Rissoidae
(so me Rissoil1 a) , l r avadi ida e, Elachisinidae,
Caecidae, Vitrinellid ae (e .g. Pseudoliotia, Circulus
an d Ee inos to ma), Cost ell ariidae (some Tnala),

Corniros tridae, Or bitestellidae and Pyramide llidae
(so me Odostomia). Bivalves and polyplacophorans
are compa ra tive ly rare, but galeommatid clams and
leptochitonid ch ito ns are co ns picuous members
of the fauna. Sym bios is with su lp hide oxi d izing
bacteria has not ye t been found in th ese mo lluscs .
Th ey are mostl y grazers of bacteri a or deposit feed 
ers , whi le cos tella riids and pyramidellid s are car
ni vorous and feed on othe r moll uscs or annelids .
Many of the tru e members of this redu cing environ
ment , including all phenacolepadids , some iravadi ids
and vit rine llids , an d galeommat id Barrimysia have
crimson to pinkish appea rance of the body, suggesting
the presence of ex trace llular or intrace llu lar haemo
globin in their blood . Among the entire Gas tropoda ,
erythrocytes or red blood cells containing haemoglo
bin have been found only in the nerit imorph fam
ily Phenacolepadi dae (F ig. 433 E) . Phenacolepadid
limpets represent the com mo nes t and mos t charac-



teristic molluscs of the buried environment. Besides
the unique blood , they evolved a huge gill to increase
the capaci ty of oxygen intake . They are relatively
large (4-20 mm) amo ng the sma ll mo lluscs of the
environment ; their flat body and she ll, seem ingly
advantageous under rocks and wood , may possibly
have acquired as a resu lt of adaptation.

Phenacolepadids also dwell in vario us red uc
ing habitats in th e deep sea including hydro 
therma l vents , cold seeps and sunken pieces of

wood . Interes tingly, many ot he r molluscan groups
of the dee p-buried objec ts in the tidal fat , such
as Lep toch ito nidae, Iravadiidae, Elac hisinidae ,
Vitr ine llidae and Orbi testellidae, similarly have
close relati ves in th e ven t or sunken-wood com
munity, sugges ting eco log ica l and evo lutionary ties
bet ween the sha llow- and deep-wa ter biotopes.
Future studies on th is li ttl e known assemblage in
th e tidal flat may shed new light on the origin and
evo lution of th e now ex tensively investigated fauna
in th e deep sea.

MARINE INTERSTITIAL
Timea I\leusser

It was no t unt il the beginning of the 20th cen tury
tha t biologists discovered the water-filled in ter
sti tial space be tween the grai ns of coastal marine
sands as a habita t for organisms .

The in ters titia l enviro nment is characterized by
extreme ecological conditions, suc h as weak light
or limi ted amo unt of space that determines the size
of the organisms and restricts the meiofauna to tiny
organisms suited to a lacunar environment. Wind and
wave action mod ify the interstitia l biotope by con
tinu ous restratification of the surface of the sand . The
permanent rearrangement of the particles contributes
to a dynamic environment and avoids the colon iza
tion by plants . Moreover, the living con dit ions in the
intertidal zone or sha llow water are complicated by
dif ferent physical factors : the tempera ture is depen
den t on the day times, seasons and the rhyt hm of
tides and thu s, fluctu ates considerably in the surface
sand layers . On the other hand , the salin ity dec reases
by rainfall or by the inflow of coastal freshwa ter and
otherwise increases by evaporatio n.

Organisms whic h successfully colonize the marine
in tersti tial, called the mesopsam mon, often deve lop
differen t morphological and bio logica l adap tations.
Body sizes are usu ally very small ranging from
0.5 mm to approx . 5 mm . Vermiform elongated or
flat and broad body shapes are commonly favoured .
The body wall of ten is reinforced by cuticle or

subepidermal spicules for mechani cal pro tec tion .
Usually, members of the meiofauna have a goo d con
tractibility and a high adhesive capaci ty by epider
mal glands to avoid being wash ed away. Locomo tion
occurs via ciliary gliding, crawling or writhing. The
miniaturization of the species gene rally invo lves the
reduction of gametes so that only approximately
1-10 oocytes ma ture per female at a time.

Many phyla of invertebra tes are rep resen ted in
the marine meiofauna, e.g. Cni da ria , Turbe llaria,
Nema toda, Polychaeta , Echinodermata , Art hropoda
and Mo llusca . However, th e mai n focus of meio
fauna sampling duri ng this expedi tion was on
opisthobranc h mo lluscs.

Int erst it ial op istho branc h asse mblages are subject
to seasona l variations and co mprise rheophilous
species most of them living in clean and oxygenated
wa ters . A long-ter m study in th e Mediterranean Sea
dem on strated that th ey are pa rticularly sensi tive to
any clogging of th eir habitat , ei the r by man-made
coas tal po llu tion or by decrease o f marine hydro
dynamism , resu lti ng in an impoverish men t or even
disappeari ng of th e opisthobranchs. Th erefore, th ey
have been pro posed as biolog ical indica tor organ
isms in the past.

W hile the interstitial fauna along the European
coas t has been extensively sampled, the interstitial

•~
g

Figure 434 : Method for collecting interstit ial moll uscs. A: Coll ect sand samp le wi th few seawater, let the sand in th e shade fo r 1-2
days. B: Take some sand, add MgCb solution, mix gently and wa it at least 10 min utes. C: Shake gently to suspend organic particl es,
decant quickly through a 80 urn sieve. 0 : Turn around the sieve, wash particles into dish wi th seawat er.
Finally loo k for organisms unde r a binocular microscope.

3T5 •
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molluscs of the Sou th Pacific are almost unex
plo red. Our knowledge is limited to a few species
of Fiji and the Solomon Islands.

Opis tho bra nc h spec ies on Vanuatu were extracted
from superficial , subtida l sand samples as indi
cated in figu re 434. Th e majority of the opistho
branch asse mblage discovered are representatives
o f the Acochlid ia (Figs 435A-D) , which com
pr ises sp ecies with high morphological and bio
logical div ersity. At least one of the acochlidian
spec ies found is new and was recently des cribed
as Pseuduneia espiritusanta Neusse r &: Schrodl ,
2009 (Fig. 435D) is abo u t a new, ye t und escribed

sp ecies. It inhabits an interstitial brackish-water
fauna underside of stones deeply embedded into
th e sa nd , wh ere coas tal subsoil water mixes with
sa lt water in the intertidal pools. Several opist
hob ranch species wit h so far unknown identity
(Figs 435E- I-I) are a sign of th e large am ount of
unknown spec ies and ind ica te: whe rever we have
a closer look to th e sand , we can dis cover ne w
opis tho bra nch spec ies . We are far from estimat
in g th e ac tua l spec ies di versit y of tropical inter
s ti tial opis tho bra nc hs , or kn owin g ab out th eir
eco logy and evo lu tion - and probabl y th e same
applies to mos t othe r inters ti tial gro ups as we ll.

Figure 435 : Interstitial opisthobran ch molluscs from Santo and surrounding area.A: Poragon itus sp., 2 mm (collected on Malo Island).
B: Microhedyle sp., 3 mm (coll ected on Malo Island). C: Pseudunelo sp. 1, 4 mm (collected on Mounparap Island). D: Pseudunelo
espiritusonto, 10 mm (coll ected on Santo). E: Pseudovermis sp., 4 mm (coll ected on Mounparap Island). F: Philinoglossidoe sp.,
2 mm (coll ected on Mounparap Island). G: Cephalaspidea sp., 1 mm (collected on Mounparap Island). H: Philine sp., 0.4 mm
(collected on Mounparap Island). (Photos T. Neusser).

. ~7f,
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MANGROVE ENVIRONMENTS OF SOUTH EAST SANTO
Jean-Claude Plaziat & Pierre LOZQuet

Th e volca nic ongm an d a persisten t ra ising tec
ton ic ac tivity of the Vanua tu arch ipelago explain
the limi ted extension of mangrove environments,
even on the largest islan d of Espiritu San LO. Along
most of its st eep shoreline, th ere is few appropriate
areas for fores ted salt-ma rsh developmen t: no del
taic area , very limi ted est ua ries and cliffs resul ting
from a genera l upheava l o f the Quaternary fringing
reefs . The adv erse ocea n energy of exposed coasts
nevertheless is reduced by the co mplex islands
topography of SE Santo. Settings of the most inter-

es ting mangrove se ttlements are therefore located
behind local accumulat ions of sediments deposited
on protected shores of the mainland or between
assoc iated islands (Palikulo, Matevulu , Malo)

Rain fall is not only drained by broo ks and small
turbu lent riv ers, bu t also del ivered LO the sea by
seepage or thro ugh innumerab le kars tic channels
of the raised reef terraces. T his ubiquito us fresh
wate r de livery lowers the littoral salini ty be twe en
20 an d 30 %0 at low tide, even in the absence of
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Figure 436: A: mangrove trees diversity gradie nt in the Pacific ocean (according to Duke, 200 6) . B, C: Location of the prospected
shoreline on the SW Espiritu Santa area, with respect to latitu des and longitudes. D: mangal sites wher e mo lluscs were collected.
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Figure 437: The conical pneumatophores show the peripheral extension of the buried roots of a Sonneratia mangrove tree (on the
right) whereas the arched stilt roots of a Rhizophora (left) are mainly subaerial. VM3 Mangal established on a fossil fringing reef.

river output. Th is indu ces brackish wa ter habitats
in front o f cliff sho reli nes ex cluding mangroves as
well as on roc ky tid al flat s with Rhizophora se tt led
on pal eo -co ra l reefs .

Th e different se ttings th at allowed man grov e devel
opment are dis crete and of limited extension . The
ma in rivers (Wambu - VM15, Sarakata Rivers) have
a very short sa line estuary incl uding mangroves.
Th eir bottom grad ient and lreshwater [low lim it the
man gro ve ecosys tem (= mangal) to a few hundred
metres from the shoreline. Inland steep banks con
tribute to the rapi d ma ngroves exclusion .

Other drainage morphologies are now follow ed
by rivulets, possibil ity after sunking of the sur 
[ace wa ters in kars ts cha nnels . Th e resu lts is a
d rowned valley mainl y influenced by tidal waters
i.e. a lagoon se tt ing (Belmoul - VM9 , Mat ewulu
lago on - VM19) where mangrov e trees fringe the
inland banks.

Satellite islands wit h high relief or flat but ex ten
sive reefal islan ds favour the SE coas ts of Esp iritu

San to wit h respec t to the pro tecti o n lrom th e high
est ocean ene rgy. Th e main man gals developed on
she ltered sho res where co ral sa nds acc umula ted
an d bu ilt a spi t (Palikulo - VMIO, 54) or emergent
ban ks (Ratu, Aseluka - VM16, Mounparap-Oyster
isl. - VM39) . A few other sm all mangals are located
on th e mainl and shore, in na turally protected set
ting s (N of Matew alu channel - VM20 , Saraoutou
- VM52) and in a man-ma de enclosure bathed by
ope n sea wat ers (Van uatu Maritime Co llege at la
Roseraie - VMl) .

The rocky tidal Oats are o n ly locally settled by
mangroves , 'wh ere the usu al cl iff morphology
of fossil reefs is dismantled and more or less
ab rad ed , giv ing sand pocket s where th e s ti lt
roo ts o f Rhizophora ma y cree p th eir way (Naso u li
bay - VM3) .

Finally, the ma ngrove subst rates are especially var
ied bu t not ex tensive, ranging from rocky shores to
muddy sa nds while excluding the most propicious
deltaic/estuarine muds. On the other hand , fresh
water deliver y and climate equa bility are favouring
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factors. Th e mangrove trees diversity is an int er
mediate one. Rhizophora, Sonneratia and Avicennia

are the most representative , plus local Bruguiera,
Xy locarpus and Acanthus. Th e classic algal mu ff
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Figure 439: A: An oyster sett lement on the mangal front of a protected shore (VM20). At low tide, P. Lozouet looks at the low
diversity mo lluscs association of Saccostrea and Isogn omon clinging to the Rhizoph ora stilt roots, mostly at the back of their bark
cylinder. This reflects the need of protect ion for larvae sett lement of the oysters on the outermost root substrates. B: In the more
intern al root thicket the large Isognomon ephippium are byssaly attached by bundl es up to tens of shells. C: On the mudd y sand
bott om of the internal part of a larger mangal (Palikulo, VM 10) the potamidid Terebralia palustris is especially abundant, with a high
size diversity that suggests a fairly conti nuous recruitm ent (no seasonality). (Photos J.-c. Plaziat) .



around Avicennia or Sonneratia pneumatophores
(cf. bostrichietum) is a very local subenvironment
(Palikulo - VMI0, Saraoutou - VM52). As the
mangals never extend on areas more than tens of
metres large, except at Palikulo, internal zonation
of trees is not evidenced. The only general pattern
is the seaward fringe dominated by Rhizophora.

The molluscs collected in these mangals reflect the
intermediate location of the Vanuatu archipelago:
between the impoverished New Caledonia and the
empty Pacific ocean core (Fig. 436A) this is not a
rich mangal malacofauna.
The most abundant species is Terebralia palustris,
locally considered as a seafood (resettled from
Palikulo to Urelapa isl. - VM26, in an anchialine
pond, for example). Its moderate size and the
non-seasonality of its recruitments (no excessively
dry season) explain an unusual continuity of size
distribution (s 5-100 mm) on the muddy bottom
of shaded sites, the younger specimens living in
lower intertidal depressions. The location of T
palustris in the inner mangal at Palikulo may be
interpreted as a response to the limitation of mud
bottom and decaying vegetal detritus to this part
of the mangal where permanent puddles favour
the first growth stages of this potamid. The outer
mangal is conversely enriched in coarse sand,
repeatedly washed and spread by storms, adverse
to mud-creepers.

The most conspicuous mangal neritid is the big
Nerita planospira, generally clinging to mangroves
trunks and branches above high tide but foraging
down to the muddy bottom of the inner man
gal. Other species N. pulicata, squamosa, reticulata
creep only on the intertidal muddy sand. In the
same mangals, the smaller neritinids (Neritodryas,
Vitta, Clithon, Neripteron) do not move far from the
mud and litter bottom.
The littorinid man gal genus Littoraria is not unfre
quent but not so varied. It has been collected not
only on peripheral mangrove trees but also on
the bark of terrestrial big trees, rooted on low
cliff shores, that low down to the tidal reach.
The ellobid family is only represented by a small
Cassidula, locally crowded on shaded slender
trunks, above high tides. Other so-called mangal
ellobid genera (Pythia and Melampus) actually
dwell in the coral rubbles associated with drifted
plant detritus in the high tide deposits of exposed
shores. Another controversial subenvironment is
the drifted deposit of the highest tide mark, that
may constitute the innermost mangal belt, at the
limit of the terrestrial realm. At Palikulo its ben
efits from a mixture of mangroves and terrestrial
leaves and other decaying detritus, under shade
of the terrestrial forest. The malacofauna includes
Melampus, Pythia and Truncatella.
The Fissalabia mangal habitat of Palikulo (with
Terebralia in an Avicennia subenvironment) was
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observed only in 2005. This is evidence of the
patchy unstable distribution of molluscs in the
subtropical mangals.

Bivalves are also sporadically abundant. Oysters
(three morphs including typical Saccostrea cuccul
lata) are locally attached to Rhizophora roots or
less frequently to Avicennia or Sonneratia pneu
matophores of the outermost mangal belt. North
and South of Matewulu channel (near Oyster
island) oyster settlements are associated with an
Isognomon. The big Geloina coaxans, an estimated
seafood, is abundant at Palikulo but also identified
in other sites by empty shells abandoned after fire
opening in the wild.

We shall insist on the extreme rarity of barnacles
on the mangroves barks, in contrast with New
Caledonia for example. Mangals crabs are not
varied and abundant either, except locally with
small red or yellow clawed Uca. The infrequent
amphibious fish Periophthalmids are less than
10 cm long.
A very special mangal setting deserves comments.
In the shallow (intertidal) inlet of Asuleka island
- VM16, 18 (N of Malo 1.) Rhizophora, Sonneratia
and Bruguiera developed fairly well whereas the
mangal malacofauna is especially poor. On sand
banks emergent at low tide, a dense coral car
pet (a Poritid Montipora and few other forms),
locally associated with patches of sea-grass and
Halimeda, extends to the Rhizophora belt, so that
its stilt roots anchor between living corals; It there
fore is difficult to exclude intermingling assem
blages, especially from wandering animals such as
Holothurians and Polyplacophora. Nevertheless
spiny species of both groups have been observed
only on the Rhizophora roots of this marine set
ting (Fig. 438). Another Holothuria, H. leucospi
Iota seems to characterize the inner mangal with
Terebralia at Palikulo.
As far as the animal biodiversity is concerned,
we must insist on the distribution between the
mangal biotope -the intertidal forest shaded by
mangroves trees- and adjacent environments.
The varied Terebrid malacofauna associated with
asterid echinoderms of Belmoul lagoon (VM9) ,
while the adjacent 'mangal malacofauna is espe
cially poor, clearly illustrates such a juxtaposition
with local contrasting biodiversities.

To sum up, the varied mangals of Santo suggest
that the Vanuatu archipelago is a significant bench
mark in the general West-Pacific impoverishment
gradient from the Indo-malayan core, at the genera
as well as the species level. High volcanic islands
and raised reef terraces are additional unfavor
able local conditions, more valid explanations than
anthropic deterioration as most of the observed
mangals appear to have not suffer from recent
human interferences.
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Figure 440 : A: The landward fringe of a large mangal (VM54, Palikulo) . This is the true shoreline, at the limit between the supratidal
forest (left) and the tida l swamp (mangal) wi th Avicennia (pneumatophores) and Rhizaph ora mangrove trees. The sandy "beach"
slope is underlined by drifted plant detritus (tide marks), a special biotope (B) rich in decaying leaves, favouring Ellobid s (banded
Melampus, up to 10 mm) and Truncatel/a (right top).C: Geloina, the tasty mangal Cyrenid partly buried and excavated (6 cm long)
from the muddy sand bottom of the internal mangal at Palikulo (VM 10). D: A Littoraria creeping on a Rhizoph ora leave of the the
peripheral mangroves belt, above tide level. E: Another tide-mark litter but drier, wi th Pvth io ( 15 mm). (Photos J.-c. Plaziat).
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CHECKLIST OF THE FISHES
Ronald Fricke, John L. Earle, Richard L. Pv!e & Bernard Seret

This checklis t includes th e fish spe
cies recorded from th e Espiritu San to
Group, Vanua tu . A detailed , anno ta ted
che cklis t of all Vanua tu fish species

including dis tribution data, literature references
and ma terial lis ts is in preparation by R. Fricke.
The ch ecklis t comprises all records th a t could
be verifi ed eithe r by mu seum specimens (includ
ing deep wa ter materials of the MUSORSTOM 8
cruise) , by confirma tion by revising au tho rs, or
by the iden tifica tion of photographs and video
seq uences taken by Adrian Gittenberger (National
Museum of Natu ral Hist ory Naturalis , Leiden),
Tan -Heck Hui (University of Singapo re) , Damien
Hinsin ger (MNH N) , Peter Ng (Raffles Museu m
Singa pore) , Richard Pyle an d J ohn Earle (BPBM)
and Sarah Sama di (IRD, Paris ) during the Santo
2006 exp edition , are included.

Families are arranged systematically accord ing to the
fourth edition of The fishes of the world by Nelson
(2006) , and gener a and species alph abetically under
the family names. Th e genus and species class ifica
tion is mainly based on the Online version of the
Catalog of fi shes by Eschm eyer. In the check list, ref
erence is given to materials in the collections of the
Australian Museum Sydne y (AMS), the Academy of
Natural Sciences of Philadelphia (ANSP), the Natura l
History Museum London (BMNH), the Bernice P
Bishop Museum Honolulu (BPBM), the California
Academy of Sciences (CAS), the Field Museum of
Natural Hist ory Chicago (FMNH), the Museu m
Na tional d'Histoire Nature lle Paris (MNHN), th e
Stanford University Collection (SU, now deposi ted
at CAS), the Staat liches Museum fur Naturkund e
Stu ttga rt (SMNS) , an d the Nationa l Museum of

Natural History Washington D.e. (USNM) in order
to document records. Video clips serving as spe
cies records are kept at BPBM, along with loca tion
data, habitat , depth and abun dance for those spe cies
record ed by video .

The presen t check lis t of the fishes of the Espiritu
Santo Group incl udes a to tal of 917 spec ies . Among
these, 809 sp ecies are recorded from Esp iritu San to
for the first time; 514 species are first records for
Vanuatu. As th e fish fauna of Espiritu San to is still
poorly kn own , additional spe cies are expected to
be added to the lis t in th e future. An ichthyologi
cal ex pedition using ro tenone and othe r collecting
techniques and sea rching in a wide r variety of habi
tats might dou ble the number of spec ies known
from the island gro up .

The 10 largest shore fish families are the Labr idae (81
species, 8.8 % of the total species) and Pom acentridae
(81 species , 8.8 %), Gobiidae (72 speci es, 7.8 %) ,
Serranidae (49 species , 5.3 %), Apogon idae (37 spe 
cies, 4 .0% ), Cha eto don tidae (3 1 sp ecies, 3 .4 %),
Acan thur idae (28 species , 3.1%), Blenniidae (25 spe
cies, 2.7 %), Scaridae and Holocentridae (21 species
each, 2.3% each) . Small and cryp tic species, however,
are probably un der- represen ted in these statistics. In
2006, in a checklist of the marine shore fishes of the
neighbouring New Caledonia, Fricke ts: Kulb icki
found the Gobi idae to be the most common shore
fish family with 169 species (9.4% of the total spe 
cies), followed by the Labridae (118 species, 6.7%),
Poma centridae (l09 spec ies, 6.2%), Serranidae (86
species, 4.9 %), and Apogonidae (78 species, 4.4 %).
Similar percentages, though sligh tly fewer species,
are expec ted for the Espiritu Santo Group.

• • • Fishes recorded from Espiritu Santo group, Vanuatu

Species indicated with an asterisk ("') are new records for the Espiritu San to Group and for Vanu atu ; th ose
marked with a cross ( t) are new records for the Espiritu Santo Group , but have been recorded previously
from other areas in Vanua tu .

••• Scyliorh in idae
*Galeus priapus Seret &: Last , 2008 - MNHN material (Rece n tly described by Seret &: Last, 2008)
* Parmaturus albipenis Seret &: Last , 2007 - MNH N ma terial

••• Triakidae
t Iago garrichi Fourmanoir &: Rivaton, 1979 - MNHN material
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••• Carcharhinidae
*Carcharhinus albimarginatus (Ruppell, 1837) - Video sequence 2006 Vanuatu
*Carcharhinus amblyrhynchos (Bleeker, 1856) - Video sequence 2006 Vanuatu
*Carcharhinus melanopterus (Quoy &: Gaimard, 1824) - Video sequence 2006
tGaleocerdo cuvier (Peron &: Lesueur in Lesueur, 1822) - Underwater photograph 2006
tTriaenodon obesus (Ruppell, 1837) - Video sequence 2006

••• Squalidae
Squalus rancureli Fourmanoir &: Rivaton, 1979 - First record by Fourmanoir &: Rivaton (1979: 437-438, figs 25-26)

••• Arhynchobatidae
*Notoraja sp. 1 (to be described by Seret &: Last) - MNHN material
*Notoraja sp. 2 (to be described by Seret &: Last) - MNHN material

••• Dasyatidae
t Aetobatus narinari (Euphrasen, 1790) - Video sequence 2006
tNeotrygon kuhlii (Muller &: Henle, 1841) - MNHN material; photograph 2006
tTaeniura lymma (Forsskal in Niebuhr, 1775) - Video sequence 2006

••• Halosauridae
*Aldrovandia affinis (Gunther, 1877) - MNHN material; photograph 2006
*Aldrovandia phalacra (Vaillant, 1888) - MNHN material; photographs 2006
*Halosaurus ovenii johnson, 1864 - MNHN material

••• Anguillidae
Anguilla marmorata Quoy &: Gaimard, 1824 - Keith et al., this volume
Anguilla megastoma Kaup, 1856 - Keith et aI., this volume
Anguilla obscura Gunther, 1872 - Keith et aI., this volume

••• Muraenidae
*Anarchias allardiceiJordan &: Starks in Jordan &: Seale, 1906 - USNM material
tEchidna nebulosa (Ahl, 1789) - USNMmaterial
tEchidna polyzona (Richardson, 1845) - USNM material
tGymnothorax buroensis (Bleeker, 1857) - USNM material
tGymnothorax chilospilus Bleeker, 1865 - USNM material
tGymnothorax enigmaticus McCosker &: Randall, 1982 - USNM material
*Gymnothorax eurostus (Abbott, 1860) - Photograph 2006
tGymnothorax fimbriatus (Bennett, 1832) - USNM material
*Gymnothoraxjavanicus (Bleeker, 1859) - Video sequence 2006
tGymnothorax margaritophorus (Bleeker, 1865) - USNM material
tGymnothorax melatremus Schultz in Schultz, Herald, Lachner, Welander &. Woods, 1953 - USNM material
*Gymnothorax meleagris (Shaw in Shaw &: Nodder, 1795) - USNM material
tGymnothorax pictus (Ahl, 1789) - ANSp, FMNH, SU and USNM material
tGymnothorax rueppelliae (McClelland, 1845) - ANSP material
tGymnothorax thyrsoideus (Richardson, 1845) - Video sequence 2006
tGymnothorax undulatus (Lacepede [ex Cornrnerson] , 1803) - FMNH and SU material
tGymnothorax zonipectis Seale, 1906 - CAS, MNHN and USNM material; photograph 2006
tUropterygius concolor Ruppell, 1838 - FMNH material
*Uropterygiusfuscoguttatus Schultz in Schultz, Herald, Lachner, Welander &: Woods, 1953 - USNM material
tUropterygius marmoratus (Lacepede, 1803) - SU material

••• Muraenesocidae
*Muraenesox cinereus (Forsskal in Niebuhr, 1775) - MNHN material; photograph 2006

••• Synaphobranchidae
*Atractodenchelys robinsorum Karmovskaya, 2003 - MNHN material
*Histiobranchus sp. - MNHN material
*Synaphobranchus affinis Gunther, 1877 - MNHN material

••• Ophichthidae
Lamnostoma kampeni Weber &: Beaufort, 1916 - Keith et al., this volume
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*Lamnostoma orientalis (McClelland, 1844) - MNHN material; photograph 2006; Keith et aI., this volume
*Lamnostoma polyophthalmum (Bleeker, 1853) - BMNH material
tMyrichthys maculosus (Cuvier, 1816) - MNHN material

••• Nemichthyidae
*Nemichthys sp. - MNHN material

••• Congridae
Ariosoma anago (Temminck &: Schlegel, 1846) - First record by Castle 0964: 13-14, fig. 2)
Ariosoma scheelei (Strornman, 1896) - First record by Castle 0964: 3-13, fig. 1 A-I, 2)
*Bathycongrus aequoreus (Gunther, 1887) - MNHN material
*Bathycongrus guttulatus (Gunther, 1887) - MNHN material
*Bathycongrus wallacei (Castle, 1968) - MNHN material
*Bathyuroconger sp. - MNHN material
tConger cinereus (Klunzinger [ex Ruppell], 1871); authorship according to Fricke (2008: 15) - USNM material
Conger verreauxi Kaup, 1856 - First record by Castle 0964: 24-28, fig. 8 G-H)
Conger wilsoni (Bloch &: Schneider [ex Banning], 1801) - First record by Castle 0964: 19-24, fig. 6 A-H, 9 A-C)
*Parabathymyrus sp. - MNHN material
*Rhechias sp. - MNHN material

••• Clupeidae
*Anodontostoma selanghat (Bleeker, 1852) - USNM material
tHerhlotsichthys quadrimaculatus (Ruppell, 1837) - Video sequence 2006; photograph 2006
t Spratelloides delicatulus (Benne tt, 1832) - FMNH and SU material

••• Chanidae
tChanos chanos (Forsskal in Niebuhr, 1775) - Video sequence 2006

••• Alepocephalidae
*Conocara microlepis (Lloyd, 1909) - MNHN material

••• Synodontidae
*Saurida gracilis (Quoy &: Gaimard, 1824) - USNM material and video sequence 2006
*Saurida nebulosa Valenciennes in Cuvier &: Valenciennes, 1850 - MNHN material; video sequence 2006;

photograph 2006
*Synodus jaculum Russell &: Cressey, 1979 - Video sequence 2006
*Synodus similis McCulloch, 1921 - MNHN material; photograph 2006
t Synodus variegatus (Lacepede [ex Comrnerson], 1803) - Video sequence 2006

••• Chlorophthalmidae
*Chlorophthalmus sp. - MNHN material

••• lpnopidae
*Ipnops agassizi Garman, 1899 - MNHN material

••• Neoscopelidae
*Neoscopelus microchir Matsubara, 1943 - MNHN material

••• Sternoptychidae
*Argyropelecus lychnus Garman, 1899 - MNHN material; photograph 2006
*Polyipnus indicus Schultz, 1961 - MNHN material
*Polyipnus omphus Baird, 1971 - MNHN material

••• Phosichthyidae
*Polymetme sp. - MNHN material

••• Myctophidae
t Symbolophorus evermanni (Gilbert, 1905) - MNHN material

••• Polymixiidae
*Polymixia japonica Gunther, 1877
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••• Bregmacerotidae
*Bregmaceros Sp. - MNHN material

••• Macrouridae
*Caelorinchus acutirostris Smith & Radcliffe, 1912 - MNHN material
*Caelorinchus anatirostris Jordan & Gilbert, 1904 - MNHN material
*Caelorinchus argentatus Smith & Radcliffe, 1912 - MNHN material
*Caelorinchus sereti Iwamoto & Merrett, 1997 - MNHN material
*Cetonurichthys subinflatus Sazonov & Shcherbachev, 1982 - MNHN material
*Cetonurus crassiceps (Gunther, 1878) - MNHN material
*Hymenocephalus longibarbis (Gunther, 1887) - MNHN material
*Hymenocephalus megalops Iwamoto & Merrett, 1997 - MNHN material
*Hymenocephalus nascens Gilbert & Hubbs, 1920 - MNHN material
*Kuronezumia bubonis Iwamoto, 1974 - MNHN material
*Lucigadus acrolophus Iwamoto & Merrett, 1997 - MNHN material
*Mataeocephalus cristatus Sazonov, Shcherbachev & Iwamoto, 2003 - MNHN material
*Nezumia aspidentata Iwamoto & Merrett, 1997 - MNHN material
*Nezumia propinqua (Gilbert & Crarner, 1897) - MNHN material
*VentriJossa nigrodorsalis Gilbert & Hubbs, 1920 - MNHN material

••• Moridae
*Physiculus longifilis Weber, 1913 - MNHN material
*Physiculus roseus Alcock, 1891 - MNHN material
*Physiculus therosideros Paulin, 1987 - MNHN material

••• Bythitidae
Alionematichthys riuhiuensis (Aoyagi, 1954) - USNM material (recorded by M011er & Schwarzhans, 2008: 113)

••• Aphyonidae
Barathronus sp. - MNHN material

••• Ophidiidae
t Brotula multibarbata Temminck & Schlegel, 1846 - USNM material
*Dicrolene longimana Smith & Radcliffe in Radcliffe, 1913 - MNHN material
*Monomitopus garmani (Smith & Radcliffe in Radcliffe, 1913) - MNHN material
tNeobythites malayanus Weber, 1913 - MNHN material; photograph 2006
*Neobythites pallidus Nielsen, 1997 - MNHN material
*Neobythites sp. - MNHN material; photograph 2007
*Neobythites unimaculatus Smith & Radclifle in Radcliffe, 1913 - MNHN material; photograph 2006
*Porogadus miles Goode & Bean, 1885 - MNHN material
*Sirembojerdoni (Day, 1888) - MNHN material; photograph 2006
*Tauredophidium hextii Alcock, 1890 - MNHN material

••• Carapidae
*Carapus mourlani (Petit, 1934) - MNHN material; photograph 2006
*Pyramodon ventralis Smith & Radcliffe in Radcliffe, 1913 - MNHN material; photograph 2006

••• Antennariidae
Antennarius coccineus (Cuvier in Lesson, 1831) - First record by Pietsch & Grobecker (1987: 144-153);

USNM material
*Antennariuscommerson Lacepede [ex Commerson] in Anonymus, 1798 - MNHN material; photograph 2006
Antenarius dnorehensis Bleeker, 1859 - First record by Pietsch & Grobecker (1987: 166-170), and AMS material
t Antennarius nummiJer Cuvier, 1816 - BPBM and MNHN material; video sequence 2006
*Antennarius rosaceus Smith & Radcliffe in Radcliffe, 1912 - MNHN material; photograph 2006

••• Lophiidae
*Lophiodes naresi (Gunther, 1880) - MNHN material; photograph 2006
*Lophiomus setigerus (Vahl, 1797) - MNHN material; photograph 2006

••• Chaunacidae
*Chaunax sp. - MNHN material
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••• Ogcocephalidae
*Halieutaea nigra Alcock, 1891 - MNHN material
*Halieutaea stellata (Vahl, 1797) - MNHN material; photograph 2006
*Halieutopsis nudiventer Lloyd, 1909 - MNHN material; photographs 2006
*Malthopsis annulifera Tanaka, 1908 - MNHN material
*Malthopsis lutea Alcock, 1891 - MNHN material; photograph 2006

••• Mugilidae
tCestraeus plicatilis Valenciennes in Cuvier & Valenciennes, 1836 - BMNH material
tChelon macrolepis (Smith, 1846) - BMNH material
Crenimugil crenilabis (Forsskal in Niebuhr, 1775) - First record by Thomson (1954: 117-118, fig. 13);

AMS and BMNH material
Liza subviridis (Valenciennes in Cuvier & Valencienes, 1836) - Keith et aI., this volume
*Moolgarda seheli (Forsskal in Niebuhr, 1775) - USNM material

••• Exocoetidae
*Parexocoetus brachypterus (Gunther, 1866) - USNM material
*Parexocoetus mento (Valenciennes in Cuvier & Valenciennes, 1847) - MNHN material

••• Herniramphidae
t Zenarchopterus dispar (Valenciennes in Cuvier & Valenciennes, 1847) - USNM material

••• Belonidae
*Strongylura urvillii (Valenciennes in Cuvier & Valenciennes, 1847) - USNM material
tTylosurus crocodilus (Peron & LeSueur in LeSueur, 1821) - USNM material

••• Atherinidae
t Atherinomorus duodecimalis (Valenciennes in Cuvier & Valenciennes, 1835) - SU material
t Atherinomorus lacunosus (Bloch & Schneider [ex Forster] , 1801) - FMNH and USNM material

••• Monocentridae
*Monocentris japonica (Houttuyn, 1782) - MNHN material; photograph 2006

••• Berycidae
*Centroberyx sp. - MNHN material

••• Holocentridae
t Myripristis adusta Bleeker, 1853 - USNM material; video sequence 2006
tMyripristis bemdti Jordan & Evermann, 1903 - USNM material; video sequence 2006
*Myripristis chryseresJordan & Evermann, 1903 - Video sequence 2006
t Myripristis hexagona (Lacepede, 1802) - Video sequence 2006
t Myripristis huntee Valenciennes in Cuvier & Valenciennes, 1831 - Video sequence 2006
t Myripristis murdjan (Forsskal in Niebuhr, 1775) - FMNH and USNM material; video sequence 2006
tMyripristis violacea Bleeker, 1851 - SU material; video sequence 2006; underwater photograph 2006
*Myripristis vittata Valenciennes in Cuvier & Valenciennes, 1831 - MNHN material; photograph 2006;

video sequence 2006
*Neoniphon argenteus (Valenciennes in Cuvier & Valenciennes, 1831) - USNM material; video sequence 2006;

underwater photograph 2006
tNeoniphon opercularis (Valenciennes in Cuvier & Valenciennes, 1831) - Video sequence 2006
t Neoniphon sammara (Forsskal in Niebuhr, 1775) - USNM material; video sequence 2006; underwater

photograph 2006
tPlectrypops lima (Valenciennes in Cuvier & Valenciennes, 1831) - USNM material
*Sargocentron caudimaculatum (Ruppell, 1838) - Video sequence 2006
t Sargocentron diadema (Lacepede [ex Cornmerson], 1802) - Video sequence 2006
*Sargocentron ittodai (lordan & Fowler, 1902) - USNM material
t Sargocentron microstoma (Gunther, 1859) - FMNH and SU material
*Sargocentron punctatissimum (Cuvier in Cuvier & Valenciennes, 1829) - USNM material
t Sargocentron spiniferum (Forsskal in Niebuhr, 1775) - USNM material; video sequence 2006
*Sargocentron tiere (Cuvier in Cuvier & Valenciennes, 1829) - Video sequence 2006
t Sargocentron tiereoides (Bleeker, 1853) - SU material; video sequence 2006
*Sargocentron violaceum (Bleeker, 1853) - Video sequence 2006
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••• Zenionidae
*Zenion japonicum Kamohara, 1934 - MNHN material; photograph 2006

••• Poeciliidae
Gambusia aJ.finis (Baird & Girard, 1853) - Introduced; Keith et aI., this volume
Pocilia reticulata Peters, 1859 - Introduced; Keith et aI., this volume

••• Rondeletiidae
*Rondeletia loricata Abe & Hotta, 1963 - MNHN material

••• Aulostomidae
t Aulostomus chinensis (Linne, 1766) - Video sequence 2006

••• Fistulariidae
tFistularia commersonii Ruppell, 1838 - USNM material; video sequence 2006

••• Centriscidae
t Aeoliscus strigatus (Gunther, 1860) - USNM material

••• Solenostomidae
*Solenostomus paradoxus (Pallas, 1770) - Photographs 2006

••• Syngnathidae
tChoeroichthys sculptus (Gunther, 1870) - CAS material
*Corythoichthys amplexus Dawson & Randall,.1975 - USNM material
tCorythoichthys haematopterus (Bleeker, 1851) - CAS, MNHN and SU material; photograph 2006
tCorythoichthys intestinalis (Ramsay, 1881) - USNM material; underwater photograph 2006
*COlythoichthys sp. (undescribed, Fricke, MS) - MMHN material; photograph 2006
tDoryrhamphus melanopleura Bleeker, 1858 - USNM material
Hippocampus denise Lourie & Randall, 2003 - First record by Lourie & Randall (2003: 286); USNM material
tHippocampus novaehebudorum Fowler, 1944 - USNM material; photograph 2006
tMicrognathus pygmaeus Fritzsche, 1981 - CAS material
tMicrophis brachyurus (Bleeker, 1853) - USNM material; Keith et aI., this volume
Microphis leiaspis (Bleeker, 1853) - Keith et aI., this volume
Microphis manadensis (Bleeker, 1856) - Keith et aI., this volume
Microphis retzii (Bleeker, 1856) - Keith et al., this volume
Microphis sp. (cf. spinachoides) - Keith et al., this volume
*Syngnathoides biaculeatus (Bloch, 1785) - USNM material
*Trachyrhamphus bicoarctatus (Bleeker, 1857) - BPBM material

••• Scorpaenidae
Subfamily Pteroinae
*Dendrochirus zebra (Cuvier in Cuvier & Valenciennes, 1829) - CAS material
*Ebosia bleekeri (Doderlein in Steindachner & Doderlein, 1884) - MNHN material; photograph 2006
tPterois antennata (Bloch, 1787) - CAS material; video sequence 2006; underwater photograph 2006
tPterois volitans (Linnaeus, 1758) - CAS, MNHN and USNM material; video sequence 2006; underwater

photograph 2006

Subfamily Scorpaeninae
*Neomerinthe procurva (Chen, 1981) - MNHN material; photograph 2006
*Parascorpaena mcadamsi (Fowler, 1938) - MNHN material; photograph 2006
*Phenacoscorpius sp. - MNHN material
*Pontinus sp. - MNHN material
t Scorpaenodes guamensis (Quoy & Gaimard, 1824) - FMNH and SU material
*Scorpaenopsis oxycephala (Bleeker, 1849) - Visual census, R. Pyle 2006
Scorpaenopsis papuensis (Cuvier in Cuvier & Valenciennes, 1829) - First record by Randall & Eschmeyer

(2001: 48-49); CAS and MNHN material; photographs 2006
*Scorpaenopsis possi Randall & Eschmeyer, 2001 - Underwater photograph 2006
*Sebastapistes cyanostigma (Bleeker, 1856) - USNM material
SebastapistesJowleri (Pietschmann, 1934) - First record by Randall & Poss (2002: 58-63); USNM material
*Taenionotus triacanthus Lacepede, 1802 - Video sequence 2006
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••• Tetrarogidae
Tetraroge niger (Cuvier in Cuvier & Valenciennes, 1829) - Keith et al., this volume

••• Synanceiidae
*Erosa erosa (Cuvier [ex Langsdorf] in Cuvier & Valenciennes, 1829) - MNHN material; photograph 2006
Inimicus didactylus (Pallas, 1769) - CAS and MNHN material; photograph, 2006; visual census, R. Pyle, 2006

••• Plectrogeniidae
*Plectrogenium nanum Gilbert, 1905 - MNHN material

••• Setarchidae
t Setarches guentheri Johnson, 1862 - Photograph 2006
*Setarches longimanus Alcock, 1894 - MNHN material; photograph 2006

••• Caracanthidae
*Caracanthus maculatus (Gray, 1831) - USNM material

••• Peristediidae
Peristedion pothumaluvae Deraniyagala, 1936 - First record by Rivaton & Bourret (1999: 312)
t Satyrichthys quadratorostratus (Fourmanoir & Rivaton, 1979) - Photograph 2006
*Satyrichthys rugosum Fowler, 1943 - MNHN material

••• Triglidae
*Lepidotrigla sp. - MNHN material
*Pterygotrigla ryukyuensis Matsubara & Hiyarna, 1932 - MNHN material

••• Hoplichthyidae
*Hoplichthys gilberti Jordan & Richardson, 1908 - MNHN material; photograph 2006

••• Bembridae
*Bembradium roseum Gilbert, 1905 - MNHN material; photograph 2006
*Bembras sp. - MNHN material; photographs 2006

••• Platycephalidae
*Onigocia pedimacula (Regan, 1908) .: MNHN material; photograph 2006
*Rogadius pristiger (Cuvier in Cuvier & Valenciennes, 1829) - MNHN material; photographs 2006

••• Psychrolutidae
*Psychrolutes sp. (Fricke, MS) - MNHN material; photograph 2006

••• Ambassidae
Ambassis interruptus Bleeker, 1852 - First record by Allen & Burgess (1990: 165-167); USNM material
Ambassis miops Gunther, 1872 - Keith et al., this volume
t Ambassis urotaenia Bleeker, 1852 - BMNH and USNM material

••• Serranidae
Subfamily Anthiinae
*Plectranthias sp. 1 - Video sequence 2006; photograph 2006
*Plectranthias sp. 2 - MNHN material; photograph 2006
*Plectranthias nanus Randall, 1980 - MNHN material; photograph 2006
*Pseudanthias bicolor (Randall, 1979) - MNHN material; photograph 2006
*Pseudanthias carlsoni Randall & Pyle, 2001 - Video sequence 2006 - (Fig. 441)
t Pseudanthias dispar (Herre, 1955) - Video sequence 2006
*Pseudanthias fasciatus (Karnohara, 1954) - Video sequence 2006
*Pseudanthias Jlavicauda Randall & Pyle, 2001 - MNHN material; photograph 2006; video sequence 2006 - (Fig. 442)
*Pseudanthias hutomoi Allen & Burhanuddin, 1976 - Video sequence 2006
*Pseudanthias hypselosoma Bleeker, 1878 - Video sequence 2006
*Pseudanthias lori Lubbock & Randall in Fourmanoir & Laboute, 1976 - Video sequence 2006
*Pseudanthias pascalus (jordan & Tanaka, 1927) - MNHN material; photograph 2006
*Pseudanthias pleurotaenia (Bleeker, 1857) - MNHN material; photograph 2006; video sequence 2006;

underwater photograph 2006
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Figure441 : Pseudanthias carlsoni. Carlson's Anthias is a new
record for Vanuatu, previously known from PNG,Fiji,and the Loyalty
Islands. We found small groups of this species in 30-40 m, usually
one male, as seen in this image, with several females nearby.

Figure443: Cephalopholis boenak. The small grouper pictured
here appears to be one of this widely distributed Western Pacific
species (though a new record for Vanuatu). It is usually found in
shallow silty habitats. However, the only specimens we saw in
Vanuatu were in rocky habitat at 100 m or deeper. This is a mystery,
and one wishes specimens were collected for close examination!

Figure 442 : Pseudanthias f1avicauda. The Yellowtail Anthias is
a deep water species named by Randall and Pyle in 2001 from
Fiji, and observed by us in 100 m..

Figure 444: Hoplolatilus starcki is one of three species of this
genus observed in Vanuatu. All are new records for Vanuatu
and one appears to be not yet scientifically described. This
species was usually seen in pairs at around 40 m, and would
dive into a hole at the approa ch of a diver.

,. Pseudanthias squamipinnis (Peters , 1855) - Video sequence 2006
t Pseudanthias tuha Herre 6;[ Montalban in Herre, 1927 - Video sequence 2006
*Selenanthias sp. - MNH N material; photograph 2006
*Serranocirrhitus latus Watanabe , 1949 - Video sequence 2006

Subfamily Serra ninae
*Aethaloperca rogaa (Forsskal in Niebuhr, 1775 ) - Video sequ ence 2006
t Belonoperca chabanaudi Fowler 6;[ Bean , 1930 - Video sequ ence 2006
t Cephalopholis argus Bloch 6;[ Schneide r, 1801 - FMNH and USNM material; video seque nce 2006
*Cephalopholis boenah (Bloch, 1790 ) - Video sequence 2006 - (Fig. 44 3)
*Cephalopholis leopardus (Lace pede , 1801) - Video sequence 200 6
t Cephalopholis microprion (Bleeke r, 1852) - USNM material ; video sequ ence 200 6
t Cephalopholis miniata (Forss kal in Niebuhr, 1775) - Video sequence 200 6
* Cephalopholis sexmaculata (Ruppell, 1830) - Video sequence 2006
* Cephalopholis spiloparaea (Valenc iennes in Cuvier 6;[ Valenciennes, 1828) - Video sequence 2006
t Cephalopholis urodeta (Bloch 6;[ Schneider [ex Forster] , 1801) - CAS, FMNH , MNHN, SU and USNM

mat erial ; photograph 2006; video sequence 2006
*Chelidoperca lecromi Fourman oir, 1982 - MNHN material; photograph 2006
*Chelidoperca pleurospilus (Gun ther, 1877) - MNH N material
1' Diploprion bifasciatum Cuvier [ex Kuhl 6;[ Hasselt] in Cuvier 6;[ Valenciennes , 1828 - Video sequence 2006
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* Epinephelus bleeheri (Vaillant, 1878) - MNHN materi al; ph otograph 2006
t Epinephelus coerul eopunctatus (Bloc h, 1790 ) - Video seque nce 2006
* Epinephelus coioides (Ham ilton , 1822) - Unde rwater ph otograph 2006
t Epinephelus cora llicola (Valencien nes [ex Kuhl & Hasselt] in Cuvier & Valencie nnes , 1828 ) - Video

sequence 200 6
t Epinephelus fuscoguttatus (Forsskal in Niebuhr, 1775) - Video seque nce 2006
* Epinephelus macrospilos (Bleeke r, 1855) - Video seque nce 2006
t Epinephe1us merra Bloch , 1793 - SU mat er ial ; video sequence 2006
t Epinephe1us ollgus (Bloc h, 1790) - MNH N and USNM ma terial ; video sequence 2006
* Epillephelus polyphehadion (Bleeke r, 184 9) - Video seque nce 2006
;, Gracila albomarginata (Fowler & Bean, 1930 ) - Video sequence 200 6
Grammistes sexlineatus (Thu nberg, 1792 ) - Firs t record by Fowler (1934: 411); ANSp, CAS and USNM

materi al; un derwa ter photo graph 2006
*Piectropomus areoiatus Ruppell, 1830 - Video sequence 2006
t Ptectropomus laevis (Lacepede [ex Comme rson ], 1801) - Video sequence 2006
t Plectropomus leopardus (Lacepede, 1802) - Video sequence 2006
* Pogo11Operca punctata (Valenciennes in Cuvier & Valenciennes, 1830) - Video sequence 2006
Pseudogramma polyacantha (Bleeker, 1856) - First record by Randall & Bald win (1997: 39 -45) ;

USNM ma terial
t Suttonia tin eata Gosline, 1960 - Video sequence 2006
'" Variola albimarginata Baissac, 1953 - Video sequence 2006
tVariola lout i (Forsskal in Niebuhr, 1775) - USNM material; video sequence 2006

••• Pseudochromidae
tCypho purpurascens (DeVis, 1884) - Video seque nce 2006
Pictichromis porphy rea (Lubbock & Goldm an, 1974) - First record by Lubb ock & Goldman (1974: 107-110);

video sequence 2006
t Pseudochromis fuscus Mu ller & Trosch el , 1849 - CAS and USNM mat erial; video seque nce 2006
* Pseudochromis marshallensis Schu ltz in Schultz, Herald, Lachn er, Welande r & Woods , 1953 - USNM material

••• Plesiopidae
t Plesiops coeruleouneatus Ruppell, 1835 - FMNH , SU and USNM material
t Plesiops corallicola Bleeker, 1853 - SU material
Plesiops verecundus Mooi , 1995 - First record by Mooi (199 5: 57-60 ); FMNH and USNM mat erial

••• Op istognathidae
* Opistognatnus n. sp. I - MNHN material ; ph ot ograph 2006; video seque nce 2006
;,Opistognathus sp. 2 - MNHN mat erial ; ph otograph 2006

Figure 445 : Cookeo/usjaponicus. The Bullseye is a spectacular deep water species, circumtropical in distribution. This specim en seen
at 100 m is th e first record from Vanuatu
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••• Priacanthidae
*Cookeolus japonicus (Cuvier in Cuvier & Valenciennes, 1829) - Video sequence 2006 - (Fig. 445)
*Heteropriacanthus cruentatus (Lacepede, 1801) - MNHN material; photograph 2006
tPriacanthus hamrur (Forsskal in Niebuhr, 1775) - MNHN material; photograph 2006; video sequence 2006
*Pristigenys niphonia (Cuvier in Cuvier & Valenciennes, 1829) - MNHN material; photographs 2006

••• Teraponidae
t Mesopristes argenteus (Cuvier in Cuvier & Valenciennes, 1829) - BMNH material
Terapon jarbua (Forsskal in Niebuhr, 1775) - First record by Fowler (1934: 416); USNM material;

video sequence 2006

••• Kuhliidae
tKuhlia marginata (Cuvier in Cuvier & Valenciennes, 1829) - BMNH and USNM material
t Kuhlia mugil (Forster in Bloch & Schneider, 1801) - ANSP material
tKuhlia munda (DeVis, 1885) - BMNH material
t Kuhlia rupestris Lacepede, 1802 - BMNH material

••• Acropomatidae
t Acropomajaponicum Gunther, 1859 - MNHN material
*Synagrops analis (Katayama, 1957) - MNHN material

••• Dactylopteridae
*Dactyloptena papilio Ogilby, 1910 - MNHN material; photograph 2006
*Dactyloptena peterseni (Nystrom, 1887) - MNHN material; photographs 2006

••• Apogonidae
t Apogon amboinensis Bleeker, 1853 - USNM material
*Apogon crassiceps Garman, 1903 - USNM material
*Apogon posterofasciatus Alien & Randall, 2002 - Video sequence 2006
*Apogon rhodopterus Bleeker, 1852 - USNM material
Apogonichthys ocellatus (Weber, 1913) - First record by Whitley (1959: 314, as Apogonichthys ahimsasantoensis);

USNM material
Archamia fucata (Cantor, 1850) - First record by Gon & Randall (2003: 28-29); USNM material;

video sequence 2006
*Archamia leai Waite, 1916 - Underwater photograph 2006
Archamia macroptera (Cuvier in Cuvier & Valenciennes, 1828) - First record by Gon & Randall (2003:

36-39); USNM material; video sequence 2006
Archamia zosterophora (Bleeker, 1856) - First record by Gon & Randall (2003: 43-45); CAS material;

video sequence 2006
*Cheilodipterus alleni Gon, 1993 - Video sequence 2006
*Cheilodipterus artus Smith, 1961 - Video sequence 2006; CAS material
*Cheilodipterus isostigmus (Schultz, 1940) - CAS material
tCheilodipterus macrodon (Lacepede, 1802) - Video sequence 2006
tCheilodipterus quinquelineatus Cuvier in Cuvier & Valenciennes, 1828 - CAS and USNM'material;

video sequence 2006; underwater photograph 2006
*Fowleria isostigma (jordan & Seale, 1906) - USNM material
*Fowleria punctulata (Ruppell, 1838) - USNM material
*Fowleria vaiulae (jordan & Seale, 1906) - MNHN material; photohraph 2006
t Fowleria variegata (Valenciennes, 1832) - USNM material
tNectamiafusca (Quoy & Gaimard, 1825) - FMNH and SU material
Nectamia viria Fraser, 2008 - First record by Fraser (2008: 41-44, figs 3B, 6C, 7, 16, 18, tabs 2-3, 10);

USNM material
tOstorhinchus angustatus (Smith & Radcliffe in Radcliffe, 1911) - Video sequence 2006
*Ostominchus compressus (Smith & RadclilIe in Radcliffe, 1911) - Videosequence 2006; underwater photograph 2006
*Ostorhinchus cyanosoma (Bleeker, 1853) - CAS and USNM material; video sequence 2006
tOstorhinchus lateralis (Valenciennes, 1832) - USNM material
tOstorhinchus nigrofasciatus (Lachner in Schultz, Herald, Lachner, Welander & Woods, 1953) - FMNH and

USNM material; video sequence 2006
*Ostorhinchus poecilopterus (Cuvier [ex Kuhl & Hasselt] in Cuvier & Valenciennes, 1828) - MNHN material;

photograph 2006
*Ostorhinchus septemstriatus (Gunther, 1880) - MNHN material; photograph 2006
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Figure 446: Coranx papuensis. The Brassy Trevally is another new record for Vanuatu, which was surprising to us. Not only is thi s
fish one that would be expected to turn up in local fishermen 's catches, this species also would approach a diver so closely that one
might consider collecting a specimen w ith a dinn er fo rk. Perhaps this fish, distinct in small details like the black and white spot at th e
upp er gill opening and th e white border of th e low er tai l, has been confused with similar-looking and equally delicious species.

" OstorhinchLls sp. (Fricke, MS) - MNHN material; phot ograph 2006
tOstorhinchLls taeniophoru s (Regan , 1905) - SU ma terial
*Pristiapogon exostigma (jorda n &: Starks , 1906) - USNM material; vide o sequence 2006
t Pristiapogon [raenatus (Valencienn es , 183 2) - Video sequence 2006
;,Pristiapogon halloptem s (Bleek er, 1856) - CAS, SU and USNM material; video sequen ce 2006
Pri sticon tnmaculaius (Cuvier in Cuvier &' Valencie n nes , 1828) - Firs t record by Randall &: Fraser 0999:

619-624) ; FMNH a nd USN M mater ial ; video seque nce 2006 ; u nder wat er phot ograph 2006
'k Rhabdamia cypselura Weber, 1909 - CAS mat eri al ; video se que nce 2006 ; ph otogr aph 2006
;' Siphamia versicolor (Sm ith &: Radcli ffe , 1911 ) - MN HN mat erial; ph otog raph 2006
*Zoramia fragilis (Smith, 1961) - Vide o sequen ce 2006
t Zoramia leptacantha (Blecker, 1856) - CAS ma terial

00 0 Epigonidae
Sphyraenops bairdianus Poey, 186 1 - First re cord b y Fourman oir 0 970: 27 -28 ) an d Bau cho t &: Desoutrer

0989: 26 ) as Scombrospuyraena oceanica)

••• Malacanthidae
*HoplolatilLls sp. Pyl e, MS - Video sequen ce 2006
*Hoplolatilus cuniculus Ra nd all &: Dooley, 19 74 - Video sequen ce 2006
'k Hoplolatilus siarchi Randa ll &: Dooley, 1974 - Video sequence 2006 - (Fig 444)
*MalacanthLls brevirostris Gu iche no t, 18 48 - Vide o sequence 2006
t MalacantllLls iaiovutatu s (Lacepede [ex Co rnrnerso n ], 1801) - Video seque nce 2006

••. Sill agin idae
*Sillago macrolepis Bleeker, 1858 - USNM material

0 '. Ech en eidae
t Echeneis natlcrates Linnaeus , 1758 - BMNH material; video seq uence 2006

••• Ca rangidae
* Carcngouies [erdau. (Forsska l in Niebuhr, 177 5) - Video se que nce 2006; under wat er pho tograph 2006
"Carangoides oblongus (Cuvier in Cuvier &: Valenc ien nes, 183 3) - Video sequ ence 2006
t Carangoides orthogrammLls J ordan &: Gilbert , 188 1 - USNM material; video sequ ence 2006
;,Carangoides plagiotaenia Bleek er, 1857 - Vide o sequ en ce 2006
t Caranx ignobilis (Forssk al in Niebuhr, 1775) - Video sequen ce 2006
t Caranx rnelampygus Cuvier in Cuvier &' Valenciennes, 1833 - CAS ma terial; video sequence 2006
* Caranx papuensis (Alley ne &: Macl eay, 1877 ) - Video seque nce 2006 - (Fig. 446)
t Caranx sexj asciatus (Quoy &: Ga ima rd, 18 25) - USNM materi al
t Elagatis bipinnulata (Q uo y &: Ga imard , 1825) - USNM mat erial ; video sequence 2006
t Gnathanodon speciosLl s (Forsskal in Nie buhr, 177 5) - Video sequence 2006
;,Setar cm menophthalmus (Bloch , 1793) - MN HN material; pho tograph 2006
*Seriola rivouana Valen cien nes in Cuvier &: Valenc ien nes, 1833 - Video sequence 20 06
tTrac hinotus blochii (Lacepede, 1801 ) - USNM material; vid eo sequence 2006
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Figure 447: Paracaesio sordida. The Smallscale Snapper is a new record for Vanuatu, observed in small schools or as individuals
along steep slopes in 70-100 m. P. xanthura was observed in the same deep habitat.

••• Leiognathidae
Gazza rhombea Kirnura, Yamashita & Iwatsuki , 2000 - First record by Kimura et a!. (2000: 2-7) ; USNM material

... Lutjanidae
t Apha reusJurca (Lacepede [ex Cornmerson], 1801) - Video sequence 2006
t Aprion virescens Valenciennes in Cuvier & Valenciennes , 1830 - Video sequence 2006
" Lutjanus adetii (Castelnau , 1873 ) - USNM mat eri al
t Lutjanu s argentimaculatus (Forsskal in Niebuhr, 177 5) - BMNH and USNM mater ial
" Lutjanus bohar (Forsskal in Niebuhr, 1775 ) - Video sequen ce 2006
"LutjanusJulvus (Bloch & Schneider, 1801) - SU and USNM material; video sequen ce 2006
"LutjanusJuscescens (Valenciennes in Cuvi er & Valenciennes , 1830) - USNM mat erial
t Lutjanus gibbus (Forss kal in Niebuhr, 1775) - USNM material; video sequence 200 6
t Lutjanus hasmira (Forsskal in Niebu hr, 1775) - USNM material ; vid eo sequence 2006 ; und erwater

phot ographs 200 6
"Lutjanus lemniscatus (Valenc iennes in Cuvi er & Valenciennes , 1828) - USNM mat erial
t Lutjanu s monostigma (Cuvier in Cuvier & Valenciennes , 1828) - Video sequence 2006
t Lutjarws quinquelui eatus Bloch , 1790 - USNM material
" Lutjanus rivulatus (Cuvier in Cuvi er & Valen ciennes, 1828) - Video sequ ence 200 6
tLutjanus ruiolineatus (Cuvier in Cuvier & Valenciennes , 1830) - Video sequence 200 6
t Lutjanu s semicinctus Quoy & Gaimard , 1824 - FMNH material; vide o sequence 2006
" Macolor macularis Fowler, 1931 - Video sequ ence 2006
t Macolor niger (Forsskal in Niebuhr, 1775 ) - Video seq uence 2006; underwater ph otographs 200 6
": Paracaesio sordida Abe & Shinchara, 1962 - Video sequenc e 2006 - (Fig . 447)
"Paracaesio xanthura (Bleeker, 1869) - Video sequence 200 6

••• Symphysanodontidae
"Symphysanodon sp. - Video sequence 2006

••• Caesionidae
t Caesio caerulaurea (Lacepede [ex Commerson], 1801 ) - Video sequ en ce 2006
tCaesio cuning (Bloc h, 1791 ) - Vide o sequ en ce 2006
"C aesio lunaris Cuvier [ex Eh renberg] in Cuvier & Valenciennes, 1830 - Video sequen ce 2006
tCaesio teres Seale, 1906 - Video sequence 200 6
t Pterocaesio digramma (Bleeker, 1864 ) - Video seq uenc e 2006
"Pterocaesio marri (Schultz in Schultz, Herald , Lachner, Welander & Woods, 1953 ) - Video sequence 2006
t Pterocaesio pisang (Bleeker, 1853) - Video sequence 2006
t Pterocaesio tessellata Carpen ter, 1987 - Video sequence 2006
'" Pterocaesio tritineata Carpenter, 1987 - Video sequence 2006

••• Gerreidae
t Gerres ji lamentosus Cuv ier , 1829 - BMNH material
tGerres oyena (Forsskal in Niebuhr, 1775) - USNM material
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••• Haemulidae
Diagramma pictum (Thunberg, 1792) - First record by johnson et al. (2001: 663-664); video sequence 2006
t Plectorhinchus albovittatus (Ruppell, 1838) - Video sequence 2006
*Plectorhinchus chaetodonoides Lacepede, 1801 - Video sequence 2006
Plectorhinchus lessonii (Cuvier in Cuvier &: Valenciennes, 1830) - First record by Randall &: johnson (2000:

479-480); AMS material; video sequence 2006
*Plectorhinchus lineatus (Linnaeus, 1758) - Video sequence 2006
*Plectorhinchus picus (Cuvier in Cuvier &: Valenciennes, 1830) - Video sequence 2006
t Plectorhinchus vittatus (Linnaeus, 1758) - Video sequence 2006; underwater photograph 2006

••• Lethrinidae
tGnathodentex aureolineatus (Lacepede [ex Comrnerson], 1802) - Video sequence 2006
*Gymnocranius audleyi Ogilby, 1916- MNHN material; photograph 2006
*Gymnocranius grandoculis (Valenciennes in Cuvier &: Valenciennes, 1830) - Underwater photograph 2006
*Lethrinus erythracanthus Valenciennes in Cuvier &: Valenciennes, 1830 - Video sequence 2006
*Lethrinus erythropterus Valenciennes in Cuvier &: Valenciennes, 1830 - Video sequence 2006
t Lethrinus harak (Forsskal in Niebuhr, 1775) - FMNH and SU material; video sequence 2006; underwater

photograph 2006
t Lethrinus obsoletus (Forsskal in Niebuhr, 1775) - Video sequence 2006
*Lethrinus olivaceus Valenciennes in Cuvier &: Valenciennes, 1830 - MNHN material
t Lethrinus xanthochilus Klunzinger, 1870 - USNM material; video sequence 2006
tMonotaxis grandoculis (Forsskal in Niebuhr, 1775) - Video sequence 2006

••• Nemipteridae
*Nemipterus sp. - MNHN material
t Pentapodus caninus (Cuvier in Cuvier &: Valenciennes, 1830) - Video sequence 2006
t Scolopsis bilineata (Bloch, 1793) - CAS, FMNH and USNM material; video sequence 2006
t Scolopsis lineata Quoy &: Gaimard, 1824 - Video sequence 2006
t Scolopsis margaritifera (Cuvier in Cuvier &: Valenciennes, 1830) - Video sequence 2006

••• Polynemidae
Polydactylus longipes Motomura, Okamoto &: lwatsuki, 2001 - Record by H. Motomura (personal

communication, Sep. 2010); MNHN material
Polydactylus plebeius (Broussonet, 1782) - Record by Motornura, lwatsuki &: Kimura (2001: 87-88) and

Motornura, lwatsuki &: Yoshino (2001: 118-122); USNM material

••• Mullidae
t Mulloidichthys flavolineatus (Lacepede, 1801) - BMNH and FMNH material; video sequence 2006
*Mulloidichthys vanicolensis (Valenciennes in Cuvier &: Valenciennes, 1831) - Video sequence 2006
*Parupeneus barberinoides (Bleeker, 1852) - Video sequence 2006
Parupeneus barberinus (Lacepede, 1801) - First record by Randall (2004: 12-14); USNM material;

video sequence 2006
t Parupeneus crassilabris (Valenciennes in Cuvier &: Valenciennes, 1831) - Video sequence 2006
t Parupeneus cyclostomus (Lacepede [ex Cornmerson], 1801) - MNHN material; photograph 2006,

video sequence 2006
t Parupeneus indicus (Shaw, 1803) - USNM material
tParupeneus multifasciatus (Quoy &: Gaimard, 1825) - FMNH, SU and USNM material; video sequence 2006
t Parupeneus pleurostigma (Bennett, 1831) - Video sequence 2006
*Upeneus tragula Richardson, 1846 - Video sequence 2006
*Upeneus sp. (undescribed, Fricke, MS) - MNHN material; photographs 2006

••• Pempheridae
*Parapriacanthus ransonneti Steindachner, 1870 - Video sequence 2006
*Pempheris molucca Cuvier, 1829 - MNHN material; photograph 2006
*Pempheris oualensis Cuvier in Cuvier &: Valenciennes, 1831 - Video sequence 2006

••• Kyphosidae
t Kyphosus cinerascens (Forsskal in Niebuhr, 1775) - USNM material; video sequence 2006

••• Scatophagidae
t Scatophagus argus (Linne , 1766) - BMNH and USNM material

395 •



MarineEcosystems

Figure 44 8: Forcipiger long irostris and F. flavissimus are here reported as new records for Vanuatu. The pair on the right are F
longirostris, with a single F flavissimus to the left. Both species w ere frequently seen on shallow coral reefs from 5-20 m.

Figure 449: Centropyge colini is a small anglefish found
throughout the Western Pacific in deep water. Though this is a
new record for Vanuatu, we were not surprised to find this species
around caves and ledges in 100 m. Perhaps of greater interest is
the grouper below the blue and yellow angelfish. It is likely the
deep water species Cephalopholis aurantia , which is not on the
Vanuatu fish list, but, alas, this image is not of sufficient quality to
identify this species with full confidence. The diver is emb arassed
to admit that he was so intent on photographing the angelfish he
did not even notice the much more interesting grouper.

Figure 450 : Amblyglyphidodon orbicularis. The orbicular
Damselfi sh is a new record for Vanuatu, previously known
from Samoa, Fiji and New Caledonia. We found this species
common amo ng staghorn coral in 15-30 m.

••• Ephippidae
" Platax orbiw /aris (Forsska l in Niebuhr, 1775) - Video seq uence 2006
t P/atax pinnatLls (Linnaeus, 1758) - Video sequ en ce 2006

••• Chaetodont idae
tChactodon auriga Forsska l il1 Nie bu hr, 1775 - Vide o seq uence 2006
Chaeiodon baronessa Cu vier, 1829 - Firs t record by Fow ler 0 944: 254, as Gonocnaetodon baronessa);

FMNH and MNHN mat eri a l; pho tog raph 200 6; vide o sequ ence 2006
" Chaetodon benn ett i Cuvie r in Cuv ier & Valen cien nes, 1831 - Video sequ en ce 2006
* Chaetoclon burgessi AlIen & Starck , 1973 - Video seq ue nce 2006
Chaetodon citrinellus Cuv ier in Cuvier & Valencien nes , 1831 - First reco rd by Fowl er 0 934: 424);

CAS mat er ial; video sequen ce 200 6
t Chaetoclol1 cphippiulIl Cu vier in Cuvier & Valenciennes, 1831 - Video sequence 2006
; Chaetodon hleinii Bloch , 1790 - MNHN materi al; video seque nce 2006 ; ph otograph 2006; und erwat er

photograph 2006
't Cnaetooo» lineolatus Cuvier [ex Quoy & Gaimard ] in Cuvier & Valenc iennes , 1831 - Video sequence 2006
t Chaetodoll lUl1ula (Lacepede [ex Comrn erson ], 1802) - Video seque nc e 2006
t Chaetodoll lw1Lllatus Quo y & Gaima rd, 1825 - CAS, FMNH , MNHN and SU materi al ; video sequence 2006;

pho tographs 2006 ; unde rwate r photograph 2006
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*Chaetodon melannotus Bloch &. Schneider, 1801 - Video sequence 2006
tChaetodon mertensii Cuvier in Cuvier &. Valenciennes, 1831 - Video sequence 2006
*Chaetodon meyeri Bloch &. Schneider, 1801 - MNHN material; photograph 2006
*Chaetodon omatissimus Cuvier [ex Solander] in Cuvier &. Valenciennes, 1831 - Video sequence 2006
*Chaetodon oxycephalus Bleeker, 1853 - Video sequence 2006
tChaetodon pelewensis Kner, 1868 - MNHN material; photograph 2006; video sequence 2006
tChaetodon rafflesii Anonymus [Bennett], 1830 - Video sequence 2006
*Chaetodon reticulatus Cuvier in Cuvier &.Valenciennes, 1831 - Video sequence 2006
tChaetodon semeion Bleeker, 1855 - Video sequence 2006
*Chaetodon speculum Cuvier [ex Kuhl &. Hasselt] in Cuvier &. Valenciennes, 1831 - Video sequence 2006
tChaetodon trifascialis Quoy &. Gaimard, 1825 - Video sequence 2006
*Chaetodon ulietensis Cuvier in Cuvier &. Valenciennes, 1831 - Video sequence 2006
tChaetodon unimaculatus Bloch, 1787 - FMNH material; video sequence 2006
Chaetodon vagabundus Linnaeus, 1758 - First record by Fowler (1934: 424); MNHN and USNM material;

photograph 2006; video sequence 2006
*Forcipigerflavissimusjordan &.McGregor injordan &.Evermann, 1898 - MNHN material; photograph 2006;

video sequence 2006 - (Fig. 448)
*Forcipiger longirostris (Broussonet, 1782) - MNHN material; photograph 2006; video sequence 2006 - (Fig. 448)
Heniochus acuminatus (Linnaeus, 1758) - First record by Plessis &.Fourmanoir (1966: 131); MNHN material;

video sequence 2006; underwater photograph 2006
*Heniochus chrysostomus Cuvier in Cuvier &. Valencienes, 1831 - SU material; video sequence 2006
*Heniochus monoceros Cuvier in Cuvier &.Valenciennes, 1831 - Video sequence 2006
tHeniochus singularius Smith &. Radcliffe, 1911 - USNM material; video sequence 2006
tHeniochus varius (Cuvier, 1829) - Video sequence 2006

••• Pomacanthidae
*Apolemichthys trimaculatus (Cuvier [ex Lacepede] in Cuvier &.Valenciennes, 1831) - Video sequence 2006
*Centropyge aurantia Randall &.Wass, 1974 - Video sequence 2006
tCentropyge bicolor (Bloch, 1787) - MNHN and USNM material; photograph 2006; video sequence 2006;

underwater photograph 2006
tCentropyge bispinosa (Gunther, 1860) - MNHN material; photograph 2006; video sequence 2006
*Centropyge colini Smith-Vaniz &. Randall, 1974 - Video sequence 2006 - (Fig. 449)
*Centropygefisheri (Snyder, 1904) - Video sequence 2006
tCentropyge flavissima (Cuvier in Cuvier &. Valenciennes, 1831) - CAS, MNHN and USNM material;

photograph 2006; video sequence 2006; underwater photograph 2006
*Centropyge multifasciata (Smith &. Radcliffe, 1911) - Video sequence 2006
*Centropyge nox (Bleeker, 1853) - MNHN material; photograph 2006; video sequence 2006
tCentropyge vrolikii (Bleeker, 1853) - USNM material; video sequence 2006
*Genicanthus bellus Randall, 1975 - Video sequence 2006
*Genicanthus melanospilos (Bleeker, 1857) - MNHN material; photograph 2006; video sequence 2006
*Genicanthus watanabei (Yasuda &. Tominaga, 1970) - Video sequence 2006
Pomacanthus imperator (Bloch, 1787) - First record by Fowler (1934: 425); video sequence 2006
t Pomacanthus semicirculatus (Cuvier in Cuvier &.Valenciennes, 1831) - USNM material; video sequence 2006;

underwater photograph 2006
*Pomacanthus sexstriatus (Cuvier [ex Kuhl &.Hasselt] in Cuvier &.Valenciennes, 1831) - Video sequence 2006
*Pomacanthus xanthometopon (Bleeker, 1853) - Video sequence 2006
*Pygoplites diacanthus (Boddaert, 1772) - MNHN and USNM material; photograph 2006; video sequence

2006

••• Cirrhitidae
*Cirrhitichthys falco Randall, 1963 - Video sequence 2006
*Cyprinocirrhites polyaetis (Bleeker, 1874) - Video sequence 2006
*Oxycirrhites typus Bleeker, 1857 - Video sequence 2006; underwater photograph 2006
*Paracirrhites arcatus (Cuvier in Cuvier &. Valenciennes, 1829) - Video sequence 2006
*Paracirrhites forsteri (Schneider inBloch &.Schneider, 1801) - Videosequence 2006; underwater photograph 2006

••• Cepolidae
*Acanthocepola sp. - MNHN material; photographs 2006

••• Cichlidae
Sarotherodon occidentalis (Daget, 1962) - Introduced; Keith et aI., this volume
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Figure 451 : Chromis brevirostris. The short snout chromis was
comm on in 60 m depth in Vanuatu. It w as scientifically
described in 2008 by Pyle, Earle and Green, and a specimen
collect ed in Vanuatu durin g the Santo expedition is now one of
the paratypes at the MNHN in Paris.

Figure 452: Chromis earina. The holotype of the Spring Chromis,
now in the Museum National d'Histoire Naturelle, Paris, was
collected in Vanuatu during the Santo Expedition in 63 m on the
dive when this image was taken (In fact this may be a picture of the
holotype before collection) . This specieswas named by Pyle, Earle
and Greene in 2008 along with four other deep water Chromis
damselfish, including C. brevirostris, also collected in Vanuatu.

••• Pomacen tridae
t Abudefduf sordidlts (Forsskal in Niebu hr, 177 5) - ANSP and CAS mat erial
lAbudefchifvaigim sis (Quoy &: Gaimard, 1825) - USNM material; video sequence 2006; underwater photograph 2006
t Acanthochromis polyacanthus (Bleeker, 1855) - CAS and USNM material ; vide o sequence 200 6
k Amblyglyphidodonuureus (Cuvier [ex Ku hl &: Hasselt] in Cuvier &. Valenciennes, 1830) - Video sequence 200 6
l Amblyglyphidodon curacao (Bloc h , 1787) - Video sequ en ce 2006
*Amblygly phidodon leucogaster (Bleeke r, 1847) - Video seq uence 2006
*Amblyglyphidodon orbicularis Hom bron &.Ja cqu ino t in lacquinot &. Gu ichen ot, 1853 - Video sequence 2006;

underwater photograph 2006 - (Fig . 45 0)
l Amph iprion chrysopterus Cu vier in Cuvier &. Valen cien nes, 1830 - MNH N and USN M material ;

p hotograp h 2006; vid eo sequ ence 2006
*Amphiprion clarhii (Ben ne tt , 1830) - First reco rd by Plessi s &. Fourmanoir [1966 : 133, as Amphiprion

sebae (non Bleeker, 1853)]; USN M material; video seque nce 2006
'k Amphiprion meianopus Bleeker, 1852 - CAS an d USNM mater ial ; video sequence 2006; u nderwa ter

photograp h 2006
"Am phiprion perideraion Bleeke r, 1855 - USNM material ; vide o sequence 200 6; underwa ter photograph 2006
Cheiloprion tabiatu: (Day, 1877 ) - Fi rs t rec ord by Herre 0 936: 273) ; FMNH an d SU ma terial 2006
Chromis alpha Randall, 1988 - First reco rd by Ran dall 0988 : 74-76) ; vide o sequence 2006
*Chromis amboinensis (Blee ker, 18 71 ) - MN H N ma terial; video se que nce 2006 ; p ho tog ra ph 2006;

u nderwa ter ph o tograph 2006
*Chromis atripectoraus Welan de r &. Sch u ltz , 1951 - Video sequen ce 2006
"Chromts atn pes Fowler &. Bean, 1928 - MNHN m at erial; photograph 200 6; video sequ ence 2006;

underwa ter pho tograph 2006
Chromis brevirostris Pyle , Earle &. Greene, 2008 - (Fig. 45 1)
" Chromis chrysura (Bliss , 1883) - Vide o seq uence 2006
*Chromis delta Ran dall , 198 8 - Video seq u ence 2006
Chromis earina Pyle, Earl e &. Green e, 2008 - Desc ribed from Esp iritu Santo Group by Pyle, Earle &. Greene

(2008 : 21- 25) ; BPBM material; video sequence 2006 - (Fig. 45 2)
*Chromis elerae Fo wler &. Bean , 1928 - Video sequ en ce 20 06
k Chromis iomelas J ordan &. Seale , 1906 - FMNH and SU mater ial; video seque nce 2006
*Chromis lepidolepis Bleeker, 1877 - Vide o sequ ence 2006
*Chromis lineata Fowler &. Bean, 1928 - Video sequenc e 2006
*Chromis margaritifer Fowler, 1946 - CAS and USNM material: video sequence 2006; underwater ph otograph 2006
*Chromis retrofasciata Weber, 1913 - Video sequen ce 2006
Chromis ternatensis (Bleeker, 1856) - Fi rst reco rd by Herre 0 936: 272); CAS, FMNH, SU and USNM material;

vide o sequence 200 6; und erwater ph otograph 2006
tChromis viridis ( Cuv ier [ex Eh renberg] in Cu vier &. Valencien nes , 1830) - USNM materia l; video seq ue nce

2006 ; u nderwater photograp h 2006
*Chromis weberi Fowler &. Bean , 1928 - Vid eo sequence 2006
"Ch romis xanthochira (Bleeker, 1851) - USN M material
*Chromis xanthura (Bleeker, 1854 ) - Video seque nce 2006
t Chrysiptera biocellata (Q uoy &. Ga imard , 1825) - ANSP and SU mat erial
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Figure 453 : Neoglyphidodon carlsoni. Carlson's damselfish, previously known only fron the type locality of Fiji and Tonga, is a new
record for Vanuatu . This is a large juvenile found in a small colony of this species around caves in 7 m.

Chrysiptera brownriggii (Benn ett , 1828) - First record by Fowler (1934: 436, as Abudefduf xanthozona),
ANSP and FMNH material; video sequence 2006

*Chrysiptera caeruleoiineata (Allen, 1973) - Video sequence 2006
tChrysiptera cyanea (Quoy &: Gaimard, 1825) - ANSP material
Chry siptera glauca (Cuv ier in Cuvier &: Valenciennes , 1830 ) - First record by Fowler (1934: 435, Abudefduf

glaucus); ANSP material
" Cnrysiptera rex (Snyde r, 1909) - USNM materia l; video sequ ence 2006
"Chrysiptera rollandi (W hitley, 1961) - Video sequence 200 6; underwater photograph 2006
*Chrysiptera talboti (Allen , 1975) - Video sequence 200 6
t Cnrysipiera taupou (Jordan &: Seale, 1906) - Video sequ en ce 2006
*Chrysiptera tricincta (Alien &: Randall , 1974) - Video seque nce 2006
t Dascyllu s amanus (Linnaeus , 1758) - CAS and USNM mat er ial; video sequence 2006
t Dascyllu s reticulatus (Richardso n, 1846) - Video sequen ce 2006
Dascyllu s trimaculatus (Ruppell, 1828) - First record by Plessis &: Fourman oir (1966: 135); USNM material;

video seque nce 2006; underwat er photograph 2006
*Dischistodus melanotus (Bleeker, 1858) - SU and USNM material; video sequence 2006
*Dischistodus perspicillatus (Cuv ier in Cuvier &: Valencienn es, 1830 ) - Video seq uence 2006
*Dischistodus prosopotaenia (Bleeker, 1852) - Video sequen ce 2006
*Neoglyphidodon carlsoni (Allen , 1975) - Video sequence 200 6 - (Fig . 453)
tNeoglyphidodon melas (Cuvier [ex Kuhl &: Hasselt] in Cuvier &: Valencienn es, 1830) - Video sequence 2006
;,Neoglyphidodon nigroris (Cuvier in Cuvier &: Valenciennes, 1830 ) - USNM; material; video sequence 2006
"Neopomacentrus azysron (Bleeker, 1877) - USNM material
tNeopomacentm s nernurus (Bleeker, 1857) - CAS and USNM ma terial
Neopomacentm s violascens (Bleeker, 1848) - First record by Herre (1936: 28 1); FMNH, MNHN and

SU ma terial; photo graph 2006
*Plectrogly phidodon dichii (Lienar d, 1839) - Video sequ en ce 200 6
"Plectroglyphidodonjohnstonianus Fowle r &: Ball, 1924 - Video sequence 2006
t Plectrogly phidodon lacrymatus (Quoy &: Gaimard , 1825) - Video seque nce 2006
*Pomacentms adelus Allen , 1991 - USNM mat erial
t Pomacentms amboinensis Bleeker, 1868 - CAS and USNM material; video sequence 200 6; underwater

photograph 2006
Pomucentru s arenarius Allen , 198 7 - First record by Allen (19 87 : 9-11)
" Pomacentrus banhanensis Bleek er, 1853 - ANSP mat erial; video sequ ence 2006
*Pomacentm s brachialis Cuvier in Cuvier &: Valenciennes, 1830 - USNM material; video sequence 2006
* Pomacentrus burroughi Fowler, 1918 - Video sequence 2006
Pomacentm s chrysunls (Cuv ier [ex Broussonet] in Cuvier &: Valenciennes , 1830 ) - Fir st record by Fowler

(1934: 434, Pomacentrus rhodonotus); video sequence 200 6
·k Pomacentnt S coelestis] ordan &: Starks , 1901 - CAS material; video seque nce 200 6
"Pomacentnls imitator (W hitley, 1964) - CAS material; video seque nce 2006
;'Pomacentms lepidogenys Fowler &: Bean, 1928 - Video sequence 2006
t Pomacentms littoralis Cuvier in Cuvier &: Valenciennes , 1830 - SU ma teria l
*Pomacentms moluccensis Bleeker, 1853 - CAS, SU and USNM material ; video sequ en ce 2006
;,Pomacentm s nagasahiensis Tanaka, 1917 - MNHN mate rial ; video sequence 2006; photograph 2006
;'Pomacentms nigromantts Weber, 1913 - CAS material ; vid eo sequ ence 2006
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Figure 454: Bodianus bimaculatus. TheTwinspot Hogfish, hasbeen
reported from deep water from Madagascar to New Caledonia,
and now is reported as a new record for Vanuatu. We found this
small colorful wrasse to be common at 85-110 m depth.

Figure 455: Bodianus paraleucosticticus. This new record from
Vanuatu is also known from New Caledonia in the South Pacific.
An inquisitive species, the Fivestripe Hogfish, was occasionally
observed, usually observing the diver, at around 100 m.

;,Pomacentn!s nigromarginatus Alien, 1973 - MNHN material; photograph 2006; video sequence 2006
"Pomacentnls philippinus Evermann &: Seale, 1907 - Video sequence 2006
'" Pomacentrus reidi Fowler &: Bean, 1928 - Video sequence 2006
'" Pomacentrus spilotoceps Randall, 2002 - Video sequence 2006
"Pomacentrus vaiuli Jordan &: Seale, 1906 - Video sequence 2006
'" Pomachromis richardsoni (Snyder, 1909) - Video sequence 2006
Stegastes albifasciatLls (Schlegel &: Muller, 1839) - First record by Fowler 0934: 434, Pomacentms albofasciatLls);

video sequence 2006
"Stegastes ztureus (Fowler, 1927) - Underwater photograph 2006
"Stegastes [asciouuus (Ogilby, 1889) - Video sequence 2006
-rStegastes nigricans (Lacepede, 1803) - FMNH, SU and USNM material; video sequence 2006
1'Stegastes punctatLls (Quoy &: Gaimard, 1825) - FMNH and SU material; video sequence 2006

••• Labridae
"'Anampses meuinurus (Quoy &: Gaimard, 1825) - Video sequence 2006
"Anampses meleagrides (Quoy &: Gaimard, 1825) - Video sequence 2006
;,Anampses neogLlinaicus Bleeker, 1878 - Video sequence 2006
"Anampses twistii Bleeker, 1856 - Video sequence 2006
t Bodionus anthioides (Bermett, 1832) - Video sequence 2006
t Bodianus axillaris (Bennett, 1832) - Video sequence 2006
'k Bodianus bimacuiaius Allen, 1973 - Video sequence 2006 - (Fig. 454)
;,Bodianus dictynna Gomon, 2006 - Video sequence 2006
'C Bodianus loxozonus (Snyder, 1908) - Video sequence 2006
"Bodianus mesothorax (Bloch &: Schneider, 2001) - Video sequence 2006
"Bodianus paroieucosticucus Gomon, 2006 - Video sequence 2006 - (Fig. 455)
tCheilinus chiorourus (Bloch, 1791) - FMNH and USNM material
t Cheilinus fasciatLls (Bloch, 1791) - Video sequence 2006
'Cheilinus oxycephalus Bleeker, 1853 - USNM material; video sequence 2006
l' Cheiunu: trilobatLls (Lacepede [ex Comrnerson], 1801) - Video sequence 2006
tCheilinus undulaius Ruppell, 1835 - Video sequence 2006
"Cnoerodon jordani (Snyder, 1908) - Video sequence 2006
; Cirrhilabrus bathyphilus Randall &: Nagareda, 2002 - Video sequence 2006
"Cinhilabrus conclei Alien &: Randall, 1996 - Video sequence 2006
kCirrhilabrus exquisitLls Smith, 1957 - Video sequence 2006
'kCirrhilabrLlS punctatus Randall &: Kuiter, 1989 - Video sequence 2006 - (Fig. 456)
"Cirrhilabrus pylei Alien &: Randall, 1996 - Video sequence 2006 - (Fig. 457)
"Cirmuobrus roseafascia Randall &: Lubbock, 1982 - Video sequence 2006 - (Fig. 458)
CiJThilabrm ruorimarginatus Randall, 1992 - First record by Randall 0992: 114-118); video sequence 2006
i'Cinhilabrus n. sp. - MNHN material; photograph 2006
kCoris batuensis (Bleeker, 1856-1857) - Video sequence 2006
i' Coris gaimarcl (Quoy &: Gaimard, 1824) - Video sequence 2006
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Figure 456: Cirrhilabrus punctatus. The Dotted Wrasse is a
highly variable species throughout its range. Males we observed
in Vanuatu have a yellow streak on the upper body, and differ
in other ways from this species in Fiji and the Great Barrier
Reef. We are provisionally calling this species C. punctatus, but
specimens should be collected for study.
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Figure 457: Cirrhilabrus pylei. Pyle's Fairy Wrasse is a new
record from Vanuatu. This image is of a male from 40 m depth,
where we occasionally saw small groups of this species, named
after Santo Expedition rebreather diver Richard Pyle.

Figure 458: Cirrhilabrus roseafascia. This wrasse is a new record for Vanuatu, known from the South Pacific in Samoa, Fiji and New
Caledonia. Small groups of this species, usually a male and his harem, were observed at 90-100 m in rubble areas.

.r.Diproctacanthus xantnurus (Bleeker, 1856) - Video sequence 2006
t Epibulus insicliator (Pallas, 1770) - USNM material; video sequence 2006
tGomphosLls varius Lace.pede, 1801 - USNM material; video sequence 2006
tHalichoeres argLLs (Bloch & Schneider, 1801) - Video sequence 2006
'k Halichoeres bioceluuus Schultz in Schultz, Chapman, Lachner & Woods, 1960 - Video sequence 2006
k Halichoeres chrysus Randall, 1981 - Video sequence 2006
tHalichoeres hortulanus (Lacepede, 1801) - USNM material; video sequence 2006
t Halichoeres margaritaceLLs (Valenciennes in Cuvier & Valenciennes, 1839) - Video sequence 2006
t Halichoeres marginatus (Ruppell, 1835) - Video sequence 2006
tHalichoeres melanurus (Bleeker, 1851) - ANSP and USNM material; video sequence 2006; underwater

photograph 2006
tHalichoeres miniatLLs (Valenciennes [ex Kuhl & Hasselt] in Cuvier & Valenciennes, 1839) - USNM material
'" Halichoeres omatissimus (Garrett, 1863) - Video sequence 2006
*Halichoeres prosopeion (Bleeker, 1853) - Video sequence 2006
*Halichoeres richmoncli (Fowler & Bean, 1928) - Video sequence 2006
t Halichoeres trimaculaius (Quoy & Gaimard, 1834) - USNM material; video sequence 2006
"Halichoeres zeyloniws (Benne tt, 1833) - Video sequence 2006
t HemigymI1LLS [asciatus (Bloch, 1792) - Video sequence 2006
t HemigymnLls meiaptervs (Bloch, 1791) - Video sequence 2006
tHologymnosLls annuiatus (Lacepede, 1801) - Video sequence 2006
;,Hologymnosus doiuuus (Lacepede [ex Cornmerson], 1801) - Video sequence 2006
'Labrichthys uniiineatus (Guichenot, 1847) - Video sequence 2006
*Labroicles bicolor Fowler & Bean, 1928 - Video sequence 2006
t Labroides dimuiiaius (Valenciennes in Cuvier & Valenciennes, 1839) - CAS and USNM material;

video sequence 2006
"Labrouies pectoralis Randall & Springer, 1975 - Video sequence 2006; underwater photograph 2006
*Labropsis alieni Randall, 1981 - Video sequence 2006
tLabropsis australis Randall, 1981 - Video sequence 2006
"Labropsis xanthonota Randall, 1981 - Video sequence 2006
*Macropharyngoclon meleagris (Valenciennes in Cuvier & Valenciennes, 1839) - Video sequence 2006
*Macropharyngoclon negrosensis Herre, 1932 - Video sequence 2006
1- Novawlichthys taeniOLLrLlS (Lacepede , 1802) - USNM material; video sequence 2006
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Figure 459 : Oxycheilinus nigromarg inatus. The Blackmargin Wrasse is a new record from Vanuatu. This species, scientifica lly
described in 2003, is known from the Coral Sea, New Caledonia and Tonga, so its presence in Vanuatu was not unexpected . We
observed occasional individuals in around 35 m.

* Oxyc heilinus arenatus (Valenciennes in Cuv ier &: Valenc iennes, 1840) - Video seque nce 2006
* Oxycheilinus bimaculatus (Valenciennes in Cu vier &: Valenciennes , 1840) - Video sequen ce 2006
" Oxy cheilinus celebicus (Bleeker, 1853) - Video sequence 2006
Oxycheilinus digramma (Lacepede, 1801) - First record by Herre 0936: 327 , Cheilinus cliagrammus); SU material;

video sequence 2006
;'Oxy cheilinus nigromarginatus Randall , Westneat &: Gomon , 2003 - MNHN materia l; ph otograph 2006;

video sequence 200 6 - (Fig. 459 )
'" Parachei linus rubricaudaus Randall &: Allen , 2003 - Video sequence 2006
t Pseudocheilinus evanidus Jordan &: Evermann, 1903 - Video sequence 2006
t Pseudocheilinus hexataenia (Bleeker, 1857) - USNM material; video seque n ce 2006
tPseudocheilinus octotaeniaJenkins, 1901 - Video sequence 2006
"Pseudocoris yamashiroi (Schmidt, 1931) - Video sequence 2006
* Pseudodax moluceanus (Valenciennes in Cuvier &: Valenciennes , 1840) - Video sequence 2006
* Pseudojuloides cerasinus (Snyder, 1904) - Video sequence 2006
* Pseudojuloides sevemsi Bellwood &: Randall, 2000 - Vid eo sequence 2006
* Pteragogus cryptus Randall, 1981 - Video sequen ce 2006
t Stethoj ulis bandanensis (Bleeker, 1851) - CAS and USNM ma teria l; video sequence 2006
Stethoj ulis tniineata (Bloch &: Schneider, 1801 ) - Firs t reco rd by Randall (2000: 36 -38 ) ; USNM mater ial;

video sequence 2006
'" Thalassoma amblycephalum (Bleeker, 1856) - USNM material; video sequ ence 2006
tThalassoma hardwiche (Bennett, 1830) - BMNH and SU material; video sequence 2006; underwater photograph 2006
t Thalassoma lunare (Linnaeus, 1758) - Video sequence 2006
tThalassoma Iutescens (Lay &: Bennett [ex Solander], 1839) - Video sequence 2006
" Tnauissoma nigrofasciatum Randall , 2003 - Video sequence 2006
"' Thalassoma quinquevittatum (Lay &: Bennett, 1839) - MNHN material; photograp h 2006; video sequence 2006
tThalassoma trilobatum (Lacepede [ex Commerson], 1801) - Video sequence 2006
tWetmorella nigropinnata (Seale, 1901) - Video seque nce 2006

••• Scaridae
t Bolbometopon murieatHm (Valenciennes in Cuvier &: Valenc iennes, 1840) - Video seque nce 2006
* Caiotomus caroiinus (Valenc iennes in Cuvier &: Valenc iennes , 1840) - Video sequence 2006
<Cetoscarus oceiiatus (Valenc iennes in Cuvier &: Valenc iennes , 1840) - Video seque nce 2006
t Chloru ru s bleeheri (Beau fort in Weber &: Beaufort , 1940) - Video seque nce 2006
t Chlorurus japanensis (Bloch , 1789) - Video seq ue nce 2006
'k Chlonm ls microrhinos (Bleeke r, 1854) - Video seq uence 2006
,Chlorums sordidus (Forsskal in Niebuhr, 1775) - SU mat erial; video sequence 2006
,Searus altipinnis (Steindachne r, 1879) - Video sequence 2006
* Searus chameleon Choa t &: Randall, 1986 - Video sequence 2006
* Searus dunidiatus Bleeker, 1859 - Video sequence 2006
* Seams flavipectoralis Schul tz , 1958 - Video seq ue nce 2006
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*Searus forsteni (Bleeker, 1861) - Video sequence 2006
*Searus frenatus Lacepede, 1802 - Video sequence 2006
*Searus fuscoeaudalis Randall &: Myers, 2000 - Video sequence 2006
*Searus globieeps Valenciennes in Cuvier &: Valenciennes, 1840 - Video sequence 2006
t Searus niger Forsskal in Niebuhr, 1775 - Video sequence 2006
t Searus ovieeps Valenciennes in Cuvier &: Valenciennes, 1840 - Video sequence 2006; underwater

photograph 2006
*Searus quoyi Valenciennes in Cuvier &: Valenciennes, 1840 - Video sequence 2006
*Searus rubroviolaeeus Bleeker, 1847 - Video sequence 2006
t Searus sehlegeli (Bleeker, 1861) - Video sequence 2006
*Searus spinus (Kner, 1868) - Video sequence 2006

••• Chiasmodontidae
Dysalotus alcoeki Gilchrist, 1905 - First record by Fourmanoir (1970: 26, fig. 4); photograph 2006

••• Champsodontidae
\

*Champsodon snyderi Franz, 1910 - MNHN material

••• Percophidae
*Bembrops eaudimacula Steindachner, 1876 - MNHN material; photograph 2006
*Bembrops filifera Gilbert, 1905 - MNHN material
*Bembrops philippinus Fowler, 1939 - MNHN material; photographs 2006
*Bembrops platyrhynehus (Alcock, 1894) - MNHN material
*Pteropsaron sp. (undescribed, Fricke, MS - MNHN material; photographs 2006

••• Pinguipedidae
*Parapercis clathrata Ogilby, 1910 - CAS and USNM material; video sequence 2006
t Parapercis hexophtalma (Cuvier [ex Ehrenberg] in Cuvier &: Valenciennes, 1829) - Video sequence 2006
*Parapereis multiplieata Randall, 1984 - MNHN material; photograph 2006
*Parapereis sehauinslandi (Steindachner, 1900) - MNHN material; photograph 2006
*Parapereis snyderi Jordan &: Starks, 1905 - MNHN material; photograph 2006
*Parapereis sp. (undescribed, Fncke, MS) - MNHN material; photograph 2006

••• Trichonotidae
*Triehonotus setiger Bloch &: Schneider, 1801 - MNHN material; photograph 2006

••• Uranoscopidae
*Uranoscopusfuscomaculatus Kner, 1868 - MNHN material; photograph 2006
*Uranoscopus sp. - MNHN material; photograph 2006

••• Tripterygiidae
Enneapterygius niger Fricke, 1994 - First record by Fricke (1997: 248-254); USNM material
Enneapterygius philippinus (Peters, 1869) - First record by Herre (1935: 432-433, as Enneapterygius punctulaius);

SU material
Helcogramma sp. Williams, MS - First record by Fricke (1997: 408, Helcogramma sp. 7); USNM material
Helcogramma hudsoni (Iordan &: Scale, 1906) - First record by Fricke (1997: 445).
Helcogramma springeri Hansen, 1986 - First record by Hansen (1986: 345); USNM material
*Helcogramma striata Hansen, 1986 - Underwater photograph 2006

••• Blenniidae
Blenniella eaudolineata (Gunther, 1877) - First record by Fowler (1934: 446, Salarias eaudolineatus);

BMNH, FMNH and SU material
Blenniella eyanostigma (Bleeker, 1849) - First record by Rofen (1958: 196-197)
*Cirripeetes stigmaticus Strasburg &: Schultz, 1953 - CAS and USNM material; video sequence 2006
"Crossosaiarias macrospilus Smith-Vaniz &: Springer, 1971 - USNM material
tEesenius bicolor (Day, 1888) - CAS and USNM material; video sequence 2006
Eesenius isos McKinney &: Springer, 1976 - First record by McKinney &: Springer (1976: 5); USNM material
t Eeseniusyaeyamaensis (Aoyagi, 1954) - Video sequence 2006
t Entomaerodus decussatus (Bleeker, 1858) - ANSP material
tEntomacrodus striatus (Quoy &: Gaimard, 1836) - BMNH material
*Glyptoparus delicatulus Smith, 1959 - USNM material
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Figure 460: Amblyeleotris fontanesii. The Giant Shrimpgoby, a
new record from Vanuatu, is the largest of the shrimp gobies,
and lives in association with Alpheus fenneri, the largest of the
symbioticsnapping shrimp, which maintains their mutual burrow.
Note that the myopic shrimp is keeping one of its antennae in
contact with the shrimp goby. The keen-eyed goby acts as a
sentinel and signals the shrimp to return to the burrow at the
approach of a predator by fl icking its fins. Encountered near the
wreck of the Calvin Coolidge in a typica l soft bottom habitat.

Figure 46 1: Amblyeleotris gu ttata. The yellowspotted shrimp
goby, which lives in symbiotic association with an alpheid
snapping shrimp (likelyAlpheus ochrostriatus), is a new record
for Vanuatu. We found it not uncommon in mixed sand and
coral rubble habitat.

;,IstiblenniLls bel/us (Gunther, 1861) - ANSP material
Istiblennius edentulus (Fo rster in Bloch & Schneider, 180 1) - First record by Fowler (1934: 446); BMNH ,

CAS, FMN H, SU and USNM ma terial
t Istiblennius tineatus (Valenciennes in Cuvier & Valenciennes , 1836) - ANSP, CAS and SU material
Istiblennius meleagris (Valenciennes in Cuvier & Valenciennes, 1836) - First record by Fowler (1934 : 44 6,

Salarias mclcagris); BMN H material
'k Meiacantlws ancma (Bleeker, 1852) - USNM material
t Meiacanthlls atrodors aus (G un ther, 1877) - USNM mat eri al
k Petroscirtes mitratlls Ruppell, 183 0 - SU material
" Petmscirtes xes tus J ordan & Seale, 1906 - CAS and USNM mat erial
tPlagiotremus rhinorhyncllOs (Sleeker, 1852) - LSNM material; video sequence 2006 ; underwater photograph 2006
t Plagiotrenw s tapeinosoma (Bleeker, 1857) - Video sequen ce 2006
* Praeauicus bilineatus (Peters, 1868) - CAS and SU ma teria l
"Praeauicus strioiatus Bath , 1992 - ANSP mat eri al
Salarias[asciatus (Bloch, 178 6) - First record by Fowler (1934: 445 , as Salarias nitidus)
t Saiartas guttatus Valen ciennes in Cuvier & Valenciennes, 1836 - USNM materi al
* Salarias segmcntatus Bath & Randall , 1981 - USNM ma ter ial

••. Gobiesocidae
Lcpaclichthys bolini Briggs , 1962 - Firs t record by Briggs (1962 : 424); SU materia l

•• Callionymi da e
"' Callionynw s uanahorum Fr icke , 2006 - MNH N materia l; pho tograph 2006
'k Callionymus heelcyi Fowler, 1941 - MN HN material ; photograph 2006
"CClllionymll s rivatoni Fricke , 1993 - MNHN mater ial ; photographs 2006
"' Cal/ionymus sp. (undescribed , aff. spil1iccps; Fricke , MS) - MN HN material; ph otograph 2006
"Cal/ionymlls tethys Fricke, 1993 - MNH N materia l; photogr aph 2006
;,Eleutherochir opercuiaris (Valen cien nes in Cu vier & Valenciennes , 183 7) - USNM material
;,Synchiropus sp . 1 Fricke, MS - MNHN ma teri al; pho tograph 2006
;,Synchiropus sp . 2 Fr icke, MS - MNHN material; pho tograph 2006
"Synchiropus sp . 3 Fricke , MS - MNHN material ; photograph 2006

••• Rhyacichthyidae
Rhyacichthys sp . - Keith et ClI., this volume

• •• Eleo tr idae
'k Belobranchus belobmnchus (Valenciennes in Cuvier & Valen ciennes , 183 7) - BMNH material
Bunaha gyrilloiclcs (Bleeker, 1853 ) - Keith et al., this volume



Figure 462: Signigobius biocellatus. The Twinspot Goby, was
occasionally seen in 20 m, and is also listed as a new record
for Vanuatu. The two dorsal fin spots resemble eyes, and this
species moves in a back and forth crab-like scuttle motion.
While it has been suggested by some that it is thus a crab
mimic, one might also note that crabs are sought by many
predators so mimicry here may be self-defeating.
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Figure 463: Nemate/eotris decora. The Elegant Firefish is a new
record for Vanuatu, occasionally observed in 40 m or deeper. A
Tryssogobius colini is seen below and to the left of the firefish.
This is another new record for Vanuatu.

Butis amboinensis (Bleeker, 1853) - Keith et al., this volume
Eleotris acanthopoma Bleeker, 1853 - Keith et ai., this volume
Eleotris[usca (Bloch & Schneider, 1801) - First record by Fowler (1934 441)
Hypseleotris gueruhen (Bleeker, 1875) - Keith et ai., this volume
tOphieleotris aporos (Bleeker, 1854) - BMNH material
Ophieleotris sp. - Keith et aI., this volume
;,Ophiocara porocephala (Valenciennes in Cuvier & Valenciennes, 1837) - BMNH material

••• Kraemeriidae
"Gooitrichinotus radiocularis Fowler, 1943 - Keith et ai., this volume

••• Gobiidae
;,Amblyeleotris fasciata (Herre, 1953) - Video sequence 2006
*Amblyeleotrisfontanesii (Bleeker, 1852) - Video sequence 2006; underwater photographs 2006 - (Fig. 460)
* Amblyeleotris guttata (Fowler, 1938) - Video sequence 2006; underwater photographs 2006 - (Fig. 461)
* Amblyeleotris novaecaledoniae Goren, 1981 - Photograph 2006
* Amblyeleotris ogasawarensis Yanagisawa, 1978 - Photograph 2006
j, Amblyeleotris randalli Hoese & Steene, 1978 - Video sequence 2006
* Amblyeleotris steinitzi (Klausewitz, 1974) - CAS material; photograph 2006
t AmblygobiLls decussatus (Bleeker, 1855) - USNM material; video sequence 2006; underwater photograph 2006
*Amblygobius hectori (Smith, 1956) - USNM material
t AmblygobiLls nocturnus (Herre, 1945) - Photograph 2006
t Amblygobius phalaena (Valenciennes in Cuvier & Valenciennes, 1837) - CAS and USNM material
t Astenopterix semipunctata Ruppell, 1830 - CAS, FMNH, SU and USNM material
* /vsterropterix striata Allen & Munday, 1995 - Video sequence 2006
t Awaous ocellaris (Broussonet, 1782) - BMNH material
* Bathygobius albopunctatus (Valenciennes in Cuvier & Valenciennes, 1837) - BMNH material
Bathygobius fUSCllS (Ruppell, 1830) - First record by Fowler (1934: 442); ANSP material
t Bryaninops yongei (Davis & Cohen, 1969) - Underwater photograph 2006
Callogobius ohinawae (Snyder, 1908) - First record by Herre (1935: 416, as Macgregorella santa), FMNH

and SU material
tCallogobius sclateri (Steindachner, 1880) - CAS and SU material
"C'yptocentms leptocephalus Bleeker, 1876 - Underwater photograph 2006
;,Ctenogobiops pomastictus Lubbock & Polunin, 1977 - Underwater photograph 2006
* Ctenotrvpauchen microcepholus (Bleeker, 1860) - Photographs 2006
"Eviota albolineataJewett & Lachner, 1983 - CAS material
"Eviota oueensiandu:a Whitley, 1932 - CAS material
"Eviota sebreei Jordan & Seale, 1906 - Video sequence 2006
"Eviota smaragdusJordan & Seale, 1906 - ANSP material
t Exyrias puntang (Bleeker, 1851) - MNHN and USNM material; photograph 2006
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*Fusigobius signipinnis Hoese & Obika, 1988 - Video sequence 2006
tGnatholepis anjerensis (Bleeker, 1851) - Video sequence 2006
tGnatholepis cauerensis (Bleeker, 1853) - CAS material; video sequence 2006
*Gobiodon quinquestrigatus (Valenciennes in Cuvier & Valenciennes, 1837) - SU material
*Istigobius decoratus (Herre, 1927) - USNM material; video sequence 2006
t Istigobius omatus (Ruppell, 1830) - FMNH and SU material
tKelloggella cardinalisjordan & Seale, 1906 - ANSP material; photograph 2006
*Koumansetta rainfordi (Whitley, 1940) - USNM material; video sequence 2006; photograph 2006
Lentipes haaea Watson, Keith & Marquet, 2002 - Keith et a!., this volume
*Lotilia graciliosa Klausewitz, 1960 - Video sequence 2006
*Mahidolia mystacina (Valenciennes in Cuvier & Valenciennes, 1837) - Photographs 2006
*Oplopomops diacanthus (Schultz, 1943) - USNM material
*Oplopomus oplopomus (Valenciennes in Cuvier & Valenciennes, 1837) - Photograph 2006
Paragobiodon echinocephalus (Ruppell, 1828) - First record by Herre (1936: 363); CAS and FMNH material
tPeriophthalmus argentilineatus Valenciennes in Cuvier & Valenciennes, 1837 - USNM material; photograph 2006
*Priolepis cincta (Regan, 1908) - USNM material
*Priolepis inhaca (Smith, 1949) - USNM material
tPriolepis semidoliatus (Valenciermes in Cuvier & Valenciennes, 1837) - ANSp, FMNH and SU material
*Priolepis sp. - MNHN material; photographs 2006
*Psammogobius biocellatus (Valenciennes in Cuvier & Valenciennes, 1837) - USNM material
Redigobius biholanus (Herre, 1927) - Keith et a!., this volume
Schismatogobius vanuatuensis Keith, Marquet & Watson, 2004 - First record by Keith, Marquet & Watson

(2004: 238); MNHN material
Sicyopterus aiensis Keith, Watson & Marquet, 2004- Keith et a!., this volume
Sicyopterus lagocephalus (Pallas, 1770) - BMNH material; Keith et a!., this volume
Sicyopus chloe Watson, Keith & Marquet, 2001 - Keith et a!., this volume
Sicyopus zosterophorus (Bleeker, 1857) - Keith et a!., this volume
t Signigobius biocellatus Hoese & Allen, 1977 - Video sequence 2006 - (Fig. 462)
Stenogobiusyateiensis Keith, Watson & Marquet, 2002 - Keith et a!., this volume
Stiphodon astilbos Ryan, 1986 - First record by Ryan (1986: 656-660); AMS material
Stiphodon atratus Watson, 1996 - Keith et a!., this volume
Stiphodon halfatah Keith, Marquet & Watson, 2007 - First record by Keith, Marquet & Watson (2007:

34-37); MNHN material
Stiphodon mele Keith, Marquet & Pouilly 2009 - First record by Keith, Marquet & Pouilly (2009: 473);

MNHN para types.
Stiphodon rutilaureus Watson, 1996 - Keith et a!., this volume
Stiphodon sapphirinus Watson, Keith & Marquet, 2005 - Keith et aI., this volume
* Trimma caesiurajordan & Seale, 1906 - USNM material
* Trimma ohinawae (Aoyagi, 1949) - USNM material
*Trimma striata (Herre, 1945) - USNM material
*Trimma tevegae Cohen & Davis, 1969 - Video sequence 2006
*Tryssogobius colini Larson & Hoese, 2001 - Photograph 2006; video sequence 2006
tValenciennea puellaris (Tomiyama, 1955) - USNM material; video sequence 2006
*Valenciennea randalli Hoese & Larson, 1994 - Photographs 2006
*Valenciennea sexguttata (Valenciennes in Cuvier & Valenciennes, 1837) - USNM material; video sequence 2006
tValenciennea strigata (Broussonet, 1782) - Video sequence 2006
*Yongeichthys criniger (Valenciennes in Cuvier & Valenciennes, 1837) - MNHN material; photograph 2006

••• Microdesmidae
*Gunnellichthys curiosus Dawson, 1968 - MNHN material; photograph 2006; video sequence 2006
*Nemateleotris decora Randall & Allen, 1973 - Video sequence 2006 - (Fig. 463)
*Nemateleotris helfrichi Randall & Allen, 1973 - Video sequence 2006
tNemateleotris magnifica Fowler, 1938 - Video sequence 2006
tPtereleotris evides (jordan & Hubbs, 1925) - CAS, FMNH, SU and USNM material; video sequence 2006
*Ptereleotris heteroptera (Bleeker, 1855) - MNHN material; photograph 2006
*Ptereleotris microlepis (Bleeker, 1856) - USNM material
*Ptereleotris monoptera Randall & Hoese, 1985 - First record by Randall & Hoese (1985: 24); USNM material

••• Xenisthmidae
Xenisthmus chapmani (Schultz in Schultz, Woods & Lachner, 1966) - First record by Schultz, Woods &

Lachner (1966: 8-9); USNM material
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CC 0 Zanclidae
t Zancius com utus (Linnaeus, 1758) - Video sequence 2006

••• Acanthuridae
* ACClnthums blochii Valencien nes in Cuvier & Valenc iennes , 1835 - Video seque nce 200 6
*Acanthums dussLllnieri Valencien nes in Cuvier & Valenciennes, 1835 - Video sequence 2006
t ACClnthums lineatlls (Linnaeus, 1758) - FMNH , SU and USNM ma terial; video sequence 2006
t Acanthums mata (Cuvier, 1829) - Video sequence 2006
t Acantlnlnls nigriCClrlS (Linnaeus , 1758) - Video sequence 2006
* Acanthunls nigricauda Duncker & Mohr, 1929 - SU ma terial
*Acanthums nigrofusCLls Fo rsskal in Niebuhr, 1775 - USNM mate rial; video sequ ence 2006
t Acanthums olivaceus Fo rster in Bloch & Schneider, 1801 - Video seque nce 2006
t Acanlhums pyrofen ls Kittl itz, 1834 - MNHN material ; pho tograph 2006; video sequence 2006
*Acanrhurus thompsoni (Fowler, 1923) - Video sequence 2006
t ACClnthurus triostegus (Lin naeus, 1758) - ANSp, BMNH, FMNH and USNM ma terial
tCtenochaetus binotatus Randall , 1955 - USNM material ; video seq ue nce 2006
t Ctenochaetus cyanocheilus Randall & Clernen ts, 200 1 - FMNH material
i Ctenochaetus striatus (Quoy & Gaimard, 1825) - SU material; video sequence 2006
tCtenochaetlls tominiensis Randall, 195 5 - Video sequence 2006
t Naso annulatus (Quoy & Gaimard , 1825) - Video sequen ce 2006
t Nasa brachycentron (Valenciennes in Cuvier & Valen ciennes, 1835) - Video sequen ce 2006
tNaso brevirostris (Cuvier, 1829) - Video seq ue nce 200 6
t Nasa hexacanthus (Bleeker, 1855 ) - Video seque nce 2006
tNaso lituratus (Bloc h & Schne ide r [ex Forster] , 1801 ) - Video seque nce 2006
* Nasa lopezi Herre, 1927 - Video seque nce 2006
* Nasa macdadei Johnson, 2002 - Video seq u ence 2006
*Nasa minor (Smith , 1966) - Video seq uence 2006
*Naso thynnoides (Cuvier, 1829) - Video sequence 2006 - (Fig. 464)
tNaso unicomis (Forsskal in Niebuhr, 1775) - Video sequence 2006
tNaso vlamingii (Valenciennes in Cu vier & Valenciennes, 1835 ) - Video sequence 2006
t Zebrasoma scopas (Cuvier, 1829) - FMNH, MNHN and USNM material; photograph 2006; video sequence 2006
t Zebrasoma velifem m (Bloc h, 1797) - SMNS and USNM ma teria l; video seque nce 2006

Figure 464 : In the foreground of this image from 10 m one may see schooling Naso thynnoides, or Singlespine Unicornfi sh, whose
comm on name may be a misnomer because th is species is without a horn. This is a new record for Vanuatu, as is the Variola albimarginata,
or Lyretail Grouper, seen below the Naso school. In the right background one may also note the downfish Amphiprion c1arkii, yet another
Vanuatu record, wh ile in the left background the dark surgeonfish Acanthurus pyroferus is "merely" a new Espititu Santo record.
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••• Siganidae
t Siganus argenteus (Quoy & Gaimard, 1825) - Video sequence 2006; underwater photograph 2006
t Siganus corallinus (Valenciennes in Cuvier & Valenciennes, 1835) - Video sequence 2006
t Siganus puellus (Schlegel, 1852) - Video sequence 2006
*Siganus punetatissimus Fowler & Bean, 1929 - Video sequence 2006
Siganus spinus (Linnaeus, 1758) - First record by Fowler (1934: 429)
t Siganus vulpinus (Schlegel & Muller, 1845) - Video sequence 2006

••• Nomeidae
tCubiceps sp. - MNHN material; photograph 2006

••• Scombridae
*Gymnosarda unicolor (Ruppell, 1836) - Video sequence 2006
tRastrelliger kanagurta (Cuvier, 1816) - Video sequence 2006

••• Sphyraenidae
t Sphyraena forsteri Cuvier in Cuvier & Valenciennes, 1829 - Video sequence 2006
t Sphyraena qenie Klunzinger, 1870 - Video sequence 2006

••• Gempylidae
*Rexea sp. - MNHN material

••• Caproidae
*Antigonia malayana Weber, 1913 - MNHN material; photographs 2006
*Antigonia rubescens (Gunther, 1860) - MNHN material

••• Paralichthyidae
*Psammodiscus oce/latus Gunther, 1882 - MNHN material; photograph 2006
*Pseudorhombus duplicioce/latus Regan, 1905 - MNHN material
*Pseudorhombus elevaius Ogilby, 1912 - MNHN material; photograph 2006
*Pseudorhombus spinosus McCulloch, 1914 - MNHN material; photograph 2006

••• Bothidae
*Amoglossusjaponicus Hubbs, 1915 - MNHN material
*Amoglossus macrolophus Alcock, 1889 - MNHN material
t Bothus maneus (Broussonet, 1782) - MNHN material; photograph 2006
t Bothus pantherinus (Ruppell, 1830) - Photograph 2006
*Engyprosopon bellonaensis Amaoka, Mihara & Rivatori, 1993 - MNHN material
*Engyprosopon longipterum Amaoka, Mihara & Rivaton, 1993 - MNHN material
Engyprosopon vanuatuensis Amaoka & Seret, 2005 - First record by Amaoka & Seret (2005: 15);

MNHN material
*Kamoharaia megastoma (Kamohara, 1936) - MNHN material
*Neolaeops microphthalmus (Bonde, 1922) - MNHN material; photograph 2006
*Parabothusfilipes Amaoka, Mihara & Rivaton, 1997 - MNHN material
*Parabothus kiensis (Tanaka, 1918) - MNHN material
*Psettina variegata (Fowler, 1934) - MNHN material

••• Pleuronectidae
*Nematops grandisquamus Weber & Baufort, 1929 - MNHN material
*Nematops macrochirus Norman, 1931 - MNHN material
*Poecilopsetta plinthus (Iordan & Starks, 1904) - MNHN material

••• Citharidae
*Brachypleura novaezeelandiae Gunther, 1862 - MNHN material

••• Soleidae
tPardachirus pavoninus (Lacepede, 1802) - BMNH material

••• Cynoglossidae
*Cynoglossus sp. (Fricke MS) - MNHN material; photograph 2006
*Symphurus sp. - MNHN material
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••• Samaridae
*Samariscus longimanus Norman, 1927 - Photograph 2006

••• Triacanthodidae
*Atrophacanthus japonicus (Kamohara, 1941) - MNHN material; photograph 2006
*Halimochirurgus sp. - MNHN material
*Macrorhamphosodes uradoi (Kamohara, 1933) - MNHN material; photograph 2006
*Triacanthodes ethiops Alcock, 1894 - MNHN material; photograph 2006
*Tydemania navigatoris Weber, 1913 - MNHN material

••• Balistidae
t Balistapus undulatus (Park, 1797) - CAS, FMNH and SU material; video sequence 2006
t Balistoides conspicillum (Bloch & Schneider, 1801) - Video sequence 2006; underwater photograph

2006
t Balistoides viridescens (Bloch & Schneider, 1801) - Video sequence 2006; underwater photograph

2006
tMelichthys vidua (Richardson [ex Solander], 1845) - Video sequence 2006
tOdonus niger (Ruppell, 1836) - Video sequence 2006
t Pseudobalistes Juscus (Bloch & Schneider, 1801) - USNM material
t Rhinecanthus aculeatus (Linnaeus, 1758) - Underwater photograph 2006
t SuJjlamen bursa (Bloch & Schneider, 1801) - MNHN material; photograph 2006, video sequence 2006
t SuJjlamen chrysopterum (Bloch & Schneider, 1801) - Video sequence 2006
t SuJjlamen Jraenatum (Latreille, 1804) - Video sequence 2006

••• Monacanthidae
t Amanses scopas (Cuvier, 1829) - Video sequence 2006
tCantherhines pardalis (Ruppell, 1837) - Video sequence 2006
tOxymonacanthus longirostris (Bloch & Schneider, 1801) - Video sequence 2006
t Paraluteres prionurus (Bleeker, 1851) - Video sequence 2006
*Paramonacanthus curtorhynchus (Bleeker, 1855) - MNHN material; photograph 2006
t Pervagor melanocephalus (Bleeker, 1853) - Video sequence 2006

••• Ostraciidae
tLaetoria comuta (Linnaeus, 1758) - MNHN material; photograph 2006
tOstracion cubicus Linnaeus, 1758 - Video sequence 2006
*Ostracion meleagris Shaw in Shaw & Nodder, 1796 - Video sequence 2006
*Ostracion solorensis Bleeker, 1853 - Video sequence 2006

••• Triodontidae
*Triodon macropterus Lesson, 1831 - MNHN material

••• Tetraodontidae
t Arothron hispidus (Linnaeus, 1758) - MNHN material; photographs 2006
*Arothron manilensis (Marion de Proce, 1822) - MNHN material; photograph 2006
t Arothron nigropunctatus (Bloch & Schneider, 1801) - CAS and USNM material; video sequence 2006
*Canthigaster axiologus Whitley, 1931 - Video sequence 2006; taxonomic decision of Randall, Williams &

Rocha (2008: 6-7, as C. axiologa)
Canthigaster bennetti (Bleeker, 1854) - First record by Fowler (1934: 449); USNM material
tCanthigaster compressa (Marion de Proce, 1822) - MNHN and USNM material; photograph 2006
*Canthigaster epilampra (jenkins, 1903) - MNHN material; video sequence 2006; photographs 2006
Canthigaster janthinoptera (Bleeker, 1855) - First record by Fowler (1934: 449); USNM material
*Canthigaster papua (Bleeker, 1848) - Video sequence 2006
"Canthigaster rivulata (Temminck & Schlegel, 1850) - MNHN material; photograph 2006
*Canthigaster solandri (Richardson [ex Solander l. 1845) - Video sequence 2006
tCanthigaster valentini (Bleeker, 1853) - CAS,MNHN and USNM material; video sequence 2006; photographs

2006; underwater photograph 2006
*Tylerius spinosissimus (Regan, 1908) - MNHN material

••• Diodontidae
*Diodon holocanthus Linnaeus, 1758 - MNHN material; photograph 2006
t Diodon hystrix Linnaeus, 1758 - Video sequence 2006
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UNUSUAL AND SPECTACULAR CRUSTACEANS
Tin-Yam Chan, Masako Mitsuhashi, Charles H.J .M. Fransen, Regis Cleva, Swee Hee Tan,

Jose Christopher Mendoza, Marivene Manuel-Santos & Peter K. L. Ng

In San to 2006, the crus taceans mainly from the
Order Decapoda (ie. shri mps and crabs) were sur
veyed . It was estimated abo u t 1000 species were col
lected during the exped ition . This number suggests
that a high diversity of crustaceans could be found
around the island. Th is is especially cons ide ring that
on ly 671 spec ies of decapod crustaceans have been
report ed from the en tire Mar iana Islands while 2262
species of shrimps and crabs are know from th e
whole of Australia. On the other hand, the diversity
fou nd in Santa is about two-thirds that collected
by similar expeditions in the Philippines, whi ch
is believed to be in the centre of marine biodiver
sity Altho ugh the diversi ty of deca pod crus tacean
from Santo 2006 is lower than in the Philippines,
it was estima ted that about one-third of the spec ies
collec ted were different from those found in the
Ph ilippines. Moreover, the roughly 500 species of
mac rura ns (i.e. shrimps and lobsters) and anomu
rans (i.e. hermit crabs and alike) collected belong
to 45 families -that constitu ted abou t 60% of the
world marine families (76) known for these groups .
Preliminary sorting revealed that at least two new
genera and 32 new species were present in the Santa
2006 collection.

Mos t spec ies co llec ted from th e San to 2006 we re
relat ive ly sma ll in size . Large commercial spe
cies (such as Penaeus and spiny lobst ers) are not
we ll represented but thi s was probably du e to
th e sampling methods used . For example, one
of the most renowned crustaceans in Vanuatu ,
th e coconu t crab Birgus tatro, was not collected

altho ug h the villagers know it we ll. In shallow
mar ine ha bita ts, the caridean shrim p fro m th e
fami lies Pa laemon idae (m ain ly th e subfa mily
Pc n to ni inae) and Alphe idae were abu nda n t as in
most parts o f the wo rld . However, th e Santa 2006
ex pedi tio n also co llected num erou s specimens
from the sup po sed rare caridean shrimp fam ily
Ogyrididae, which is uniqu e in have very long eye
sta lks . In deeper waters , species belonging to the
genera Metapenaeopsis and Penaeopsis, the fami
lies Aris teida e and Solenoceridae (Penaeoidea) ,
Pandalidae (Caridea), an d Ga latheidae (Anomura)
were do minant in the catches , a si tua tion similar in
other de ep sea sa mp ling efforts . However, clawed
lobst ers (As tacidea) we re poorl y represented in
th e San to 2006 deep -water sa mp les . O the r th an
th e decapods , only th e crustaceans from the order
Stoma topo da (man tis sh rimps) were collec ted and
wi th preliminary in vesti gati ons sugges t a rather
high divers ity could be expec ted . Sim ilar to the
si tuatio n seen in the decapods , the sto rnatopod
co llec tion was also mainly represented by sm all
s ized species. Other cr usta cea ns co llec ted at
San to 2006 were Cirriped ia (barn acles) , Mys ida ,
Amphipoda , Isop od a and Eupha usi acea , but th ey
were prese n t in lesser nu mbers probably du e to
the collecting gea rs used .

• • • Penaeoidea (Fig. 465)
Th is group includes the mos t commerc ial impor
tant shrimp genus Penaeus s .1. but adult specimens
were collec ted for only on e species, P marginatus, in
Santa . On the other hand , th e genus Metapenaeopsis

Figure 465: Penaeoidea (id. by T. Y. Chan) . A: Penaeus (Melicertus) marginatus (Penaeidae). B: Metapenaeopsis sp. (Penaeidae) .
C: Penaeopsis sp. (Penaeidae) . D: Parapena eus sp. (Penaeidae) . E: Aristaemorpha foliacea (Aristeida e) . F: Solenocera rathbuni
(Solenoceridae) .
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Figure 466: Stenopodidea (id. byT.Y.Chan).A: Stenopushispidus
(Stenopodidae). B: Stenopus tenuirostris (Stenopodidae).
C: Microprosthema sp. (Spongiocolidae).
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is very common in both shallow and deep waters.
In deep wa ter, species 0 f the genus Penaeopsis
and sometimes Parapenaws are also abundant in
the catches. All these genera belong to the family
Penaeidae. Other penaeoids that sometimes can
be found in large numbers belong to the families
Aristeidae and Solenoceridae.

• •• Stenopodidea (Fig. 466)
Of the three families in this infraorder, two
were found in Santa. The well-known cleaner
shrimp genus StenopLls has two species collected,
the common S. hispidLlS and the less common
S. tenLlirostris. In the Philippines, many stenopo
dids were found to live inside sponges bu t this
association is uncommon in Santa. Therefore,
the diversity of Stenopodidae is not particularly
high in Santa .

• • • Caridea
Th e highest diversity for shrimps is in the
Caridea. As in most of other parts of the world,
the main diversity of carideans in Santa are in
the families Palaemonidae (largely the subfamily
Pontoniinae, Fig. 467) and Alpheidae (Fig. 468)
for shallow waters, and Pandalidae (Fig. 469)
for deep water. Most of the Pontoniinae and
Alpheidae are symbiotic with other invertebrates
(e.g. corals, sea anemones, sea stars, sea urchins,
crinoids, sponges, etc.) and with brilliant color
ation and/or bizarre body forms. Many of them
even with body coloration are able to change
with the host color and thus making a perfect
camouflage. Beside these two families, shal
low water members of the family Hippolytidae
(Fig. 470), which have similar symbiotic life
styles, are also well represented in the samples
but with a much lower diversity. Of particular
in the shallow water samples of Santo are many
specimens belonging to the family Ogyrididae,
which is generally considered to be a rare fam
ily. Most Ogyrides were found in samples from
sandy bottoms. Such a habitat probably has
some relationships with the characteristic long
eyes in these shrimps. In deep water, the car
idean family Pandalidae is predominant. Those
belonging to the genus Heterocarpus are mod
erate in size and of commercial potential. The
others mainly belong to the genus Plesioniha
which often have distinctive color markings on
the body. The classical deep-water caridean fam
ily Glyphocrangonidae is also well represented
in the Santo samples. The Santa expedition
also collected some uncommon or rare families
(Fig. 471), such as Disciadidae from shallow
water, and Psalidopodidae and Thalassocarididae
from deep water. At least one caridean species
new to science has been discovered and it is
believed that more new species of this group
will be found when the Santo material of this
group is studied in detail.
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Figure 467: Palaemonidae (Pontoniinae) (id. by M. Mitsuhashi & C.HJ.M. Fransen). A: Brucecaris tenuis, in association with red
crinoids. B: Brucecaris ten uis, in association with black and yellow crinoids. C: Anchistus custoides, live inside clams. 0 : Laom en es
am boine nsis, in association with crinoids. E:Ancylom enes sarasvati in assoc iation with the bubble coral Physogyra lichtensteini
(photo S. Schiaparelli). F: Ancylomenes sarasvati, side view. G: Ancylomenes sarasvati, upper view. H: Coralliocaris graminea found
in assoc iation with scleraetinian corals. I: Cuape tes kororensis found in association with the coral Heliofungia actiniformis.
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Figure 468: Alpheidae (id. by A. Anker). A: Alpheus sp. B: Alpheus lottini. C: Alpheopsis aft. yaldwyni. D: Aretopsis aft. amabilis.
E: Synalpheus stimpsoni living on the oral disc of crinoids.

Figure 469: Pandalidae (id. by T.Y. Chan). A: Heterocarpus hayashii. B: Heterocarpus corona (recently described new species based
on Santo specimens). C: Plesionika aft. binoculus.

Figure 470: Hippolytidae (id. by T.Y. Chan & T. Komai). A: Lysmata amboinensis, one of the cleaner shrimps. B: Thor amboinensis.
C: Tozeuma sp. D: Saron sp. (probably a new species).
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Figure 471: Rare and uncomm on shrimps collected (id. by T.Y. Chan & T. Komai). A: Ogyrides sp. (Ogyrididae) . B: Discias sp.
(Disciadida e). c:Chlorotocoides spinicauda (Thalassocarididae). 0: Phyllognathia ceratophthalma (Hymenoceridae). E: Pycnocaris
chagoae (Gnathophy llidae). F: Psalidopus huxleyi (Psalidopodidae). G: Clyphocran gon similior (Glyphocrangonidae) .

• •• Lobsters
Lobsters (Fig. 472 ) are not well represented in the Santa
samples . Only two sp ecies of clawed lobsters
(Astacidca) and a few sp ecies of spiny lobs ters
(Palinur idae) were collected . It seems that the low
diversity of lobsters in the Santo expedition was a
resu lt o f the sampling gears used . Nevert heless, at
least two new species of lobs ters were foun d during
the expedition.

•• • Anomurans
As in the othe r pans of th e world , anomurans

are well represented in Santo by th e hermit crabs
(Pagu roidea, Fig. 473 ), sq uat lobsters (Galatheidae
an d Chirostylidae, Fig. 474) , procellanid cr abs
(Porcell an idae, Fig. 475 ) , the mud sh rimps
(Tha las sinidae , Fig . 476) and the king cr abs
(Lithodidae, Fig . 477 ) . The porcellanid crabs are
largely from sha llow wa ter, but th e thr ee other
groups have high div ersity in both shallow and
deep wa ter. Th e k ing crabs are all from the deep
sea . For th e hermit crabs , a genus new to science
has already been discovered and at leas t two new
sp ecies of squat lobst ers hav e also been found .



Figure 472: Lobsters (id. by T.Y. Chan & S. Ahyong). A: Panulirus femoristriga (Palinuridae). B: Justitia vericeli (Palinuridae) . C: Puerulus
new species (Palinuridae). D: Petraretus holthuisi (Scyllaridae, recently described new species based on Santa specimens) . E: Ibacus
novemdentatus (Scyllaridae). F: Stereomastis aft. surda (Palychelidae). G: Nephropsis aft. sulcata (Nephropidae).



Marine Ecosystems

Figure 473: Hermit crabs (id. by 1. Komai, D.L. Rahayu & P.A. McLaughlin). A: Xylopagurus caledonicus, lives in hollow wood tubes
(Pylochelidae). B: Paguritta sp., lives in burrows in coral (Paguridae). C: Coenobita rugosus, land hermit crab (Coenobitidae).
D: Pumilopagurus tuberculomanus (Paguridae, recently described new genus based on Santo specimens). E: Calcinus pulcher
(Diogenidae). F: Ciliopagurus strigatus (Diogenidae). G: Pseudopaguristes aft. kuekenthali (Diogenidae). H: Pseudopaguristes
bollandi (Diogenidae). I: Dardanus megistos (Diogenidae).
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Figure 474: Squat lobsters (id. by E. Macpherson, K. Baba & c.w. Lin) . A:Allogalathea elegans (Galatheidae). B: Galathea aff. tropis,
associated with sunken woods (Galatheidae). C: Raymunida vittata (Galatheidae). D: Golatha aff. maculiabdominalis, associated with
hard corals (Galatheidae). E: Lauriea new species, associated with sponges (Galatheidae). F: uroptychus joloensis, assocaited with
black corals (Chirostylidae). G: Uroptychus new species (Chirostylidae). H: Uroptychus new species (Chirostylidae).
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Figure 475: Porcellanid crabs (id. by M. Osawa). A: Lissoporcellan a nakasonei, associated with soft corals (Porcellanidae).
B: Petrolisthes militaris (Porcellanidae) . C: Pachycheles sculptus (Porcellanidae) .

Figure 476: Mud shrimps (id. by P.e. Dworschak).A: Eiconaxius sp., associated with ?encrusting spo nges (Axi idae). B: Paraxiopsis sp.
(Axiidae). C: Callianidea typa (Callianideidae). D:Upogebia sp. (Upogebiidae).

• • • Crabs
For crabs (Brachy ura) (Fig. 478) , it was es tima ted
that so me 50 0 species were co llec ted and an es ti
mat ed 10 species are unde scri bed . In vestigations
on the famil y Calappidae revealed 11 species in
the genus Catappa , and on e species each from
the genera Izanami and Mttrsia. In th e family
Leucosiidae, th e fo llowing number of sp eci es
were recorded from th e following genera : four
for Arcania; two eac h [or lptiiculus, Pariphiwl tts
an d Ray lila and Toru ; one each for Nur silia ,
Oreotios, Alox , Heteroluhadui , Soceului, Tohoyo,
Urashima. One beautiful new species of deep water
leucosiid of the genus Euciosiana, E. guinotae, was
recently des cribed . The larges t family represented
in the entire crab collec tion was from th e famil y
Xan thidae with some 125 species. On e of th em is

Figure 477: King crabs (id. by E. Macpherson). Neolithodes aft.
brodiei (Lithodidae).

a new species , Liagore pulchella, which is on ly the
th ird known species in the genus and is unique
in that it lack spo ts on the carapace, unl ike its
congen ers .
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Figure 478: Crabs (id. by S.H. Tan, J.c. Mendoza, M. Manuel-Santos & P.K.L. Ng). A: Homolomannia sibogae (Homolidae).
B: Calappa japonica (Calappidae). C: Pleistacantha cervicornis (Inachidae). D: Xenocarcinus depressus (Epialtidae).
E: Platypilumnus cf. gracilipes (Mathildellidae). F: Orcovita mcneiceae (Varunidae). G: Benthochascon hemingi (Portunidae).
H: Trapezia rufopunctata (Trapeziidae). I: Liagore pulch ella (Xanthidae , recently described new species based on Santo
specimens). J: Demania splendida (Xanthidae) . K: Euxanthu s ruali (Xanthidae) . L: Liomera sp. (Xanthidae).

• •• Stomatopods
Stoma to p ods (F ig . 4 79 ) ,
although commonly called
mantis shr imps , are far dis
tant from the tru e shrim ps
and crabs (i.e. they belon g to
different orde rs) , but they are
often gro uped with the latt er
as large crus taceans . In Sant o ,
the diversit y of stoma topo ds
is rath er high with at least 36
spec ies collec ted and five new.

Figure 479: Stomatopods (id.byS.Ahyong).A: Neoanchisquillatub erculata.B: Odontodactylus
scyllarus. C: Pullosquilla new species. D: Chorisquilla hystrix.
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THE MARINE MOLLUSCS OF SANTO
Philippe Bauchet, Virginie Heres, Pierre Lazouet, Philippe Maestrati & Ruda van Casei

scientific inve ntory of ma rine molluscs resembles
only remotely she ll co llecting , as it is practi ced lei
surely by many hobbyists , divers and vaca tione rs .

The sec on d approach to docu 
menting bi odiversity is that of
(quantita tive) eco logy. Ecologists
are interest ed in documenting and
under st anding su ch descriptors
as biornass, produc tivi ty, recruit
me n t efficiency, or (un)evenness
in species composi tion, and thi s is
ac hieved by coun ting ind ividua ls,

The oldes t of th ese approaches to
do cumenting ma rine biodiversity is
undoubtedl y th e taxon omi c school.
Taxonomist s travel the world to
discov er species , document where
th ey live, name th em and es tablish
th eir classificat ion . To a taxono
mist , "every sp ecies cou nt". After
two and a half cent ury of suc h
explo ra tio n, taxo no mis ts have
su ccessfully docum ented aroun d a
quarter milli on marine spec ies , of
whi ch 60000 are mo lluscs . Based
on spec ies inv entori es , by th e
end of th e 19th cent ury scie n tis ts
already had a clear vision of the
major biogeograp hica l prov inces
of th e wo rld, and by th e middle
of th e 20 th century they had rec
ogni zed South-Eas t Asia and th e
West Pac ific as a center of high
sp ecies conce n tra tion.

• • • Different forms of biodiversity surveys
The world of (marine) biodi versity
research and monitoring is organized
in schoo ls that reflect the in trin 
sic motivations of its part icipants .
These schoo ls publish in different
jo urnals, meet in different congress,
and are supported by different pro
grammes and institutions .

The Santo 2006 exp ed ition was th e fifth organized
by our research group to document th e biodiversity
of marine molluscs in complex tropi cal wa ters in
the West and South Pacific: Touho and Koumac
(New Caledonia ) 1993 , Lifou (Loya lty Islands)
2000, Rapa (Austral Is, French Polyn esia) 2002,
Panglao (Philippines) 2004, were all forer unners to
the marine pan of Santo 2006. During each expe
diti on, observation s were made, concl usio ns were
drawn and lessons were learnt.

With about 60 000 valid spec ies cur rently kn own,
molluscs are th e most diversi fied ph ylu m in the
sea. They exhibit a fantas tic ra nge of size and body
form -from micro molluscs adult at siz es < 1 mm
to giant clams- and th eir biology an d ecology also
display many different mod es and patt erns - filter
feeders, grazers , predators , or paras ites. Man y lay
persons believe th ey know "mo lluscs" beca use they
know "seashells ", how ever th is is a very misleading
approx imation (Fig. 480). In fact , most spec ies of
molluscs are small to m inu te, wi th adu lt sizes in
the range of 2-10 m m. Many hav e red uced she lls,
or even no sh ell at all. And man y live in close
relationship with o the r invertebrat es , as cornme n
sals , associates and parasit es . Th is mean s that a

Figure 480 : Tropical mollu scan biodiversity as represented in "shell books" (A)
as opposed to their " real" diversity in comp lex tropic al coastal environments (B).
Percentages for the diff erent seashell families are averaged from a blend of recent
popular guides; percentages for the famil ies of micromolluscs are based on their
weight in the fauna of Kournac, New Caledonia.
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Figure 481: Location of the sampling sites in southeastern Santo. Dots = dives,
intertyidal collects, triangular dredge, moored nets; segments = dredging and
trawling from Alis.
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measuring and weighting th em, measu ring their
respiratory rat e, etc. In a nutshell , the approac h
of ecologists is all about "processes" , wh en the
approach of taxonomists is all about "patterns" .
It is essential for ecologists that sampling follow s
a repeatable protocol and is done qu antitativ ely
per surface or volume, i.e. per square meter or
hectare or cubic meter. To an eco logist, species
per se do not matter, exc ept perhaps as a measure
of how complex the ecosyst em is, Le. how many
species there are that make it work. In th e case of
molluscs, an ecologist is, as a rul e, blind to empty
shells, because they do not carry any info rmation
on ecosystem function.

A third approach to biodiversit y surveys is bicdi 
versity assessments. Conservationists need "imme
diat e" science-based facts to inspi re decisions on
man agem ent and use of land and sea areas that
are measured in 1000s or 10 OOOs of hectares , i.e.
the spatial scale of landscap es/seascap es. But con
serv ationists are daunted by the magnitude of the
biodiversit y the y want to highlight, promote, and
conserve. As a conse que nce , biod iversity assess
ments focus on a few selec ted taxa for whi ch the re
is the work force to identi fy them on the spot:
fishes, reef corals, sea grasses and
mangroves, and a handful of charis
matic megavertebrates suc h as turtles
and dugongs. The Rapid Assessm ent
approach has been su ccessful in
highlighting areas of conse rva tion
interest, in raising and disseminat
ing environmental awareness, and in
bringing together the worlds of pub
lic agencies (the World Bank, USAID,
etc.), pri vate funding (corp orate and
foundations) and the public opinion.

• •• Background:
The New Caledonia and
Panglao case studies

Three schools , three ir rec onc il i
able schools, it would seem . Back in
the 1990s, partly in reacti on to the
strangely small numbers of spec ies
reported in quantitative ecology papers
from the Australian Great Bar rier Reef
or Fiji, we organized the Montrouzier
expedition in New Caledonia in 1993.
But we wanted both specim ens an d
data. We wanted simultan eou sly to
champion the taxonomist 's soft spo t
for "every species" and to return
home with data that would have eco
logi cal significance beyond sp ecies
lists. Alread y then , the Montrou zier
expedi tion used innovative collec ting
devices (the tim e-approved vacuum
cleaner of ecologists and a newly
developed "brushing basket" that did

marvels), deployed large-scal e manp ower for pro
cess ing and sorting samples , and ambitioned to
saturate the sampling at the seasca pe scale. Two
sites, one on the west coas t (Koumac), on e on the
east coas t of New Caledonia (Touho), were sampled
each during a period of four weeks , each with a
400 day-persons collec ting and field sorting effort .
It was the first time marine molluscs were docu
mented at that scale, and it took alm ost 10 years
to analyze the data. Th e results of the Koumac site
comforted our initial intuitions : over an area of
less than 30000 hectares, we had sampled 127652
specimens of molluscs repr esenting 2 738 species.
Of these, despite 42 discrete collec ting stations had
been sampled, 32 % wer e collec ted onl y on ce, and
-despite the intensity of the collec ting effort
20 % of the species were represented by just single
tons. The parallel so often drawn between coral
reefs and rainforests was justified , and the molluscs
were trul y the beetles of th e sea !

After New Caledonia, like any marin e biologist , we
were itching to investiga te the Coral Triangle, the
cradle of marin e biodiversity richness. The Panglao
2004 Marine Biodiversity Project was a join t ven
ture between Museum national d'Histoire Naturelle

\
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and the University of San Carlos, based in Cebu
City. Beside molluscs, the expedition also involved a
strong crustacean component. From our base on the
island of Panglao, in the province of Bohol, in the
Visayas region of the central Philippines, a total of 59
sites were sampled intertidally; 78 general samples,
53 suction samples and 42 brushings were obtained
by SCUBA; 42 trawl and 14 dredge samples were
taken between 60-130 m; in addition, traps, tangle
nets and lumun lumun, a speciality of the Visayas,
were deployed on reefs drop-olfs. Admittedly, Panglao
was certainly not an "untouched" place. The human
population pressure was obvious, with people every
where at low tide on the narrow intertidal platform,
collecting anything that can be eaten or sold at the
market. Likewise, many echinoderms are collected
subtidally, and large holothurians have become rare
there as in many other parts of the world. However,
we were surprised that scarcity affected not only the
large edible specimens, but also the micromolluscs,
as if the excessive taking of many large specimens
had a cascading effect in the ecosystem on all size
classes of benthic molluscs.

Compared to New Caledonia, the Philippines experi
ence had been invaluable in confirming the validity
of our diversified sampling techniques and in upscal
ing and expanding the organization of the field party.
The Panglao expedition was also the first one imme
diately following Paul Hebert's "big bang" barcode
paper of 2003, and was thus the first expedition
where a row of participants was specifically dedi
cated to tissue clipping for molecular sequencing.

• •• Back to the South Pacific
The Panglao expedition had undoubtedly refined
the art of taxonomic inventory, but it was sending
the gospel of tropical species richness to the same,
already converted, community of taxonomists. With
the Santo 2006 expedition, our ambition was to actu
ally confront on a single site the different approaches
to biodiversity surveys: we would have an "all-spe
cies" taxonomic survey, of course, but we would also
attempt to conduct a rapid assessment and we would
do quantitative sampling. This required to extend
the roster of participants beyond the traditional core
of our previous expeditions. The rapid assessment
was conducted by Fred Wells, then at the Western
Australian Museum, and "the" malacologist on many
Conservation International's Rapid Assessments.
The quantitative sampling was conducted by John
Gray, benthic ecologist at the University of Oslo,
and a giant in statistical approaches to measuring
species richness and species diversity. For the "all
species" survey, we also innovated by bringing on
board Richard Pyle, of the Bernice P Bishop Museum
in Honolulu, who is pioneering deep diving in the
"twilight zone" with trimix and rebreathers.

Vanuatu, and more specifically the island of Espiritu
Santo, was selected for a variety of reasons. Some of
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the reasons had to do with the overall project archi
tecture, as Santo had a lot of different habitats to
offer to botanists, entomologists, biospeleologists,
and freshwater biologists, beside marine scientists.
The other reasons were environmental (low popu
lation pressure, good overall environmental qual
ity), and logistical (facilities offered by the VanuatLl
Maritime College, and lRD's Noumea center and
facilities in the background, so to say).

The Rapid Assessment was conducted in August
2006, and its results are presented in a separate
chapter. Regrettably, although 22 grab samples
were taken from R.V Alis, the quantitative sur
vey did not work as expected. John Gray and his
team (Camilla Friseid, Gorild Hoel, Karen Webb,
Annelise Fleddum) quickly found out that near
shore soft bottoms near Luganville were too coarse
to allow for the grab to operate smoothly, and they
had to shift their bathymetric target to 60-80 m.
However, as these depths were too great to be sam
pled by SCUBA by "every-species-counts" as well
as rapid assessment methodologies, the comparison
between the three approaches to measuring biodi
versity was, in the end, not possible. Nevertheless,
John Gray was inspired by what he saw in Santo and
we had lengthy discussions on the different strategic
approaches to measuring and documenting marine
biodiversity It is sad that Iohn Gray passed away on
21 October 2007, at the age of 66, before we could
implement the ideas and plans resulting from these
discussions. (Incidentally, the editorial to issue 56
of Marine Pollution Bulletin published after his death
carries a picture showing him at work in Santo).

• •• Organisation of field operations

,Q 0 Intertidal work
The maximum tidal amplitude in Santo is in the
order of lA m. As the coastline profile is gener
ally rather steep, the intertidal zone is usually

Figure 482: Jean-Claude Plaziat and Samson Vilvil-Fare
sampling the high intertidal in a mangrove area.
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quite narrow, often in the range of 20-50 m. New
moon and full moon periods are naturally the
best, but intertidal samples were actually taken
nearly every day, as some habitats (high inter
tidal, estuarine, river/mangrove transition) do not
require spring tides to be properly sampled. The
rivers of SW Santo were sampled upstream until
freshwater (Fig. 482). Intertidal samples typically
consisted of specimens of large/medium-sized spe
cies picked with the naked eye on the shore or in
hand dredge (in sand); examination of residues of
rock/algal wash; and echinoderms hosts specially
examined for eulimid gastropods. A total of 84 sites
were sampled intertidally. Some sites were sampled
twice, thrice, or even four times. Participants spe
cially tasked to intertidal work were: Takuma Haga,
Yasunori Kano, Pierre Lozouet, Timea Neusser,
]ean-Claude Plaziat, Stephen Vutilolo .

••. Diving
Sub tidal sampling was central to the Santo project
and at least three small boats were assigned to
sampling by SCUBA at anyone time. The Maritime
College's Emm-nao was dedicated, first to the Rapid
Assessment (Fred Wells, Dominique Larny), then
to the nudibranch group (Yolanda Camacho, Mike
Miller, Marta Pola, Jose Templado, Angel Valdes,
assisted by Steve Vira) , while the whaleboat from
the Department of Fisheries and the Evolan or
Aldric would carry divers with special equipment
(brushing baskets and suction samplers) and div
ers focussing on hand-picking specimens (espe
cially molluscs living in association with other
invertebrates: echinoderms, octocorals and corals,
etc.). Because the processing of the residues takes
a long time, dives that generated such samples
(by brushing or suction) were, as far as possible,

Figure 483: The air-operated suction sampler in operation by
SCUBA divers.

Figure 484: The team of trimix/rebreather divers on the pier and in
operation, with some of the bizarre molluscs collected by electric
suction sampling: a eulimid with wing-like growth varices (right), an
arcid bivalve (left), and a gastropod of unknown family position.

. 424



taken in the morning. A few di ves were made
at night , mostly in the Segond Channel in th e
vici nity of our sho re base. A total of 204 general
samples, 47 su ction samp les and 66 br us hings were
made (Fig. 483 ) . Part icip ants sp ecially tasked to
the SCUBA team were: Lament Albenga, Jacques
Dumas , Eric Folch er, Adr iaan Gi ttenberger , Marco
Oliverio , jacqu es Pelorce, Pat rice Peti t de Voize ,
Stefano Schiaparell i (Fig. 484).

As me n tion ed above , beside regular SCUBA, the
Santo expedi tion also made use o f helium diving
(wi th helium tan ks speci ally freighted to San to
from Aus tra lia" ) . Th e sma ll team (john Earl e , Brian
Greene, Rich ard Pyle, assis ted by j ean-Francois
Barazer) of trimix div ers, operatin g from IRD's
Aldric, were fish specialis ts but Rich ard took nine
suc tion samples down to 120 m usin g a sma ll elec
tric vac uum clean er built for th e expedition .

••• Trawling and dredging
R.V Ahs, the 27 m research trawler of lnstitut de
Recherche pour le Deveioppement (IRD) , was used for
taking quantitative grap samples in 40-80 m, and for
dredging and trawlin g to greater depths, from abou t
50 m to 850 m. Although the ship has autonomy
for cru ises of up to three weeks, it was essent ially
dep loyed on a day-to -day basis with catches and resi
du es brought back alive every aftern oon to the lab for
pho tography and tissu e clipping. However, a cluster of
five consecu tive days was set aside to sample sunken
wood in Big Bay, as part of the SANTOBOA cru ise.
In more shallow water, a small triangular dredge was
deployed by hand from Maritim e College's Evolan (or
other small boats) to sample soft bottom patches in
5-30 m. A total of 135 dredge/trawl were taken from
Alis, and 37 triangular dredge samples were taken
su b tida lly. Parti cipan ts specially tasked to dredg
ing and trawling were Magalie Castelin, Christo phe
Chev illon, Rudo von Cose l, Olivier Gros, Bertrand
Richer de Forges , Sarah Samadi.

••• Tan gle nets and lumun lumun
Lumu n lumun is a cebua no word designating tangle
net material su rround ed by a stron ger net wi th large

Figure 485 : The sturdy Waren Dredge used to sample mixed
and hard bott om s.
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Figure 486: Jo Arbasto (right) and Steve Vira (left) deploying
tangle nets off Aore.

mesh size , that is usually left on the sea floor for abou t
a month or more. Tangle nets and lumun lumun are
routinely used in the Ph ilippines to catch commer
cial seashells from deep (30- 200 m) and steep hard
bo ttoms (Fig . 486 ) . These collecting methods have
been responsible for the disco very of dozens of new
species , many of which have never been collected by
ano ther technique. It was thu s felt desira ble to use
them also in Santo.}o Arbas to , a local fisherman from
Pang lao, the Phili ppines, who had been wo rking for
us during the Panglao 2004 exp edi tion , agreed to try
h is skills in Vanuatu , a completely new environment
for h im. Initi ally, we had planned to deploy lumun
lumuns ahead of the mai n party, so that they would be
retrieved at the beginning of the exped ition and then
redeployed . However, the shipme nt of equ ipme nt
from Manila was delayed and the lumun lumun were
dep loyed only days before the main party arriv ed.
Additionally, it took time for jo Arbas to to become
famili ar wit h spots and curren ts in the area, and it can
be said withou t exagera tion that by the time he had
becom e acqua inted with it, it was regrettably time for
him to return to the Phi lipp ines. Altoge the r, 30 un its
of lumun lumun/tangle nets were deployed .

• •• Laboratory work

••• Sieving and Sort ing
Bulk samples and residues were sieved fresh in
seawater and frac tioned through a se t of sieves
fro m 0.5 to 10 mm, by which th e light and heavy
fractions were se para ted (Fig . 488). The coa rse
frac tions were so rte d with th e naked eye , fract ion s
below 3 mm were so rted with dissecting micro
sco pes (Fig. 48 7) . Living molluscs we re scree ned
for "interes ting" spec ies/speci me ns th at wo u ld
be channelled to the ph otography and/or barcod
ing units. The re main ing live-taken specimen s ,
as well as the emp ty shells , we re preserved in
bu lk in ethanol for further so rting. Participan ts
more specially alloca ted to sieving and on-si te
sort ing we re Ritchi e Fr an ck , Virgin ie Heros, Tani a
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Figure 487: The "sorting factory" during the marine leg of the Santo 2006 expedi tion. At rush hour, up to 20 persons were sorting,
photographing, labellin g and tissue clippin g molluscs.

Kan tor, ]ulien Lorion , Philippe Maes tra ti, Kerstin
Rigneus, Ma rilyn Scho t te , C ha rle s Tari , Emil y
Tasa le , Ande rs Wa re n, Maria Yorley. Coarse sed i
m ent samples wer e also treat ed sep ara tely for the

Figure 488 : Graham Taridia (in the back) and a local helper
sieving residues at our base at Vanuatu Maritime College.

ex trac tio n o f rneiofauna (see "Marine interstit ial"
by Tirn ea Neusser) .

In Franc e, the bulk mo llusc sam ples wer e drained ,
rins ed in fres hwa ter, and d ried. Th e second-tier
sorting took place in No vember 2007 at the Station
Hyd robiologique in Besse and, it took another three
weeks and 12 persons (P hilippe Bouchet, Mauricette
Bourgeois , Rudo von Cose l, Virginie Heros, Mande
Hol ford , Anna Holmes, Ph ilippe Maestrati, Robert
Mool en beek , Graham O live r, Stefano Palazzi ,
] acq ues Pelorce, Anse lmo Penas , Daniele Placais)
to sort all th e materi al to famil y level .

000 Photography
Boo ks on moll us cs mostly deal on ly with th eir
she lls and museum co llec tio ns mostl y co ns is t of
em pty shells . Even spirit co llec tio ns of live-coll ect ed
specime ns co ns ist o f di scoloured a nimals retracted
deep insi de th ei r she lls . All th e charac ters of th e
livin g ani ma ls are lost in th e process. In San to, we
docu mented as ma ny species as possib le of living,
crawling mollu scs , mo s tly tak en in the laboratory,
bu t some taken in si tu. All digitals photographs
h ave an identifier that connec ts them to the exact
specimen that was ph otogr aphed. Participants more
specially allo ca ted to m ollusc photography were
Delph ine Brabant and Annelise Fleddum.

Doe Barcoding and Fi xa tions for anatomical work
Th e capacity to iden tify all living organisms from a
specific sequence of th eir gene coding for cytochrome
oxidase 1 (CO l) is known as the "Barcode of Life"
In itiative. The Santo 2006 exped ition was a unique
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Figure 489 : An assortment of free-living, commensal and endoparasitic galeommatoid bivalves from the Santo study area. Most
species are in the 3-10 mm range. Many are probably new to science.
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occasion to preserve a vast collection of tropical marine
gastropods in high-grade ethanol. A special difficulty
for snails is that for a proper fixation, the animal must
not be retracted deep inside the shell, especially if it
closes with an operculum; species-level taxonomy
requires examination of the intact shell. In Santo, we
used a combination of approaches to ensure proper
fixation and preservation of shell characters. This
required either breaking the shell of one specimen
and conserving it side by side with an intact specimen
of the same species from the same sample; or relaxing
and extending the animal with magnesium chloride.
A total of 5019 barcode mollusc samples have been
preserved for this exercise, each sample consisting of
one to 3-5 (occasionally more) hypothetically conspe
cific specimens. A subset of these (3019 specimens)
were tissue-clipped already in Santo.

Taking into account redundancy (either accidental
or intentional) between samples, we believe that
this represents a set of 2000-2200 species of mol
luscs. This is the largest such systematic collec
tion ever made. In parallel, further specimens were
relaxed and fixed for anatomical or microscopy
work, in different fixatives for different purposes
(glutaraldehyde for electron microscopy; Bouin's,
formalin or alcohol for dissecting), totalling 739
such samples. Participants more specially allocated
to molluscan barcoding and fixing were jason Biggs,
Yuri Kantor, Nicolas Puillandre and Ellen Strong.

••• Station coding and labelling
With such a large amount of samples and specimens
taken, and their associated photographs and documen
tation, we built a database with three different files:

• sample identifier;
• specimen identifier;
• photo identifier.

Sample identifiers have a two-letters code where
the first letter corresponds to the boat/vehicle used
and the second letter corresponds to the type of
gear/collect, followed by a sequential number for
that boat/vehicle. For example, LB26 [26th opera
tion on Aldric, a brushing], ATl15 [1l5th opera
tion on Alis) , ete. The database contains location
(latitude, longitude and depth), brief description of
site and information such as the boat used.
Specimen/photo identifiers also consist of a two
letter code corresponding to the initials of the
observer/operator, followed by a sequential num
ber. For example, LB26_BC2456 [brushing sample
26 on Aldric, barcode sample 2456], ATl15_DB247
[haul 115 on Alis, Delphine Brabant photo 247).
Didier Molin was specially allocated to the tracking
of station data and associated information.
Letters used to represent the method of collection are:

• B - SCUBA, brushing;
• D - triangular dredge;
• L - lumum lurnun;
• M - intertidal collection;

• R - SCUBA, hand-collecting;
• S - SCUBA, suction;
• T - beam trawl and Waren dredge on Alis.

••• Networking with specialists
No single person and no single institution has the
skills to study, identify and describe such a rich
and complex tropical fauna as that of Santa. In a
group as diverse as molluscs, species-level taxo
nomic expertise is developed at the level of a fam
ily, superfamily or any other discrete operational
group, and throughout the years we have nurtured
a network of specialists that collaborate with us
on the material generated by our expeditions. The
Santo material may be worked up by them as a sep
arate publication, or it may be included in a broader
dataset that includes material from other South and
West Pacific localities, or it may even be studied as
part of a worldwide revision of a genus. However,
many taxonomical groups are orphaned, with not
a single specialist anywhere in the world having
the skills to work up material from that group.
Ironically, this especially true for the mega-diverse
families of micromolluscs ("Turridae", Eulimidae,
Triphoridae, Pyrarnidellidae, Cerithiopsidae,
Galeommatoidea) .

• • • Results

••• Species composition and species richness
The islands of Vanuatu are typically separated from
other lands (New Caledonia, Fiji, the Solomon
Islands) by depths greater than 2000-4000 m.
Because these great depths are inhospitable to coastal
molluscs, it means that all coastal mollusc species
have reached Vanuatu as swimming larvae or by
rafting of some sort. This is of course also true for
New Caledonia, or Hawaii, or Easter Island, to take
just a few other examples. With surface currents of,
e.g. 0.5 knots (i.e. 0.5 nautical mile, or 0.925 kilo
meter, per hour), a planktonic larva can be passively
transported over a distance of 350 km in just two
weeks. This means that, when it comes to its marine
biota, and in contrast with terrestrial biota, Vanuatu
is not an isolated world, but shares its species with
other South Pacific island groups. In a recent review
of Indo-Pacific reef fishes for hotspots of diversity
and endemism, ichtyologist Gerald Allen, found
that the "megadiverse" countries include Indonesia,
Australia, Philippines, Papua New Guinea, Malaysia,
Japan, Taiwan, Solomon Islands, Palau, Vanuatu,
Fiji, New Caledonia, and the Federated States of
Micronesia. By contrast, the top-ranked areas based
on percentage of endemism are Easter Island, Baja
California, the Hawaiian Islands, the Galapagos
Islands, the Red Sea, Clipperton, the Marquesas, Isla
del Coco, the Mascarenes and Oman, i.e. regions
that are peripheral to the vast lndo-West Pacific
province. Endemism and richness thus carry differ
ent messages. So, even if no in-depth survey of the
marine mollusc fauna of Santo had ever been carried,
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Figure 490: An assortm ent of the micromolluscs (adult sizes 2-8 mm) that form the bulk of the diversity of molluscan tropical faunas.
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discovery of new species there is thus not likely to
result from its geographic isolation. As a matter of
fact, all the species of Conidae and Cypraeidae found
in Santo are known to also occur elsewhere.

The expedition brought together a remarkable array
of field skills and experienced collectors and, as a
result, the molluscan inventory of Santo is excep
tionally complete. It is still impossible to evalu
ate how many species were collected, but one can
guess it was in the order of 4000 species. This is a
guess based on comparing species numbers in Santo
with Koumac (New Caledonia) for two families
of gastropods, the Terebridae and the Triphoridae,
that have been segregated to species, respectively
by Yves Terryn and Paolo Albano. The respective
numbers were 38 and 174 (Koumac), vs 53 and
259 (Santo), i.e. there were 39-49% more species in
Santo. Extrapolating from the total number of spe
cies censused in Koumac (2738), this would sug
gest that we sampled 3818-4075 species in Santo,
Whatever the exact number, it is obvious that sig
nificantly more species were collected in Santo than
in Koumac. This may be because Santo is intrisi
cally biologically richer, and/or because the deeper
habitats were better sampled here, but it may also be
because the sampling was qualitatively and quantita
tively more intensive in Santo. For instance, 23238
specimens of Triphoridae were collected in Santo vs
"only" 2839 in Koumac, i.e. an 8x more intensive
effort in Santo. This suggests that the sampling was
rather considerably more saturated in Santo. '

Santo is thus undoubtedly a species-rich place, yet the
participants in the expedition were not overwhelmed
by the abundance of life in its waters. In fact:

• habitats were extremely patchy and most spe
cies were sampled only once or twice;
• as elsewhere in complex tropical ecosystems,
most species were rare or very rare.

For instance, out of a total of 588 sampling events,
only 187 (32 %) yielded triphorids, and 28 % of the
triphorid species were collected at just one (16 %)
or two (12 %) stations. Twenty-one percent of all
triphorids are represented by just one or two speci
mens, i.e. 0.3 % of the catch (77 specimens) account
for 21 % of the species. How these results apply to
the rest of the mollusc fauna is debatable, but there
is no reason to suspect that other species-rich spe
cialist families of microgastropods should have dif
ferent patterns of abundance and distribution.

••• Unusual catches, remarkable animals
Separate chapters report on molluscs in sulfide rich
environments -with the special case of sunken
wood- molluscs in mangroves, molluscs (and
crustaceans) living as commensals, associates and
parasites, and finally meiofaunal molluscs and nudi
branchs. However, unusual catches and strange
animals were by far not confined to these habi
tats and/or mollusc groups. Among the bivalves,

for instance, Santo had a remarkable diversity of
free-living galeommatoids (Fig. 489), living under
stones at low tide with their colourful mantle cov
ering their super-thin shells, and crawling on their
foot like gastropods. Among microgastropods, the
diversity of Rissoininae, Iravadiidae, Triphoridae
and Cerithiopsidae was noticeable, reflecting for
the latter two families the diversity of sponges off
Santo (Figs 490 &1 491).

Discovering new species was one of the declared
goals of the Santo 2006 expedition. New species
can be discovered as a result of exploring new or
little known geographic locations, or as a result of
sampling previously ignored or inaccessible habi
tats, but new species are also discovered in groups
that are difficult to study (e.g. because species
are very small and/or have few evident morpho
logical characters) and/or have been left aside by
other specialists (e.g. because the literature or type
material is difficult to access). The slug Pseudunela
espiritusanta Neusser &1 Schrodl, 2009, is a good
example of such habitat-driven exploration: it was
discovered on the underside of intertidal rocks
deeply embedded into coarse sand, the interstices
of which are filled with a mixture of fresh subsoil
and seawater. The cockle Frigidocardium helios ter
Poorten &1 Poutiers, 2009, was described from Santo
based on specimens dredged offshore, but it is also
known from the Philippines from specimens taken
by tangle nets, and Iotyrris devoizei and T. musi
vum Kantor, Puillandre, Olivera &1 Bouchet, 2008,
both described based on holotypes from Santo, are
also known from New Caledonia. The auger shell
Myurella iineapertata Holford &1 Terryn, 2008, is so
far known only from Santo, but can be expected to
be found elsewhere in the South and West Pacific.

••• Molecular systematics
In this age of intense re-evaluation of many branches
of the Tree of Life, access to a wide range of families,
genera and species is critical to many research proj
ects. With more than 5000 samples, the molluscan
molecular collection put together during the expe
dition is attractive to scientists worldwide. Indeed,
the Santo molluscan molecular collection has been
chosen by the Sloan Foundation as one of the flag
ship collections to be part of their MarBoL (Marine
Barcoding of Life) initiative. As tissues are sequenced
and species identified, the data are uploaded on the
freely accessible Barcode of Life Database (BOLD,
http.z/wwwboldsystems.org/), thus enhancing the
visibility of Vanuatu's marine biota to the world.

As examples of projects that have relied heavily on
the molecular samples taken during Santo 2006,
one can mention Mande Holford's molecular phy
logeny of the gastropod family Terebridae, based on
sequences obtained from 154 specimens of 64 spe
cies, of which respectively 97 and 39 were obtained
during the Santo 2006 expedition. Likewise, Sarah
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Samadi's work on the mussels living on sunken
organ ic substrates includes a significant propor
tion of specimens originating from Vanuatu . Such
works have broad evolutionary and ecological s ig
nificance beyond the Santo case study.

• • • Epilogue
A 60-p ersons marine molluscs expedition is a big
machine to set in motion , and it nev er runs en tire ly
smoo thl y. We had our share of faili ng engine s ,
p ow er outages , and bad weather, but fortu na tely
we had n o injuries or serious acciden t. Ru fin o
Pined a , Daniell e Placais , Noel Saguil, Dave Valles
and Samso n Vilvil-Fare spar ed no tim e and no
ene rgy to make sure that every one and eve ry th ing
would be at the right place at th e right time.
It takes on average nine years between th e moment
a new species (o f plant , insect , fish , mollusc , wha t
ever. ..) is colle c ted in the field and th e moment its
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des cr iption is p ublished in the scientific literature.
Despite four years ha ve passed since the Santo 2006
ex pe d itio n, we are still far from the peak of aca 
d emic studies on the specimens that were sampled
th en. The Convention on Biological Diversity has
term ed Taxonomic Impediment" the knowledge gaps
in our taxonomic system, the shortage of trained
taxonomists an d curators, and the impact these
defici en cies have on our ability to conserve , use
and shar e th e ben efits of our biological diversity".
Give n th e cu rre n t chaos in triphorid systematics ,
it mi ght take a d ecad e , or more , to actually bridge
the gap be tw een th e 259 triphorid species collected
during th e ex ped ition and named entities. However
names are essen tia l to co m m u n ica te about proper
ties and a tt r ibu tes of species , an d there is justifiable
co ncern for th e gap bet ween discovering and d ocu 
menting th e di versity o f th e world and backing this
exe rcise with so u nd nomenclature .

Figure 491: The animal of cystiscid and marginellid microgastropods have stunning colour patterns, but their shells are glassy and
colourless. The species on this figure are all 1.5-2 mm as adults .

A RAPID ASSESSMENT OF THE MARINE MOLLUSCS OF SOUTHEASTERN SANTO
Fred E. Wells

Since Octob er 1997, th e Washington , D.e. bas ed
nongovernmental organization Co nse rva tio n
International has conducted a se ries o f Marine Rapid
Assessment (Ma rine RAP) surveys of th e fauna of
coral reefs in th e Indo-West Pacific. The surveys
ha ve been cent red in the "co ral trian gle" of th e west
ern Pac ific Ocean. The goal of th e ex pe ditio ns has
been to develop information on th e biodiversity o f
three key animal groups: corals , fish , and molluscs ,
for use in assessing the importan ce of th e reefs for
conservation purposes. Surveys have occu rre d in th e
following areas: Milne Bay, Papua New Gu inea (two
surveys); Calamian Islands, Philippines ; Togean and
Banggai Islands, Sulawesi, Indonesia; and Raja Ampat
Islands, West Papua, Indonesia. Results on molluscs
are reported by Wells in a series of RAP re po rts (Milne
Bay: 1998, RAP Worlzing Papers Number 11 : 35-38 ,
and 2003 , RAP Bulletin of Biological Assessment 29;
Calam ianes Islands, Philippines: 2001 , RAP Bulletin
of Biological Assessment 17: 27 -30 ; 8 1-94; Gu lf of

Tornini : 2002: RAP Bulletin of Biological Assessment
20 ; Raja Arn pa t: 2002 , RAP Bulletin of Biological
Assessment 22 ; NW Madagascar: 2005, RAPBulletin of
Biological Assessment 3 1) . In turn , th e Conservation
International trips are based on a parallel sampling of
co ral reefs in northwest ern Australia and adj oining
are as undertaken by th e West ern Aust rali an Museum
(See Table 4 7 for a list of sites surveye d) . In 2005,
a similar survey was under taken for the National
Geographic Magazine by the New En gland Aquar ium
to assess the effects of the 26 December 2004 tsu 
nami in the area near Phuket , Thailand . While th e
Phuket region was not surveyed for molluscs in th is
manner before the tsunami, data collec ted during th e
Conserva tion International and West ern Australian
Museum surveys provided a solid basis for asses sing
th e effects of the tsunami.

As the basic building blocks of th e reef, co ra ls are
an obvious group to include in surveys of this type.
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Figure 492: Map of southern Espiritu Santo, Vanuatu,showing localities sampled during the mollusc rapid assessment survey.

Fish are also an important component because of
their ecological and economic importance in the
system. Molluscs are included for several reasons.
They dominate diversity in many marine systems,
including coral reefs. Molluscs can be used as a
surrogate for measuring the diversity of inverte
brates other than corals in the reefs. With their
high diversity, often high density, and variety of
lifestyles, molluscs are ecologically important to
trophic flows within the system. Many groups ,
such as giant clams, spider shells, trochus, pearl
oysters, cephalopods and others are economically
important. For all of these reasons, molluscs have
been included in the Western Australian Museum
and Conservation International surveys.

• • • Methods
The survey was conducted from August 7-19, 2006,
with a total of 36 sites being examined (Fig. 492).
Twenty-three sites were surveyed by scuba diving.
Collecting times ranged from 44 to 127 minutes;
eighteen of the 23 dives were between 70 and 105
minutes. Each site was examined by starting at
depths of 10-25 m and working up the reef slope .
Most of the time was spent in shallow «6 m) water,
as the greatest diversity of molluscs occurs in this
region; the shallow depth also maximized diving
time. To obtain as many species as possible, all
habitats encountered at each site were examined for
molluscs, including living coral, the upper and lower
surfaces of dead coral, shallow and deep sandy habi-

tars, and, where possible, intertidal habitats. For the
same reason, no differentiation was made between
species collected alive or as dead shells, as the dead
shells would have been living at the site . Thirteen of
the sites were sampled by intertidal collecting.

While this collecting approach allows the rapid
assessment of a variety of mollusc species, it is by
no means complete. For example, no attempt was
made to break open the corals to search for boring
species, such as Lithophaga spp. Similarly, arcid
bivalves burrowing into the corals were not thor
oughly examined. Furthermore, micro molluscs
were not sampled. However, the sampling method
is the same used for all six of the Conservation
International Marine RAP trips and surveys by the
Western Australian Museum. Therefore, the sam
pling results provide a good indication of diversity
relative to previous surveys.

Several standard shell books and field guides were
available for reference during the expedition and
were used for identification. All of the gastropods,
chitons, and cephalopods were sorted to species
and provisionally identified to genus, or in most
cases, species. All bivalves were also sorted to spe
cies, bu t not all were identified.

Detailed analyses were conducted on 199 species
that were collected at four or more sites. The pres
ence/absence of each mollusc species recorded
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at each si te was used to co ns truc t a Bray-Curtis
simil arity matr ix whic h was subjected to hie rarchi
cal agglomera tive clustering (C LUSTER) , simila rity
profiles ( the SIMPROF tes t) an d also to non-metric
mu ltidi mensio na l sca ling (MDS) ordina tion. Th e
co ns truc tio n of the SIMPROF test em ploys th e mul
tivari ate s truc ture of a spec ies data matrix to test
for the presen ce of significant gro up s truc ture in a

priori un st ru ctu red se ts of sa mp les. Th is SIMPROF
proce dure is carried out h ierarch ically, proceeding
downwards th rou gh the no des of th e dendrogram .
Gro ups of samples that can no t be distinguished
(i .e appear to have a commo n community struc
tur e) are identified in th e de ndrogram by dashed
lines. In th e curren t co ntext, the SIMPROF test
was us ed to ide ntify gro ups o f sites with common
community struc ture, whic h were then used as an
a priori factor in the labelling of the resultant MDS
ordinat ion and ANOS IM and SIMPER an alyses . The
PRIMER 6.1 statis tical package was used for cluster
analysis, ordi na tion and assoc iated tes ts.

• •• Results
A total of 572 species of molluscs were identified at least
to genus: 402 gastropo ds , 167 bivalves, one cephalo
pod , one scap hopo d and one chiton (Table 41). The
most abundant spec ies at each site were genera lly arcid
bivalves, Lithophaga spp . and Pedum spondyloidaeum,
which live in the coral and the coral dwelling gastropod
Coralliophila l1eritoides . Common species in the inter
tidal included the nerite, Nerita cos tata on rocks and
the littorinid Littorada scabra on mangroves.

The number of species collected per day declined rap
idly after the first day, when all spec ies collected wer e
collected for the first time (Tab le 42 , Fig. 493 ) . On

Table 42: New records collected every day during
the 13 days of col lecti ng at Vanuatu.

The Natural History of Santa

Ta ble 41: Taxonomi c composit ion of mollusc species identified
from sites at Santo, Vanuatu .

class Families Genera Species

Polyplacophora 1 1 1-- .
Gastropoda 56 116 402

~ . ;

Bivalvia 29 70 167
- - --

5caphopoda 1 1 1

Cephalopoda 1 1 I

Totals 88 189 I 572

the first day, 148 spec ies were collected. This declined
to 60 spe cies on the second day, but increased to 77
species on the third day. The number of new sp ecies
collec ted progressive ly decline d during the middle
of the trop . Du ring the last three days 23 , 17 and 9
new records were made, with only two stations being
sampled on the final day. Thi s indicates that even at
the end of the trip new record s were being made,
and a longer trip would have produced more spec ies.
However, the number would not ha ve been great.

Th ere were 2267 species records made at the 36 sta
tions, givi ng a mean of 63.0 ± 3.1 species per site;
the range was from 26 to 106 spec ies (Tabl e 43).
Sites wi th bo th the largest and smalles t recorded
mollu sc diversity varied geographically and with
whe ther th ey were in tertidal or subtidal stations
(Tables 44 & 45) . Th e 13 intertidal stations had a
mean of 71 .7 ± 4.5 speci es per station, compared to
the 23 dive sta tio ns, which had a mean of 58.0 ± 3.9
species per s tat ion . One of the richest areas included
the in tertidal sites on Palik ulo Bay and the mainland
o f Esp irit u Santo Island to the northwest (sta tions

Day New records

1 148
.- -- ~

2 60

3 77
- -

4 52

5 27

6 51
---- -

7 2J

8 27
- -

9 17

10 41
.. --

11 23
---

12 17

13 9

Total 572
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Figure 49 3: Number of new species collected per day during
th e mollusc rapid assessment survey conducted in Vanuatu in
August 2006.
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Table 43: Total number of mollusc species collected at each site at Santo, Vanuatu.
-

Site Type Nb. species Site Type Nb. species Site Type Nb. species

1 Intertidal 70 13 Intertidal 51 25 Dive 44
--->-- --

2 Dive 67 14 Intertidal 67 26 Dive 78
- l-----

3 Dive 54 15 Dive 57 27 Dive 62
-

4 Intertidal 73 16 Dive 65 28 Dive 76
- -- -- -

5 Dive 56 17 Intertidal 82 29 Dive 42
-- f ! -

6 Dive 41 18 Dive 26 ~ Dive 65
-

7 Intertidal 85 19 Dive 71 31 Dive 58
- - ---i l- --

8 Intertidal 85 20 Intertidal 50 32 Dive 55
- ;;.- ;-~ - -- - -

9 I Dive 10 21 Intertidal 47 33 Intertidal 90
- ~ 1- - - ~~ '- f--- --i - -

10 Intertidal 61 22 Dive 31 34 Intertidal 99
- -------; -- --i 1- -

11 Intertidal 72 23 Dive 8\ 35 Dive 30
------; t · -

12 Dive 67 24 Dive 42 36 Dive 61

Table 44: Ten sites observed to have the richest mollusc diversity among the 36 sites surveyed at Santo, Vanuatu.

Site

9

34

33

7

8

17

23

26

28

11

Location
Number

of species

106

99

90

85

85

82

81

78

76

72

Table 45: Ten sites observed to have the lowest mollusc diversity among the 36 sites surveyed at Santo, Vanuatu.

Site

18

35

22

29

24

25

21

6

20

13

Locatio n

. 434

Number
of species

26

30

31

42

42

44

47

41

50

51
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Figure 494: Dendrogram of species overlap for the 36 stations examined during the mollusc rapid assessment survey conducted in
Vanuatu in August 2006.

16, 17, 33, 34). These four stations had a mean
of 84.0 ± 7.2 species per station. In contrast, the
two stations (20 and 21) on the broad platform to
the south of Naoreure Point and station 25 off the
platform on the eastern side of Tutuba Island aver
aged only 47.0 ± 1.8 species per station. The tides
were not particularly good when stations 20 and
21 were sampled, but the area appeared to be both
restricted in terms of available habitats and there
were many people on the shoreline collecting mate
rials; it appears these sites have been thoroughly
picked over. The richest area was the four stations
(1,7,8,9) on the eastern side of Aore Island, which
had a mean of 86.5 ± 7.4 species per station. All of
these stations were sampled intertidally. Station 9
was sampled briefly in the intertidal and was then
dived; since most of the time spent collecting was
during the dive this is listed as a dive station. The
intertidal rocks were different, making this an area
for further work. It was the station with the great
est recorded diversity (106 species). The five sta
tions (5, 10, 11, 12, 22) in the Bruat Channel had a
moderate diversity of 57.4 ± 7.1 species per station.
Station 22, at the mouth of the Anduele River was
poor (31 species). This was an area of sand with
considerable organic material. The low diversity was
a real feature, but diversity was also lowered because
local people objected to the dive and it was termi
nated. Five sites to the south of Espiritu Santo Island
(13, 14 and 15) and to the west of Malo Island (23
and 24) had, in general, a disappointing diversity,

with a mean of 59.2 ± 6.6 species per station. The
exception was the reef at station 23, which had 81
species. Twelve stations (4, 6,18,19,27,28,29,30,
31, 32, 35, 36) had a mean diversity of 55.0 ± 4.8
species per station. This area was variable. Stations
in the southwest corner of the channel and most
of the stations along Aore Island (4, 6, 27, 28, 29,
30,31,32) tended to have at least small reefs in the
upper sub tidal and a higher diversity. These stations
averaged 61.4 ± 4.2 species per station. Station 35
lacked the reef and had only 30 species. It, and the
dive on the Coolidge (18), were the stations with the
lowest diversity. Station 19, adjacent to the Vanuatu
Maritime College, had both a moderate diversity
(71 species) and the most species of opisthobranchs
(10) collected at any station.

The dendrogram (Fig 494) indicates that there
were three major groupings of species. The first
group (stations 22, 29, 18, and 35) were environ
mentally similar. Stations 22 and 29 were sandy
areas at the mouth of rivers. Station 35 was not at
the mouth of a river, but was a sandy beach with a
steep sandy slope. Station 18 was the wreck of the
President Coolidge. These sites were characterized
by relatively low diversity of molluscs, dominated
by bivalves which attached to hard surfaces. The
MDS plot (Fig. 495) shows that these stations were
relatively loosely related. The middle grouping on
the dendrogram (Fig. 494) is essentially comprised
of intertidal stations. All of the stations in this
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Figure 495: MDS plot of the 36 stations examined durin g the mollusc rapid assessment survey conducted in Vanuatu in August
2006.

grou p were intertidal except s tatio n 15. Conversely,
all of the intertidal s tat ions are in the group excep t
Sta tion 13. The MDS plo t shows that these sta tions
are grouped well toge ther. The remain ing s tation s
are, with the excep tion of Station 13 , the sub tidal
s tations, which are relat ively loosely gro uped .

No t en ough is known abou t the d istr ibu tions of
many mollusc s pecies collec ted in Van ua tu area to

place th em with in a geogra ph ical con tex t. Tab le 46
shows the d istributions of 202 s pec ies , as recorded
in the lit erature. Th e vast majority (84%) of the
spec ies are wides p read Ind o-West Pacific forms; 21
spec ies (10 .5 %) are regard ed as being characteris
tic of th e Western Pacific; and 5.5 % occ ur in the
eastern Indi an Ocean and wes tern Pacific Ocean.

A number of commercially impo rtant edible mol
lus c speci es occurred wide ly at the sites surveyed,
including spid er shells (Lambis), conc hs (Strombus
tuhuanus), pearl oyst ers (Pinctada margaritifera), and

giant clams (Tridacna spp.). However, commercial
qu ant ities were never found of any speci es. The mos t
commonly found species was Tridacna squamosa.

• •• Discussion
A total of 572 species of mo lluscs were collec ted
at 36 stations during the 13 days of collect ing in
sou thern Espi ri tu Santo , Vanua tu . The species col
lected were generally widespread Indo-West Pacific
spec ies (84%) , though there was a small componen t
(11.5 %) res tricted to the Wes tern Pacific and an even
smaller (5.5%) prop ortion of spec ies which occur in
the eas tern Indi an Ocea n and wes tern Pacific. Three
mollusc assemblages were detected in the Vanu atu
stations : a grouping of in tertidal s tations , one of
subtidal stations ; and a seco nd subtida l gro up which
included stations of low d iversity. Three of the four
stations in th is group were san dy bott oms with small
cora l bombies. Th e attached moll uscs on the born
bies had a simi lar compos ition to species occu rring
on steel pla tes of the President Coo lidge.

Table 46: Geographical distributi ons of selected species recorded at Santo, Vanuatu.

Geographical Range I Number of species Percentage of species

Indo-West Pacific 170 84.0
- ---- - ~ - - - - -- -

Western Pacific Ocean 21 10.5
- - -

Eastern Indian Ocean-Western Pacific 11 5.5

Totals 202 100.0



Th e 572 spec ies collec ted in 13 days indi cates the
area has a moderate diversity of mollu scs (Table 47).
Diversity at Vanua tu was higher than Marine RAP
surveys conducted at Phuket, Tha iland and Nosy Be,
Madagascar but lower than similar work un dertaken
in two surveys of Milne Bay, Papua New Guinea, and
at the Raja Ampat Islands , Indonesia, and Calamian
Islands, Philippines. Diversity in Vanuatu was simi
lar to that recorded in th e Togean and Banggai
Islands, Indonesia. It was greater than some of the
collecting areas in Western Austra lia, bu t less than
in others. The key factor restric ting moll usc diver
sity in Vanua tu was relative ly low habitat diversity
in the study area. Th e study region was sma ller than
most of the other areas surveyed , where th ere "vas a
broad er range of habit ats available. In addition, local
peopl e collec t she lls for sale , which meant that no
large cass ids, tonni ds, etc were collected.

The NaturalHistory of Santo

The present st udy dem ons tra ted that a con
side rable amou nt of in form at ion could be col
lected cost effectively by a single person working
on m ollusks in a 13-day period. However, th e
present survey d iffered from all previous such
expeditions in that there no other groups being
examined simu ltaneo us ly. In all previous sur
veys fish and corals were also examined. Some
of th e previou s surveys also exami ned gro ups
su ch as echinode rms, crustaceans, etc. Th e addi
tional groups can be surveyed at little addi tio nal
cost, bu t co ntribute substantially to th e results
ob tained , and provide a mu ch broad er picture of
overa ll di versity in th e stu dy area . Most o f th e
previ ous s tud ies also in clude exa minations of
reef s truc tures , human fishing pressure, and ot he r
human ut ilizat ion .

Table 47: Numbers of mollusc species collected du ring previous Marine RAPsurveys und ertaken by Conservation International and
similar surveys by the Western Australian Museum.

Location Survey days Mollusc species Reference

Espiritu Santa, Vanuatu 13 572 Pr ent survey
- --

New England Aquarium Survey

Phu ket, Thailand

Cl Marine RAP Surveys

12 380 (estimate) Well 2005b

Northern Madagascar 16 525 Wells 200Sa
- --
Raja Ampat Islands 15 665 Well 2002b

Togean-Banggai Islands, Indonesia 11 541 Well 2002a
-

Calamian Group, Philippines 15 651 Wells 2001
~

~ - - ---
Milne Bay, Papua New Guinea 19 638 WII 1998

I !- -- -

Milne Bay, Papua New Guinea 11 643 Well Kin h 2003
- -

Western Australian Museum Surveys

Cocos (Keeling) Islands 20 380 on survey; Abbolll 50: Maes 1967; Wells
total known fauna of 610 species 1994

-- I -- ---- ---!
Christmas Island (Indian Ocean) 12 plus accumulated data 313 on survey; Iredale 1 rt; Wells et al. 1990;

approx. 520 total Wells Slack-Smith 2000
- ---- -

Ashmore Reef 12 433 IWell 1993; Willan 1993
- - - f
Cartier Island 7 381 Welt 1993

-- - i -- -
Hibernia Reef 6 294 Willan 1993

f
Scott/Seringapatam Reef 8 279 j Wilson 1.985; Wells & Slack-

Smith 1986

Rowley Shoals 7 260

-1
Well & lack-Smith 1986

-
Montebello Islands 19 633 Preston 1914; Wells et al. 2000

-
Muiron Islands and Exmouth Gulf 12 655 Slack-Smith Bryce 1995

.; - -
Bernier and Done Islands, Shark Bay 12 425 Sla k-Smith & Bryc 1996

- -- - I '---

Abrolhos Islands Accumulated data 492 Wells & Brvce 1997
~

Other surveys

Chagos Islands Accumulated data

.'.. 37 •

384 Shepherd 1984
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MOLLUSCS ON BIOGENIC SUBSTRATES
Anders Waren

Pieces of sunken driftwood, su lphide rich emissions
from geo logic activit ies or redu ced water circulation
like in caves or oxygen minimum zones all cons ti
tute available, chemically bound energy. Energy is
usu ally short in marine environmen ts, especia lly in
the deep -sea. This chemically bound energy is not
evenly distributed in the sea but highl y scatt ered and
often present only during a short time, from a few
weeks up to a few years. This puts spec ial require
ment on the organisms that want to use it. At first
to find it. Then to utilise it before anybody else. And
finally to disperse to a new place. Th ese are prob ably
the driving forces behind the evolu tion of an array
of different organ isms found on wh ale carcasses,
dri ftwood , cold see ps and hot vents and man y othe r
su ch temporar y concentrations of energy. Usually the
che mical ene rgy is first utilised by bacteria, whic h in
turn are consumed by graze rs or filter feeders, or
less commo nly, the bacteria are cultivated ins ide
an organism which dir ectly inges ts the bacteria. In
other cases the energy is contained in tissues that can
be used directly, like scavengers feeding on a whale
carcass, or pectinodontid limp ets chewing up a log.

Th ere is thus a continuum from scavenging sharks
that will localise many preys during their life, to
gas tropods whose larvae settle on a cepha lopod beak
that will have to last long enough for the snail to
grow up and reproduce and spread to next beak , or in
some cases to pass through more than one generation
on the same log, and bacteria that will go through
thou sands of generation also on the same log.

Th e word "biogenic" is used for the var ious sub
strat es produced by livin g organisms . When includ
ing also hot ven ts and cold see ps , anoxic wa te r
bodies and similar biotopes , th e term "ch em osyn
th et ic env ironmen ts " is oft en used , referring to th e
fact that bacteria utilizing reduced com po unds are
invol ved. It should however be noti ced that most
anim al life in chemosynthetic en vironments do not
ha rbour symbiotic bacteria.

• Santo 2006 collects yielding
biogenic substrates

• During the intertidal and shallow subtidal
wo rk , coc onu ts and pieces of wood were found
and sea rche d for molluscs .
• In th e sha llow water dredgings, biogeni c sub
s tra tes lik e plant debris , were plentiful eno ug h
to be was hed separately and exa mine d for bio
genic fauna . Also occasional coc on uts , and on
one occ asion tubes of the polychaete I-lyalinoecia
were fou nd with associat ed gast ropods .
• Deep water tra wling brought up p ieces of
wood , leaves, coconuts and othe r deb ris wh ich
was carefully searched for inhab itants .

• Traps baited with pieces of whale skeleton , differ
ent kinds of wood, turtl e carapaces , and coconuts
were set SW of Malo Island in 400-700 m depth .
• Tangle nets do not only trap beautiful she lls ,
but also driftwoo d. Fishes and gast ropods die
after being trapped and attrac t mo llusc s with
affinity for ch em osynthet ic biota.

• • • Survey of Mollusca in
chemosynthetic environments

This is a list of all mollusc families kn own from
biogenic substrates and othe r chemosyn th e tic
enviro n men ts , with comments on those we found,
to set the Santo fauna into its co n text.

••• Polyplacophora
Chiton s (Fig. 496 A) were qui te co mmon in deep
wa ter, especiall y on s turdy and large pieces of
wood but the species have not ye t been identified.

•• • Patellogastropoda (True limpet s )
• Family Acm aeidae. Species of Pectinodonta

(Fig. 496E ) were comm on on large (typically >10 cm
diameter) logs of hardwood only. They have the ability
to digest cellulose and excava te distin ct depressions,
possibly getting bett er protection as a side result.

• Family Neolepetopsidae. Th is tru e limpet fam
ily is well known from cold see ps an d ho t vents , but
has also been found on whale skele tons , off sou th
ern California. No specim ens found in Vanuatu.

••• Cocculiniformia
• Supe r family Cocculino idea includes a single

family, Coccu lin idae (Figs 498C & 499E) , with more
than 50 described spec ies. Almost all live on su nken
driftwood , but a few species have been found on
whale bone and cepha lopod beaks , also spec ies that
normally live on wo od . More than 10 spec ies were
found on sunken driftwood , coco nuts and othe r plant
debris. Cocculini formia is here used in a restricted
sense. Earlier, Lepet elloidea , Pseudococculinidae
and a few other famili es were included ; these are
now classified in the Vetigastropod a (see below).

••• Vetigastropoda
• SuperfamilyLepetelloidea ,fami lyLepetellidae.

Subfamily Lepetellinae. A couple of described gen
era and a few species. On ly kn own from tubes of
the polychaete genus Hy alinoecia (Fig. 496B). The
spec ies often occur in large nu mb ers , up to hun
dreds of sp ecim ens on a single tube. Surp risingly,
a few specim ens were found in a tub e dr edged
in ca 10 m depth , by far the most sha llow record
of th e famil y. Subfamily Choristell in ae. Species
of Choris tellinae differ from other lepetellids , in
being coiled (Fig. 500B ) . Th ey live in elasm obran ch
egg cases, empty or more rarely with a develo ping
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Figure 496: Mixed molluscs. A: A chiton of the family Leptochitonidae, 10 mm long. B: Limpets of the family Lepetellidae, genus
Lepetella (diam. 0.5-2 mm) , on an old tube of the worm Hyalin oecia . C: Shipworm, Teredinidae sp., removed from its calcareous
tube. 0 : Bathysciadiid limpets on an old cephalopod beak. Diameter of shells 2-3 mm. E: Limpets of the genus Pectinodonta,
diameter 15-20 mm, on a piece of wood . F: A xylophagaid bivalve, partly removed from its burrow (not coated by calcareous
material). G: A mussel of the genus Idas, 8 mm long.

embryo, but seem not to harm the embryo . No spe
cies were found dur ing San ta 2006.

• Family Addisoniidae, Subfamily Addisoniinae
The type gen us consis ts of limp ets (Figs 498 B &
499B) in the size range aro und 10 mm and a slightly
asym me trical shell. They live in Elasmobranch egg
cases but no species was foun d during the San to proj
ect. Subfamily Helicopeltinae. Species of Helicopelta
are known from cep halopod beaks. Th ey are highly
apo morphic, sma ll (- 2 mm) coiled she lls with a
Choristellid type radula. No spe cies were foun d dur
ing the Santa project.

• Family Bathysciadiidae. Th e fam iliy contains
species no rmally living on old cephalopo d beaks
(Figs 496D & 497A-B). They can be recognised by
the evenly coni cal shell, usually with concen trically
arra nged periostracal tufts. No species were found
during Santo 2006; they are more com mon in less
eutroph ic offshore areas .

• Family Bathyphytophilidae with a si ng le
genus , Bathyphytophilus , conta ins two nam ed spe
cies th at have been fou nd on sea-grass depo sited
in deep wa ter. Some spec ies ha ve a rem arkabl y
reduce d radula. Th e she ll is small and slender. A
sing le very sma ll cocculinifo rm (Fig. 499 D) that
may belon g here , occurred in hundreds on certain
typ es of leathery leaves which eviden tly break dow n
very slowly, in 50-200 m . Its radula also resembles
that of the Pyropeltidae and is a good exa mpl es of
the class ifica tion problems in th e cocculiniforms.

• Family Cay manaby ssiidae . At least one spe
cies of th e typ e gen us Caymanabyssia was foun d
(Fig. 498F) . Our records are much more shallow
th an th e distribution recogni sed in the literature,
from ea 120 m; previousl y deeper than 900 m .

• Family Cocculinellidae. A few specimens of what
seems to be a species of Coccu linell idae (Figs 497E-F)
were found in residues from tangle-nets , depth
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Figure 497: Some diagnostic limpet shells. A-B: Bathysciadium sp. (diameter 2.5 mm) live on old cephalopod beaks, lieing on the
seafloor after the squid has died. Living specimens of the limpet have radiating rows of tufts of periostracum. C: Neritimorph limpets
of the genus Phenacolepas (length 3-5 mm) may live in burrows in pieces of wood . 0: Slit limpets of the family Fissurellidae have
a strongly sculptured shell with a slit or a hole for the exhalant water. In th is case a young specimen of Puncturel/a, (diam. 2.5 mm
attains 20 mm) with a slit that later closes to a round hole. E-F: Species of Cocculinel/a (length of shell 1.5-2.5 mm) live on old fish
bones. (Photos A. Waren).

10-50 m. It differs from previously known species in
having a more normal cocculin id-type radula and pro
toconch while the shell and external body morphology
come very close to Cocculinella.

• Family Ost eopeltidae.Avery fewspecies known
from whale bon e. No protoconchs are known, but
the relations seem to be to the Pseudococculinoidea,
not to the Cocculinidae. No species at Santo.

• Family Pseudococculinidae. Probably 10 spe 
cies representing four genera were found. Notocrater
with what seems to be three spe cies found during
Santo 2006, can be taken as an example with typi
cal external morphology of the soft parts, proto
conch and she ll (Figs 499A-C).

• Family Pyropeltidae. This monotypic family is
assumed to be restricted to cold seeps, hot vents and
whale bone, but the radula is suspiciously similar to
the suspected Bathyphytophilid mentioned above. The
genus Pyropelta was not found during Santo 2006.

• Superfamily Seguenzioidea. A few "sk e
neimorph" genera of segu enzioids live on wood
and in hot vents (Xy loshenea, Trenchia, Ventsia) but
the number is likely to increase when more precise
information becomes available. Many specimens of

Xyloshenea (Fig. 5001) were found in depths below
500 m. Subfamil y Cataegiinae. Th e genus Cataegis
lives in cold seeps and on sunken driftwood , and
C. leucograntllatus (Fu &: Sun, 2006) was co m
mon on driftwood during Sant o 2006 (Fig. S02D) .
Subfamily Chilodontinae. Several spec ime ns of a
single species of Euchelus (Fig . SOOD) were found
on wood at two occasions.

• Superfam i ly Fissurelloidea , family
Fissurellidae. Species of Puncturella (Fig. 497D)
occu r regularly on wood and usually only a single
species in an area. The group is also kn own from
seeps and vents, but there seems to be no direct
relations betw een the species and they probably
represent local adap tation . A single species was
found regul arly on wood during Santo 200 6.

• Su pe r fam ily Scissurelloidea . Species of
Anatoma and Scissurella are regularly found on
sunken driftwood as well as in seeps and vents, but
only scatte red specimens. Onl y a cou ple of speci
mens of Anatoma, Scissurella (Fig. 496C) and one
Larochaea were found during Santo 2006.

• Superfamily Lepetodriloidea . Family
Lepetodrilidae. This family occurrs almost exclusively
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Figure 498 : Some not diagnostic limpet shells. A: Species of Pyropelta (diameter 2-4 mm) usually live in cold seeps but also on
whale skeletons and Provanna shells. They are, except when very young, extremely corroded with a terrace like corrosion pattern.
B: Speciesof Addisonia (shell diameter 10-20 mm) live in skate- and shark egg capsules. C: Speciesof Cocculinidae, here Cocculina
sp. (diameter 5 mm), seem to be restricted to sunken driftwood. D: Osteopelta spp. are known from pieces of whale bone only.
E: The genus Notocrater (diameter of shell 2-4 mm) belongs to Pseudococculinidae and are very similar to 19. F: Caymanabyssia
sp. (4 mm ; Caymanabyssiidae). Both live on Sunken driftwood. (Photos A. Waren).

in vents , more rarely in seeps, but a few specimens have
been found on sunken driftwood along the American
West Coast. Not found during Santo 2006.

• Superfamily N eomphal oidea . Th e
Neomphaloidea or Neomphalin es are best kn own
as a large radiation in hot vents . A smaller group of
somewhat uncertain position comprises the gene ra
Leptogyra, Xyleptogyra, and Leptogyropsis . Th ey
are mainly known from sunken driftwo od but
Leptogyra occurs also in seeps and ven ts. At least
two sp ecies of Leptogyra (Fig. 500F) wer e found
during Santo 2006, deeper than 500 m.

• Sup erfamily Trochoidea. family Trochidae. The
genus Pseudotalopia occurrs on sunken dr iftwood
from Japan to Vanuatu in depths between c. 250 and
750 m. Two species were found du ring Santo 2006
(Fig. 502A).

• Superfamily Turbinoidea. Family Turbinidae ,
subfamily Colloniinae: Several species of Cantrainea

(» 400 m) and Homalopoma (» som, Fig. 502B) have
been found on sunken driftwood in intermediate depths
from SO to 1000 m, Four species during Santo 2006.

• Family Skene idae. Th e family Skeneidae is
used both as a famil y for species related to the genus
Skenea and as a storage bin for spe cies of an unde
fined skenea-like appearance. Species of Skeneidae
in the former sense live in all kinds of chemos
yn thetic environments , from in tersti tially in sand,
and under rocks wi th redu ced circula tion to cold
seeps and hydr othermal vents. In tropical areas and
deep water the family is represented by the genus
Dillwynella (Fig. 500A) on su nken driftwood. At
least three sp ecies of this genus in Vanuatu .

0" Neritimorpha
• Superfamily N eritoidea, family

Phenacolepadiidae. Species of Phenacolepas live in
all kinds of redu cing environments , from sewage out-
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Figure499: Limpet bodies. A: Pseudococculinidae, uncertain genus, diameter 7 mm, from wood . Right cephalic tentacle much
larger than left one. B: Head of Addisonia sp, with an open sperm gutter behind the right cephalic tentacle. C: Notocrater
sp. (shell 2.5 mm) , from wood, in the process of expelling a spermatophore through the right, expanded, cephalic tentacle.
D: Bathyphytophilidae, uncertain genus, from submerged leaves, soft parts inside shell. Diam. of soft body 1.7 mm. Notice paired
gills in the pallial furrow. E: Cocculina sp. body removed from shell (diameter 5 mm). Notice the penis (drawn out from the right
side of the snout) and the gill which in this species is bipectinate. (Photos A. Waren).

lets and subterranean drainage canals in tidal coral
platforms , to sunken driftwood down to several hun
dred meters depth. Related genera live in hot vents .
3-4 species were found in burrows of xylophagaid
bivalves in a few hundred meters depth (Fig. 497C).

••• Caenogastropoda
• Family Provannidae. Thi s family has its main

occurrence in hot vents and cold seeps, but some
species occur also on whale carcasses and sunken
driftwood. One species of Provanna found during
Santo 2006, in 800 m depth (Figs SOl D-E).

• Superfamily Rissooidea . The subfam
ily Rissoininae has its main distribution under
rocks and in sediment intertidally to subtidally.
Specimens are frequ ently found on wood in shal
low water, also during Santo 2006 , but they never
occur in large numbers and the occurren ce is
probably acciden tal and can be blamed on the
similarity between a rock and a log. The subfam
ily Rissoinae has a small radiation in seep s, vents
and on wood in the North Atlantic (Fig . SOIF) ,
but no species are kn own from suc h environments
elsewhe re.
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Figure 500: "Skeneimorph" gastropods. A: Dillwyne/la sp., a real Skeneidae living on sunken driftwood, diameter 1.5 mm.
B: Choriste/la sp. (fam. ChoristelJidae), diameter of shell 5 mm, from skate egg capsules. C: Ponderine/la sp. (fam. Vitrinellidae),
common on sunken driftwood in Vanuatu with an unidentified tube attached. Diameter of shell 2 mm. D: Euchelus sp. (fam.
Chilodontidae), from driftwood, diameter 6 mm. E: Species of Hyalogyrina (fam. Hyalogyrinidae) often live among sulphide
bacteria in low oxygen areas around organic debris and cold seeps. This species from whalebone is 2.5 mm high. F: Leptogyra
sp. (provisionally in Melanodrymiidae) from driftwood, diameter 2 mm. H: Scissure/la sp. (fam. Scissurellidae), diameter 2.3 mm.
I: Lurifax sp. (fam. OrbitestelJidae), diameter 2.5 mm. J: Xyloskenea sp, (uncertain family in superfamily Seguenzioidea), from
sunken wood, diameter 1.8 mm. J-K:xylodiscula (fam. Xylodiscidae, diarn, 2 mm), from sunken driftwood. (Photos A. Waren).
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• Family Iravadiidae. Species of this family are
usually associated. with chemosynthetic environ
ments, from decapod burrows and under rocks, to

cold seeps and sunken wood (Fig. SOlC), intertid
ally to several thousand meters depth. A few species
were commonly associated with sunken wood from
50 m, down to several hundred meters depth.

• Family Caecidae is normally found inter
stitially in sand but two species were regularly
found on sunken driftwood in 50-150 m, during
the Santo workshop (Fig. SOlB).

• Family Elachisinidae. A very little known family.
A very strange, undescribed species (Fig. SOlG) that
may belong here was found during Santo 2006, as
well as a couple of less deviating species (Laeviphitus,
Fig. SOlD).

• Family Tornidae (-Vitrinellidae). The genus
Ponderinella (Fig. SOOC) is definitively associated with
sunken driftwoodand occurred commonlyin 200-800 m
depth. Several other species of Tomidae or Vitrinellidae
were found, but only scattered specimens or empty
shells. Although the biologyof tomids is poorly known
it seems that they frequently live under rocks or in
burrows and sulphides or bacteria from the wood may
attract larvaeoutside their normal dispersal range.

• Superfamily Cerithioidea. This very large
group must be noted for its scarcity in chemos
ynthetic environments. Scattered specimens of
Bittium-like gastropods were found in 50-150 m
depth on wood (Fig. SOlA) during the workshop,
but they may have been using the wood as any
other hard bottom. Species of Lirobittium have been
found in seep environments off California.

• SuperfamilyVanikoroidea, familyVanikoridae.
Specimens are regularly found on sunken drift
wood, but like most tornids, they are never present
in high numbers and the occurrence may be fortu
itous, perhaps aided by a need to hide in cracks and
crevices as species of Vanikoro do. Scattered speci
mens during the workshop (Fig. SOlK).

• Superfamily Buccinoidea, family Buccinidae.
Species of the genera Eosipho and Manaria are often
found on sunken driftwood, especially on large tree
trunks. The reasons for this habitat preference are not
clear; they certainly do not eat wood or bacteria; prob
ably they are general predators attracted by the large
concentrations of potential prey. The genus Eosipho
includes species from hydrothermal vents. A few spe
cies were found during the Santo workshop, especially
the large E. smithi (Schepmann, 1911) (Fig. SOlH).

• Family Columbellidae. Columbellids are reg
ularly found on shallow wood-falls, also at Santo
(Fig. SOlE), and they are known from mass occur
rences in Californian cold seeps, but it is uncertain
if they can be considered part of the wood fauna.

• Family Fusinidae (Fig. S02F) and Nassariidae
(Fig. SOlI). These two families are sometimes found
on sunken driftwood, also in fair numbers, but also
here it may be attraction to the rich animal life, per
haps .combined with deposition of egg capsules on
the wood. (Santo trap 06-10-15, AT96).

• Superfamily Muricoidea. Some tropical spe
cies of Muricidae are sometimes found on sunken
driftwood, like Orania gaslzelli (Melvill, 1891)
(Subfamily Ergalataxinae), which occurs on wood
falls in 50-150 m (Fig. SOlG). No other muricids
occurred in more than one or two specimens.

• Family Costellaridae. Several specimens of a
single species were caught in the traps (Fig. S02C).

• Superfamily Conoidea. No species seem to
be dependent on sunken wood or other biogenic
substrates, but several species are common in and
seem to be endemic to hot vents and cold seeps
(especially the genus Phymorhynchus).

••• Heterobranchia
• Superfamily Pyramidelloidea, family

Pyramidellidae. A few species have been found
on wood and in cold seeps. They may very well
be unspecific bivalve or polychaete parasites, but
at least a couple of them were found in several
specimens and so far only on wood (Fig. SOlJ).
Probably parasitic on some wood inhabitant.

• Superfamily uncertain, Family Cimidae
(Fig. SOlH). A few records are known from cold
seeps and sunken driftwood, but the family is
extremely poorly known with a few species from
more normal subtidal environments. Not found
during Santo 2006.

• Family Xylodisculidae. This family is known
from seeps and vents but is more common on
sunken driftwood, from deposits of Posidonia (sea
grass) fibers and one species from sulphide rich
bottoms under a commercial fish farm. Two species
were found at Santa (Figs SOO]-K).

• Family Orbitestellidae. The family was origi
nally described from shallow water and intertidal
environments but now a few more species are
known also from deeper bottoms. No species were
found at Santo but I have encountered a species of
Orbistestella on sunken driftwood at the Solomon
Islands and the genus Lurifax (Fig. SOOH) occurs
in hot vents and cold seeps.

• Family Hyalogyrinidae (Fig. SOOE). This fam
ily, with two genera was originally described from
sunken driftwood, but is now known also from rot
ting coco nuts, hot vents, cold seeps and caves. Found
inside decaying coco nuts during Santa 2006.

••• Bivalvia
The number of bivalve groups found during Santo
2006 is small, but personal experience from other
areas do not lead to expectations of much more.
Some other typical hard bottom taxa like pecti
noids, dimyids, and anomids are regularly found,
but those species also live on any other solid sub
strate in the same area.

• FamilyMytilidae, subfamill' Bathyrnodiolinae.
Species of Idas (= Idasola = Adipicola) live bys
sally attached on driftwood and whale bone,
especially along and in cracks. The related genus
Bathymodiolus lives at cold seeps and hot vents.
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Figure 501: Mixed gastropods. A: Bittium sp. (tam. Cerithiidae, shell 3 mm), Occurrence on wood accidental? B: Caecum sp. (tam.
Caecidae, 2 mm), common on sunken driftwood in 40-80 m. C: Nozeba sp. (tam. Iravadiidae, 2.3 mm), vey common on driftwood
in 50-500 m. D: Laeviph itus sp. (farn, Elachisinidae, 1.5 mm), a genus from biogenic substrates and hydrothermal vents. E: Provanna
sp. (fam. Provannidae, 4 mm), a genus regular but rare on sunken wood in deep water. F: Alvania sp. (Rissoidae, 2 mm), member of
a radiation of wood associated species in the North Atlantic. G: A possible member of the Elachisinidae (height 3 mm), not rare on
wood in Vanuatu. H: Cima sp. (fam . Cimidae, 1.3 mm) , a group of poorly known species mainly occurring in reducing environments.
I: Nassarius sp. (fam. Nassariidae, 6 mm) , a species of uncertain affinity to, but common on sunken wood at Santa in 50-150 m.
J: A species of fam. Pyramidellidae (1.5 mm) frequently found on sunken wood, but probably parasitic on bivalves or polychaetes
living there. K: A species of Vanikoridae, shell 2 mm), a family regularly found on sunken driftwood, but probably not dependent
on wood. (Photos A. Waren).
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Figure 502: Gastropods. A: Pseudota/opia sp. (Trochidae, 12 mm), common on wood in traps off Santo, in 500 m depth.
B: Homa/opoma aff. /aevigatum (Sowerby, 1914), (Colloniinae, 5 mm), common on wood in 50-500 m depth. C: Costellaria sp.
(Costellariidae , 12 mm). D: Cataegis /eu cogranu/atus (lam. Cataegidae), 12 mm), occurs on wood, in cold seeps and hot vents.
E: Mitrella sp. (lam. Columbellidae, 7 mm). F: Pseu do/atirus sp., (lam. Fasciolariidae, 25 mm). G: Orania gaskelli (MelviII, 1891)
(lam. Muricidae, 20 mm). The species in ligs 49 and 51-53 are common on wood off Santo, in 50-500 m, but are probably more
attracted to the local enrichment 01 animals than to the wood. H: Eosipho smithii (Schepman, 1911) (Buccinidae, 58 mm), is
proba bly one 01the largest gastropod species regularly lound on driftwood. (Photos A. Waren).



Seven species of Idas (Fig. 496G) were found in
depths between 1 and 1200 m during Santo 2006.

• Family Lucinidae. Species of Lucinidae live as
infauna and some species live mainly in reducing
sediments, and have symbiotic bacteria. At least
one species, Bretskya scapula Glover & Taylor, 2007
(Figs 503C-D) seems to be attracted to oxygen
depleted sediments in direct contact with sunken
wood. The family is known also from cold seeps
(incl the World's largest lucinid) and hot vents. The
gills of the Santo species are white from deposits of
elementary sulphur.

• Family Thyasiridae. Species of Thyasiridae
live as infauna and are often found in reducing sed
iments. Many species have symbiotic bacteria. No
species seem to be especially attracted to oxygen
depleted sediments in direct contact with sunken
wood, but some have a more general liking for
reducing environments. A couple of species were
found in blackish mud adjacent to wood during
Santo 2006 (Figs 503E-F).

• Family Vesicomyidae (or Kelliellidae). The
family Vesicomyidae includes the "giant clams" from
hot vents and cold seeps; the poorly known minute
species usually referred to as "Kelliellidae" are more
typical fornormal deep-sea environment. Interestingly
enough, one species similar to Kelliella (Figs 503
A-B), but with a hinge approaching Vesicomya was
regularly obtained from washes of highly degraded
driftwood in fairlyshallow water. The precise biotope
was not recognised. The very similar Kelliella japonica
was described from submarine caves in the Ryukyu
Islands.

• Family Mesodesmatidae. One species of
Rochefortina (Figs 503G-H) was regularly obtained
from washes of wood, but the precise habitat could
not be determined. The species was only found
when sediment was present, so it may live in sedi
ment accumulations in the wood. One species is
known from submarine caves of this otherwise
poorly known genus.

• Superfamily Pholadoidea. Family Pholadidae:
One species, Martesiasp., in shallow water wood and
coconuts. Family Teredinidae (Fig. 496C): More
than 15 species. Family Xylophagaidae (Figs 496F &
503I-J):At least 10species, all seemingly undescribed.
A small oddity: Some species of Xylophagaidae have
a mesoplax, a small shell element in connection with
the hinge, that may be mistaken for a strange limpet
(Figs 503I-J).

•• • Concluding remarks
New taxa. It is still too early to try to estimate species
numbers and percentage of undescribed taxa, espe
cially among the cocculiniforms which are poor in
characters for recognising species and higher taxa.

Diversity. The diversity on sunken driftwood is
usually not very high; usually up to maximum of
some 10 species was found on a large log. Higher
number have been seen in the Solomon Islands

The Natural History of Santo

and the Philippines (c. 30 species, unpublished).
However, the numbers of individuals may be very
high, especially on logs with external and internal
galleries of burrows and cracks and crevices in
the wood. Also the bark may form a slightly dif
ferent environment since it seems that it becomes
more rapidly colonised than nearby areas of naked
wood.

Taxa absent from wood. The most conspicuous
absentee among the gastropods is the Cephalaspidea,
a group which is very common on and in soft bot
toms. No such species has been noticed. They are,
however, usually soft bottom infauna, and since they
are active predators, they may be discouraged by
low oxygen sediments. No species of the Conoidea,
the largest of all mollusc superfamilies, is even
suspected to be associated with sunken driftwood,
although several seem to be endemic to hot vents
and cold seeps. Could it be that wood and other
biogenic substrates are too ephemeral for them?

Size and type of substrate. The gastropods associated
with chemosynthetic environments are usually not
very specific in their choice. It seems that they can
inhabit most species of wood, as long as the wood
not is especially soft, porous or rotten. And the wood
associated species are never found on leaves. Wood
associated species are not found on the husk of coco
nuts but occur regularly on the hard, internal shell.

Some gastropod species are mainly found on large
logs, for example the costellariids and buccinids.
A possible explanation is that they need to pass
through one reproductive cycle to get population
densities high enough to make the species recog
nizable as a wood associate. At least the species
of Manaria and Eosipho have lecithotrophic devel
opment with the young specimens hatching in a
crawling stage. Pectinodonta, on the contrary, has a
planktonic dispersal phase, but is also mainly found
on large logs; here it may be that these species really
eat the wood, not a salad of wood and bacteria.

Faunal composition. One interesting observation is
that the there is a distinct bathymetric zonation of
the families. During Santo 2006 the caenogastro
pods were common on wood in 0-500 m but have
no representatives deeper than ea 700 m, except a
single species of Ponderinella (Tornidae), a couple
of buccinids which occurred down to 1000 m,
and Provanna. Ponderinella was described from
ca 400 m depth in New South Wales, Australia.
I have observed it down to similar depth in the
Philippines and the Solomon Island. Also some
of the buccinids, e.g. Eosipho and Manaria there
occurred down to slightly more than 1000 m.

The Caenogastropods associated with sunken
wood also have latitudinal gradient. Except
the Provannidae, the sou thernmost record is
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Ponderinella from New South Wales , a t 35°S. Th e
northernmost reco rds are from so ut he rn Japan , a t
abou t 30 -35°N where so me sp ecies of Manaria and
Eosipho are likely members of this fauna, as well as
Nozeba (Irava dii dae) and Ponderinella (Torni dae) .

The pro vannids on the contrary, occu r from the
Aleutians (54° N) sou th to at least 47°5 in New
Zealand, and in depths between ea 500 and 7000 m.
This may indi cate that the provannids with suspec ted
affinity to some palaeozoic taxa have been present
on biogen ic substrates and chemosyn the tic environ-

ments for a much longer time than the other caeno
gastropods, which are of more Caeno zoic origin.

In addi tio n , thi s distribution al pa tte rn ma y be
interp ret ed as a resu lt of a general sprea ding from
sh allow wa ter to deeper in th e maximum biodi
versity area , as sugges ted by David Jabl onski and
coauthors for the deep water faun a in general. My
interpretation of the absence of most caenogas
tropod s on biogenic substrates in temperate and
boreal areas as well as th e deep sea is that th ey have
simply no t had the time to spread there ye t.

Figure 503: A-B: Kelliella sp. (Kelliellidae, 2 mm), common on driftwood at Santo. CoD: Bretskya scapula Glover & Taylor, 2007
(Lucinidae, 7 mm), common in sediment on drifwood at Santo. E-F: Species of Thyasiridae occur in sediment on and in driftwood.
The deposits on the shell are often bright brown or black and consist of iron compounds precipitated by bacterial activity.
G-H: Rochefortina sp. (Mesodesmatidae, 3 mm) was regularlyfound on driftwood offSanto.I-J: Xylophaga sp. (fam. Xylophagaidae),
mesoplax, an additional shell element, with a striking similarity to a mm-sized limpet. (Photos A. Waren).
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MARINE PARTNERSHIPS IN SANTO'S REEF ENVIRONMENTS:
PARASITES, COMMENSALS AND OTHER ORGANISMS

THAT LIVE IN CLOSE ASSOCIATION
Stefano Schiaparelli, Charles Fransen & Marco Oliverio

The Santo 2006 expedition provided an excep tiona l
opportunity to scientists for exploring and gathering
field da ta on one of the most importan t aspe cts of
marine ecology: the animal associations. In Nature,
living organisms int eract with the environment and
wi th other organisms since the beginni ng of life. The
relations hips between organisms of the same spec ies
are, with very few excep tions, not harm ful and are
largely dominated by events linked to reproduction,
as the choice of a partner, or cures of the offspring in
species with parental care or brooding.

In s tead , if we look at th e possible int eracti on
between organisms belon ging to different spec ies,
rarely we can define th ese as not harm ful. What
we immediately see is that they are all intimately
lin ked to each other within complex trophic webs ,
where a species may play the role of prey, of preda
to r, or both roles at th e same time .

Th ese rela tionships have been refined throu gh mil
lions of years of evo lu tion, both on a biochemical
base (e .g. producin g compou nds used as deterrents

Figure 504: Among the decapods, many species of shrimps,
crabs and anomurans form associat ions w ith a variety of other
organisms. Shrimps and crabs can be found on cnidarians like
stony corals, soft corals and sea anemones.
The beautifully coloured shrimps of the genus Vir live among the
tent acles of bubble corals. Vir philippinensis and Vir colemani
(here depicted on Plerogyra sinuosa), among the several
species known, are particularly well known by underwater
photographers. Durin g the Santo 2006 expedition most of
these have been collected, as well as an undescribed species.

to escape predati on or "ve no ms " used to ease
predati on ) and on a morpho-Iuu ctional one (e .g.
in crease of st reng th of sk eletal structures in preys
and, in parallel, of the capability to destroy th ese by
predators) , leading to a sort of "arms race", whe re
the two partners , p rey and predator, keeps refin
ing their recip rocal capa bilities and techniqu es to
esca pe predati on or ca tch th e prey, respe ctively.

However, besid es this kind of direct relationships ,
there are others , commonly defined" symbioses ", in
which organisms establish partnersh ips (Fig. 504)
th at do not necessaril y determine th e death of
eithe r org ani sm s, but that allow to gain food or
protect ion and , in turn, to feed and survive.

Th ese interacti on s have received comparatively less
atte n tion from an eco logical poin t o f view, as pre
dati on is commo nly recogni sed as a major factor in
shaping co mmun ity structure, both in quali ta tive
and quan titative terms. "Symbioses ", in fact, have
gene rally been co nsidered oddities or curiosities,
cert ainly not importa n t from a qu antitative point
of view. On ly very recen tly, th e ecological role of
"symbioti c" int eract ions has been re-evalu ated and
it has been evidence d as , in man y cases , they may
affect th e community structure to an extent th at is
as important as predation or phys ical disturbance.

If we think to an exa mple of sym bioses , our m ind
immediately goes to coral reef environme nts, whic h
are (co rrec tly) considered the cradle of these kinds of

Figure 505: A classic example of association in the Santo reefs: the
clown fish Amphiprion sp. and its anemone (Entacmaea sp.).
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Figure 506: The gastropod genus Colubraria includes two dozens of mostly shallow-water species which inhabit rocky
coral environments in tropical, subt ropical and temperate seas. They use their long probo scis to feed on the blood of
parrotfish es (Scaridae) and occasionally on other fishes, and live in crevices, coves. caves. wh ere fishes are expected to go
to sleep. At least three species have been observed in their parasitic habits during the Santo 2006 expedition : C. muricata
(A-C: here a specimen 98 mm long. feeding on a resting Siganus sp.), C. nitidula, and C. obscura. D: Parasitism on fish has
been reported for species of two other neogastropod families: Cancellariidae and Marginellidae. This small (4 mm long)
marginellid Hydroginella sp. has been observed on parrotfishes during their "siesta" at night in the reefs of Santo. (Photos A-C.
S. Schiaparelli; Photo D, D. Brabant).

assoc iations . In fact, from a numeri cal point of view,
most examples of "symbioses" can be found on ly in
these environmen ts, spanning from the associa tion
between stony corals and thei r symbi otic un icellu lar
algae ( the zooxan thellae of the genus Symbiocl illiwl1 ),
wh ich is the base of the whole coral reef ecosys 
tem , to the well kn ow on e betw een clown fishes
(Amphiprioll spp.) and their ane mones (Fig. 505) .

Th e term "symbiosis" has a varie ty of int erpreta
tions . It is commonly use d to define a bene ficial
association between an orga nism, th e symbiont
(usually smaller), and i ts animal or plant host
(u sua lly larger). However, in Biology, th e use of

this term has changed with time, shifting from its
original 19th century definiti on by de Bary, indicat
ing a close physical (and/o r me tabolic) association
between two organisms, regardless of any ranking
of relati ve benefits , to a modern one which restricts
its meaning only to rnu tualis tic in teractions, being
defined as the "un ion of two organisms whe reby
they mutually ben efit". From an eco logical poin t of
view, s tudy ing 'symbioses' mean s dealing with in ter
acti ons between organ isms wh ere the evalua tion of
costs/be ne fits is cruc ial to th e definition itse lf of th e
part icular partnership involved . In man y instances
-as in th e case of the hem atophagou s gastropods
(Fig. 506) - the kind of relatio ns hip is clear.
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Figure 507: Coralliophilines (Muricidae, Coralliophilinae) include approximately 200-250 species, distributed world-wide in warm
temperate and tropical oceans, from intertidal habitats down to depths of over 1000 m, always associated with anthozoans
(Alcyonacea, Gorgonacea, Antipatharia, Actiniaria, Corallimorpharia, Scleractinia, Zoantharia). Nearly 30 species have been found
at Vanuatu. A: These specimens of Coralliophila violaceo , from Station ZR12, act as parasites of the colony, yet they are predators
of each single polyp. B-C: Animal associations are important also in deep waters. The majority of coralliophilines (over 75 % on a
global scale) live deeper than 100-150 m, the lower limit for the hermatypic scleractinians, where the latter are out competed for
space by Alcyonaria, Stylasterids and Porifera. In this case (B) Coralliophila solutistoma (31.4 mm long) has been collected fixed
on its host, a deep water gorgonian at Vanuatu in 210 m (MUSORSTOM 8 stn CP 1102). A smaller (12.6-13 mm long) undescribed
coralliophiline species of deep water collected associated to a 20 mm wid e solitary Flabellum coral (C), has been named Mipus
boueheti by Oliverio (2008) . (Photo A, S. Schiaparelli; Photos B-C, M. Oliverio) .

Figure 508: A: Lysmata amboinensis are day-active hippolytid shrimps perching on prominent points in coral reefs, swaying their
bodies, and lashing their long, white antennal flagella to attract fishes. Fishes respond by changing color and show ing ritual ized,
slow movements. The shrimps hop onto the fish and start picking ectoparasites even on the gills or inside the mouth. B: The Barber
pole shrimp or Stenopus hispidus (here depicted), of the infraorder Stenopodidea, can be observed in the neighbourhood of large
predatory fishes like Moray eels. It removes dead tissue, algae and parasites even from larger fishes.
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Unlu ckily for our need to reduce the astonishing
diversity of living forms and interactions into an
understandable framework, these associa tions fre
quent ly shift from positive , to neut ral, to negative,
depending on the environmental and community
cont ext. Moreover, these partnerships may be tempo
rary, unilateral (when adaptation by the "symbiont "
side does not implies a counter-adaptation in the
host) , or easily shift from not harmful to paras itic
ones, mak ing their definition a hard (and sometimes
impossi ble) task. This holds particularly true for those
associa tions occurring in deeper waters (Fig. 507).

The dem onstrati on that the "symbion t" gains a
benefi t by in terac ting with an other species is no t
always easy to dem onstra te. It relies on the empiri
cal pred icti on tha t the former sho uld have a high er
fitness in doin g this , rela tive to the opposite situa
tions, and this kind of studies necessitates a rigor
ous statis tical approach . "Classics" of this type are
the cases of clean er fish es and of clean er shr imps
(Fig. 508) , amo ng the best examples of mu tua listic
int eracti ons in reef envi ronments.

However, there is a growing body of evidence tha t
host-media ted adaptations in the sea may drive

Figure 509: A remarkable radiation of wentl etrap snails
(Epitoniidae) associated with mushroom corals (Fungiidae)
has been recently discovered in the Indo-West Pacific. Nine
species of this parasitic group have been found during the
Santo 2006 expedition. One of these was Epifungium twiloe ,
here pictured with clusters of eggsunderneath the fungiid coral
Herpolito limox.

the behaviour of even sing le populat ion s of sm all
invert ebrates that interact with their larger plant or
animal hosts , suggesting as these local int eracti ons
ma y play a fundam ental ro le in different iation,
perhaps dri vin g speciat ion. In some cases (e.g. the
coralliop hiline genus Leptoconclms and the wentle
trap snail s Epitoniidae stu died by A. Gittenberger

Figure 510: The Eulimidae are a large family of gastropods that parasitize echinoderms, wit h genera specifically adapted to feed
on Asteroidea, Ophiuroid ea, Echinoidea, Holoturoidea and Crinoidea. Feeding is performed by penetrating the host skin with a
proboscis and sucking body fluids from internal cavities. In this case, the eulim id Porvioris sp. is clearly visible on the top of the
sea star arm on the left of the picture (arrow, highlighted in B). This external (epizoic) parasite has the proboscis inserted in the
echinoderm body and is feeding on its body fluids. As the sea star is a burrowing species, this small parasite has probably to spend
part of the day below the sediment surface, according to the sea star feeding behaviour. (Photos S. Schiaparelli) .



of Natu ralis , Leiden ) , un expected radiations have
been discovered in groups involved in asso ciations
(Fig. 509 ) .

Another way to define partnerships between two
sp ecies , decoupled from the qu antification of rela
tive cos ts and benefits , is th e top ological descrip
tion ofthe position of th e "symbiont" relative to the
host. In this case , a series of descriptive terms su ch
as epizoism , endcecism, inquilinism and ph ores y
can be adopt ed to indicat e -respectively- those
asso ciations where one organism gains protec
tion by livin g on (Fig. 510), in (Figs 511 & 512),
together with (Fig. 513), or being transported
by another on e. All these terms are sometimes
encompassed by the word "aegism". Instead, if
the "symbiont" lives within th e cytoplasm of its
multicellular partner, as in the case of lichens or

the st on y cora l with zooxanthellae, it is used th e
wo rd "endosymbiosis" .

In mul tipl e assoc ia tions (Figs 514 & 515) , part
nerships invol ve more that two sp ecies. In fact ,
cas es of a ho st harbouring more than on e symbi 
on t are not ra re, espec ially if the host is large an d
has a th ree dimensional shape (as gorgoni an s,
corals, ane mone s and sponges) which pr ovid es
she lter an d refu ge.

One of th e m ost striking phenomena implied
in many associa tions is the use of particular
colou ra tio n by th e participants. The need for
camou flage requires that the guest species mim
ics th e co lo ur (a nd ofte n the shape) of the host
orga nis m , some times with spectacularly cry ptic
resul ts (Figs 516-5 19) .

Figure 511: A: In other cases, as th is one, the mollusc shell becomes completely embedd ed in the host skin and hardly visible from
the outsid e (arrow) . B: An 'unusual' hole in the skin of the holothuroid Bohadschia argus reveals the presence of the endoecious
parasite: the eulim id Prostilifer subpellucida . C: Once part of the skin has been dissected, it is possible to observe a couple of
eulimids , a male (the small one on the right) and a female . (Photos S. Schiaparelli) .
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In so me cases, ana logo usly to wha t is bett er known
in bu tterflies, or in nudibranchs, th e coloration is
qu ite pro bably aposematic, bear ing a message of
toxic ity or disgusting tas te for predators (Figs 520
521) .

Scien tists interest ed in animal assoc iations have
derived from the part icipati on in the San to 2006
expedi tion and from the firs t study of the collec ted
data and samples , a rein forced convict ion that in
the next years, the accumulation of data on these
marine partnerships , will shed new lig ht on the
fun ctioning of such hig hly diverse ecosys tems .

Figure 512: Within muricids only a few coralliophiline groups have exploited endoecious life styles. Among these, the genus Rapa
makes galls in the tissues of the soft corals Sarcophyton and Lobophyton. A-C: As all Coralliophilina e, Rapa rapa (here a group
infesting a colony of Lobophyton ) is a protandric hermaphrod ite. The small white snail pointed by the arrow (C) is the dwarf male
that lives in the same gall w ith the large female. (Photos S. Schiaparelli) .

• 454
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Figure 513: This galathe id crab, Allogalathea elegans, is perfectly camoufla ged and live on vagile crinoid echinoderms: a typical
case of phoresy.

Figure 514: Ovulida e, or egg-cowries, is a fam ily of specialised browsing carnivorous molluscs that feed on polyps and tissues of
Anth ozoa, especially soft corals and sea fans. This species, Phenacovolva rosea, is here part of a multiple association centred aroun d
a large host, a gorgonian of the family Plexauridae. This octocoral is fully covered by minute brittle stars, whose arms also embra ce
the mollusc. The small ophiuro ids are "kleptocom men sals" (they steal food part icles that becom e ent rapped by the octo coral
mucous) of the gorgon ian. Small shrimps (not visible at thi s magnificati on) have also been collect ed from th is gorgon ian.

Figure 515: Hermit crabs use empty gastropod shells for protection. Often they actively attach sea anemones on the shell to enhance
protection, benefiting from their presence and probably supporting (by food residuals escaping manipulat ion) the anemone by food.
Deep sea dredging at Vanuatu recovered specimens of the carrier shell Xenophora pallidula, wi th hormath iid sea anemones attached
on the shell and several coralliophiline gastropods (16-17 mm long) parasitizing the sea anemones in a curious and unusual "chain of
associat ions", Vanuatu [MUSORSTOM 8: stn CP 1087]. The undescribed coralliophi line species has been named Coralliophila xenophila, a
combination of the words Xenophora and Coralliophila; also, the Latin adjective xenophilus, -a, -um, means friend of the st ranger. Hence,
"living on somethin g strange, foreign" refers to the strange association betw een the coralliophiline, the carrier shell and the hormathiid
sea-anemone. (Photos M. Oliverio).
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Figure 516: In this case, the ovulid Prosimnia piriei can be
hardly detected at the centre of the picture (A, arrow) with in
the gorgonian (Euplexaura sp.) branch network. The shape and
colour pattern of both shell (B) and mantl e, perfectly match
those of the host, probably due to phenom enon of alimentary
homo chromy. Sca le bar is 1 cm. (Photos S. Schiaparell i) .

Figure 517 : On asteroids one can often find small shrimp s
perfectly camouflaged with the colour of their host. These
often belong to the species Periclimenes soror. During the
Santo expeditio n the species has been found on various sea
stars like the cushion star Culcitanovaeguineae (A), Choriaster
granulatus (B), Linckia laevigata and the Crown-of-Thorns
Acanthaster planci. (Photos C. Fransen).

Figure 518 : In the hippolytid shrimps, few species are known to associate with cnidarians. Here Hippolyte commensalis IS

photographed on a on soh coral (Xenia sp.).
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Figure 519: Calpu rnus verrucos us is an ovulid that feed on soft corals of the genera Sarcophyton (as depicted here) and Loboph yton.
In A the mollu sc is visible at the centre of the picture (arrow), craw ling and feeding at the soft coral edge. The colour pattern of
Calp urnus verrucos us is unique (B): different ly to other ovulid species whose camouflage pattern resembles the extended polyps of
the host, in this case it is the other way round, and the texture of Sarcophyton wit h retracted polyps has been successfully imi tated.
The shell (C) has no pigmentati on. Scale bar is 1 cm. (Photos S. Schiaparelli) .

Figure 520: Few species of ovulids, as Crenavolva tigris (A)
(here depicted on a colony of Euplexa ura) , show an aposematic
coloration which should alert poten tial predato rs about the
unpalatability of the mollusc. The shell of Crena volva tigris
is monoc hromat ic (B), as in most ovulids, the aposematic
colou ration being entirely due to the mantle. Scale bar is 1 cm.
(Photos S. Schiaparelli).

Figure 521 : Periclimen es imperator is as spectacularly colou red
as peculiar is its host choice : it is known to live on various
nudibranchs as we ll as on sea cucumbers.
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SEASLUGS: THE U DERWATER JEWELS OF SANTO
Yalanda E. Camacha & Marta Pala

"Opisthobranchs are to the lJlollllslls what orchids are
to the angiosperms or butterflies to the arthropods" 
Thompson , 197 6.

Balancing on the bow of the L -S President Coolidge,
a shipw reck 38 m below th e sur face of the sea , our
minds swim with images -not of sharks or big
intimidating du gongs, but of the treasure we seek.
We search the wre ck for ju st a few minu tes when
the first jewel of th e evening lights up in the beam
of our Oashli ghts: Hypselodoris maritima, a yellow
gold sea slu g twic e the size of a preci ou s pearl
(Fig. 522 ). Called "Kala Blon g Solwat a" in Bislama,
the primary langua ge of Vanua tu, sea slu gs are some
of th e most beau tifu l gems in the wo rld's oceans.

Figure 522: Hypse/odoris maritima , one of the many colorful
opisthobranchs found in Santo.

• • • What is a sea slug?
Sea slugs su ch as Hy pselodoris maritima are fasci
na ting so ft-bodied molluscs , common ly kn own by
sc ientists as "opisthobranc hs ". Relat ed to sna ils ,
opis thobranchs are not well known am ong sh ell
co llecto rs because th ey ha ve evo lved a red uced ,
interna lized, or comple tely abse n t she ll (Fig. 523) .
Opis tho branc hs without any tra ce of a shell are
ca lle d nudibranch s , o r "n aked m olluscs" , and
they co ns titu te the vas t majority of sea slugs.

Opis thobra nc hs have received much auention ,
however, fro m amateur naturalists and underwa
ter ph ot ogr aphers d ue to th eir vivid co lou rs an d
dazzling array of sh apes and siz es. The vas t maj or
ity of opis thobranchs hav e a sp ecialized feeding
str uc tu re ca lled" radu la" . Th e ton gu e-lik e orga n is
studded with ha rd ch itinous teeth , which th e slu gs
use to ras p and scra pe the subs tra te on wh ic h th ey
feed . H owever, not all op is tho b ranchs have a
radula. Such species suck up th eir prey with a
muscul ar tube-like ex tens ion of th e digesti ve sys
tem. This method of feeding is used by Phili110p sis
spp . to rap id ly en gulf other opis tho branc hs an d

by Phyll idia spp . and Doriopsilla spp . to forage on
th e tissu es of sponges. Most opis tho branc hs are
fairl y s pecialize d in th eir cho ice of food .

Opis thobranc hs hav e sev era l club-like fea thery
str uctures tha t are thou gh t to serve as se nso ry
org ans . Called rhinophores when located on the
dorsal part of th e head , or oral tentacles wh en
present on both sid es of th e mouth , these struc
tures detect ch emical mo lecules in the water and
compo unds given off by preferred food s, helping
th e sea slugs locate their food resources. O ther
appendages that may or may not be present in dif
fere nt species serve as breath ing (gills ) and diges
tive (ce rata) organs. Gills are feathery and play a

Figure 523: A: Micromelo undatus. B: Haminoea cymba/urn .
C: Durve/odoris /emn iscata, showin g different stages of shell
reduction or complete absence of the shell.
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Figure 524: The aeolid nudibranch Flabellina rubrolineata, show ing the cephali c tentacl es and cerata.

role in respira tion. In so me groups , the gills may
also con tain branches of the digestive gland . Cerata
are club-shaped or finger-like structures arra nged
alon g each side of the dorsal surface. Th ey are pres
ent in the su borders Aeolidacea , Dendrc nota cea ,
and so me species of Arminacea. In some aeolids
(Fig. 524) , the tips of the cera ta con tain tiny cap
sules , or cnidosacs, that house dart-lik e stinging
structures called nematocysts. Th e nernatocysts are
in fact produced by an em ones and hydroids, upon

whi ch some nudibran chs feed . The sea slugs digest
the pr ey, but the nernato cysts are shuttl ed to the sea
slug's cnidosacs for use in their own defence .

Most opisthobranchs are sim ultaneously herm aph
roditic. That is, individual an imals have both male
and female reproductive organs, and partners in ter
change sp erm during copulation . ' In Santo, it is
very common to see mating pairs of Chro modoris
elisabethina and Risbecia tryoni (Fig. 525) .

Opi sthobranchs are important study animals in
different fields of biology. For example, seve ral
species of the gen us Aply sia hav e been used in
neurobiological stud ies du e to the large size of
their individual nerve cells . In addition , defensive
chemicals of opisthobranchs are being sur veyed for
pot enti al pharmaceu tical use . Th ey are also good
indicators of healthy marine environ me nts.

Figure 525: The courtship rituals. A: Chromodoris elisabethina. B: Risbecia tryoni. C: Dendrodoris tuberculosa.
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Figure 526: When disturbed, Stylocheilus striatus releases ink
as a chemical defense.

• •• How do sea slugs defend themselves?
Most opis thobranc hs sh ine lik e jewels and are a
s trikin g combination of bright co lours, s trip es, an d
eyespots. This striking appearance advertises th e
sea slug's tox icit y to pr ed ators , a defensive strategy
called aposernati c colora tion . Without a protective
shell or th e abili ty to escape quickly, opisthobranchs
have evolved ch emica l defences (Fig. 52 6) .

Man y species , however, are not toxic, but mimic th e
warning col or ation (Fig . 527) of truly to xic species
to di scourage predators from ea ting th em, a strat
egy called Bat esi an mi micry. Som etimes Batesian
mimicry ma y involve o ther org anisms as well, such
as flatworrns , sea cu cumbers , cru s taceans, or sea
sna ils. In Santo, for examp le , both th e flat worm

Figure 527: Many opisthobranchs have flamboyant colors and
patterns, which may signal their toxicity to potential predators.
The eye-catching reds and yellows of A: Hypselodoris krakatoa
and B: Hypselodoris kaname are examples of such warning
coloration ..

Pseudoceros imitatus and th e sea slug Chromodoris
geometrica mimic th e nudibran ch Phillidiella PllStll

losa, which se cre tes tox ins to ke ep away predators
(Fig. 528 ) . The purpose of thi s kind of mimicry is to
fool predators into believing that the mimic h as all
th e toxic che m ical defences of the mod el. Another
typ e of mimicry also ex ists am ong opis tho branc hs,
where a group of sim ilarly coloured species are all
toxi c. The similar coloration reinforces the message
to pr edators .

Sea slu gs have other defence s trategies as well. If
attacked, th ey ma y release a specific body part ,
su ch as cer at a or part of their mantle, that ca n read 
ily be reg en erated (auto tomy), the same way ma ny
liz ards rel ease their tails. To wa rn foes that th ey
will fight under threat , th ey may ac t aggress ive ly.

Figure 528: Examples of aposematic rmrrucrv, The flatworm
A: Pseudoceros imitatus (left) bears a striking resemblance to its
model Phyllidiella pustulosa (right). B: Chromodoris geometrica
also appears to be a mimic of P. pustulosa.



Figure 529: The sap-sucking slug Placida sp., showing a
network of ducts that branch throu ghout the body and store
chloroplasts derived from their diet. The chloroplasts, which
remain viable, synthesize food for the slug.

They may swim quickly and thrash their bodies
from side to side to flash the ir brigh t colours or
puff up their cerata perhaps to look bigger than
th ey really are . Som e sea slugs also emit light (bio
luminescen ce) from org ans located on the dorsal
surface wh en distressed, which is thought to also
be a defen ce strategy. Clearly these soft-bodied
crea tures are an ything but fragile and defen celess.

Opisthobranc hs often form associations wi th other
species of marine life. For example, some opistho
branchs have evolved symbiotic relationsh ips with
microscopi c algae called zooxan thellae. The algae are
protected from predators by living within the tissu es
of the opisthobranchs and in return offer their hosts
important sugars and nutrients that they produce via
photosyn thesis (Fig. 529). Small crustaceans called
copepods have been record ed living on the surface or
inside (Fig. 530) several species of nudibranchs .

•• • Where to find sea slugs
Are sea slugs easy to find in San to) Well , yes an d
no! You need to kn ow wha t you are look ing for,
and where to look. Many opisthobran chs are large
enough to be seen easily by even inex perienced
eyes , while others are very difficult to find because
th ey may be only a few milli metres long and spend
most of th eir lives undern eath rocks. For exa mple,
you wo n't miss the giant forms of th e Spanis h
dan cer (Hexabranchus sanguineus) or Asteronotus
hepatica (Fig. 531), both of which can be more
than 40 cm lon g. Nevertheless, you will need more
patienc e and practice to find the tin y Eubranchus
or Mexichromis spec ies (Fig. 532 ), which are abou t
th e size of a grain of rice. Ano ther reason why even
an experienced diver could miss som e species is
because th ey are nocturnal, only com ing out of
their crev ices to loo k for food at night. And while
most opisthobranch s are brightly coloure d , some
species are exceedingly difficult to see because
their body colours (and so metimes textures) are
camouflaged to resemble the substrate up on which
th ey are normally foun d (a phenom en on called
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Figure 530: Examples of parasit ic copepods on nud ibranchs.
Egg sacs on the gills of A: Chromodoris lochi and a copepod
on the surface of B: Chelidonura varians .

Figure 531 : Giant form of Asteronotus hepatica found during a
night dive in Santo.
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Figure 532 : Exampl es of ti ny nudi branchs found in Santo:
the aeolid A: Eubranchus sp. feed ing on hydroid s, and the
chrom odorid B: Mexichromis mariei.

crypt ic coloration) . Exa mp les of cryp tic sp ecies
in San to incl ude Phylla plysia sp . and Atagema sp.
(Fig. 533) .

However, if you take the time to look carefully for
opisthobranchs in the wild , you will be rewarded
wit h som e of the most beautiful biological jewels
of the wo rld's oceans. Sea slu gs can be foun d in
almost eve ry available hab itat in the ma rine environ
ment, from high up in the int erti da l zon e to more
than 3 000 m deep . A wide vari ety of these major
habi tats, as well as microhabitats, are rep resented
in Santo . Good places to look for opisthobran chs
are under rocks and pieces of dead coral. In fact,
an y su bme rged object ma y provide su fficien t she lter
from the sunlight and predators for a large number
of species. The most exciting way to find species is
to loo k inside the holes, on , in , among, an d unde r
coral ru bble. Also , sea slugs lay their eggs in de li
cate , almost artful ribbons or egg masses. If you see
either of these, look closer, as wh ere there are eggs ,
there are adults nearby. Someth ing impor tant to
rem em ber is to ret urn any rocks or coral rubb le you
move to their original positions once you've fin
ish ed your search so as to minimize distur ban ce and

maint ain the protective environmen t for all plan ts
and an ima ls in tha t microh abitat.

Calm sandy areas can also be good places to look for
some opisthobranch species, such as those in the order
Cephalaspidea, called "head shield slugs" (Fig. 534) .
These sea slugs are named after their shield-like
heads, whi ch they use to plough beneath the sur face
of the san d . Th e vast majority of head shield slugs
also possess a shell, thou gh it may be reduced an d
int erna l. Cephalaspidean slugs are usually predatory
on ot her molluscs, including opisthobran chs, wh ich
are on the surfa ce of the sand. A great number of
these species, such as Chelinodllra inornata, C. hirun
dinina, C. sandrana, C. varians, Philinopsis gardineri, P
pilsbryi, and many others can be found in sandy areas
of Sant a , between reefs or in lagoons.

Other good places to find sea slugs are in sea grass
meadows and on rock y reefs covered in algae , tuni
cares and sponges. These substra tes, including verti
cal walls, provide bo th food and she lte r for a great
variety of opis tho branchs and are therefore a good
bet for finding sea slugs - especially considering
that, as sm all animals wi th limited mobility, they
tend to rem ain as close as poss ible to their food
source. Bu t there is a catch: op istho bra nchs are as
diverse in their food preferences as they are in their
colours, shapes, and pattern s. Depending on the spe
cies, they may feed on algae, sea grass, cnidarians,
ascidians, sponges, bryozoans, worms, other mol 
luscs, fish eggs , or even small fishes . But despi te such
a range of possible prey species, each op istho branch
species is typically very selective in its food choice.
Th e more kn owledge you have abo u t the specific

Figure 533: The cryptic species.A: Phyllaplysia sp. and B:Atagema
sp. resemble the substrate on wh ich they are usually found.
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Figure 534: In calm sandy areas of Santo, th e headshield slug Chelinodura varians lays its eggs in th e fo rm of a tub e by twisti ng its
body inside the egg mass as it releases the eggs.

fooel preferen ces of certa in spec ies, the greater the
cha nces you will finel th em .

The waters of San ta includes massive, healthy coral
reefs that are beautiful to investigate. Interestingly, how
ever, these reefs do not have a great diversity of opist
hobranch species, because there is in fact relat ively
little diversity of food resources. Nevertheless, some
opist ho branch species are reef specialis ts, several of
which are commonly found in Santo. A large nu mber
of species in the family Phyllidiidae prefer live coral
reefs. Species of this family are instant ly recognizable by
their warty mantles and lack of dorsal gills. The genera
Phyllidia, Phyllidlella, Phyllidiopsis, and Retiw lidia are
also very common on reefs. Among all opisthobranchs,
Phyl1idia elegans and Chromodoris lochi are some of the
most common species in San to (Fig. 535) .

Alth ough d iving in a h arbour is no t typ ically on e's
p reference in a d ivi ng parad ise suc h as San ta ,
harbours can be very produc tive habitats for opis t
h obranchs. Besides th e m ur ky wat ers , you will fin d
a grea t var ie ty of arti ficial habitat s , such as glass
jars and plas tic Coke bo ttles - all k ind s o f human
trash . Sea s lugs, as well as th e s po nges, tu nica tes,
algae, and br yoz oan s they eat, tak e ad vantage o f
any and all such mi cr o habita ts . So me of the sp ec ies

Figure 535: Two of the most common opisthobranch species
found in Santo waters. A: Phyllidia e/egans. B: Chromodoris lochi.
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Figure 536: Tambja victoriae is usually found in the harbours of Santo.

usually found in Sautes ha rbour s include Tambja
victoriae and Tambja tentaculata (Fig. 536) .

Finally, in Santo, don 't forget to look for sea slugs
among those other arti ficial reefs deep below the
surface of the sea - those amazing wrecks like The
Coolidge !

• •• Biodiversity
With more than 3000 docume nted species world wide,
and another 3000 yet to be named and described, the
highest diversity of opisthobranch molluscs occurs in
the tropical regions, especially in the triangle formed
by Papua New Guinea , the Philippines, and Indonesia.
Of the 3 000 described species, at least 1500 are
thought to be present in the ludo-Pacific region .

On our expediti on , we found more th an 45 0
op is thobran ch species in the waters of Santa.
This number represents 30 % of the tot al sea slug
biod iversity of th e lu do-P acific. We believe that
in San ta there co uld still be hundreds o f species
waiting to be discovered . Thi s belief is based on
our diving experien ces the re: we fou nd those 450
sp ecies during six short weeks of diving in just
a small part of th e islan d of Santo. Moreover, 62
of those species we re ne w to science (Fi g. 537) .
During some dives , we surfaced with 20-30 spe
cies (and during other dives, none l) .

So if you find yourself searching for opisthobranc hs
in the waters of Santo , don't be disappoint ed if you
come up emp ty handed , so to sp eak. The un pre
dictabl e nature o f the qu est , an d abundance or
rarity of your findi ngs , makes every dive a unique
adve n ture : Th e fun is in the finding. And these
und erwater treasures are worth the journey.

Figure 537: Plakobranchus sp. is one of 62 new species to
science found durin g the Santa 2006 expedition.

Please never collect these animals, unless you are part of a scientific team. Opisthobranchs are nearly impossible to
keep in aquariums and willdie immediately without the proper food and environmental conditions. Admire them and take
a picture, but please leave them undisturbed.
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VERTEBRATE PRE-HUMAN FAUNA OF SANTO:
WHAT CAN WE EXPECT TO FIND?

••• Reptiles - Iguanidae and MehosLlc hLlS
Two ex ta n t tree iguanas ar e k nown from Fij i,
BrachylophLls Jasciatus, whi ch was introduced to
Vanuatu and Tonga, and Brachyl opus viti ensis . A
fossil of a gian t igu ana (Lapitiguana impensa) was
described from Fiji , and a large iguana (Brachy lop/ws
gibbonsi) was de scr ib ed from Tonga . Although

Joseph Antoni Alcover
spec ie s con su m pti on , bu t a lso b y su bs tan tial
modification of na tural ecosys tems through agri
cu l tu re and th e in tr odu ction of alien species.
Among the introduced sp eci es, ra ts such as the
kiore (Rattus exulans) emerge as key transformers
of natural eco syst ems , with a direct in fluen ce on
th e decline and ex tinc tion of native spec ies.

••• Amphibians - Platym antis
Amp h ibia ns are usually considered u na ble to
colo nise islands. Nevertheless , the two extan t
(Platymantis vitianLlS and P vitiensis) and on e
extinct Fijian species (P. megabotoni vu i ) show tha t
som e overseas colonisati on occurred in the past. As
Vanua tu is midway between the Solomon Islands
(the mos t pro bable so urce of the Fijia n Platy mantis)
and Fiji , the prese nce of extinct Platyman tis species
can be pred icted for the Vanua tuan fossi l reco rd . If
the occurrence of Platymantis species in the pre
human San to fau na is dem onstrated , its curren t
absenc e may be relat ed to rat introduc tion .

T he human co loniza tio n of Vanua tu was a pa rt o f
the sprea d of the Lapi ta cu lture. Recent arc haeo
logical research has grad ua lly increased the an tiq
uity of human arrival in this archip elago. Currently,
it is gene rally accep ted that th is occurred between
3300 an d 3200 BP. This date comes from analy
ses of charcoal pro vid ed by on e recent excavation
of Teou ma on Efate Is land . As da tes de term in ed
fro m charcoal may be subj ec t to th e "ol d wood"
effect, the cited date may be sligh tly modi fied in
the future, although this effect has been ex tremely
rare on tropical ocean ic islands. To date, Teouma is
th e ear lies t coll ecti ve bur ial s ite known on island s
affected by th e Lap ita spread . A simil arly old si te
has bee n excava ted on th e is lan d of Aore. This
coastal cam p site has not prod uced mu ch fauna .

Prehuman fossil veretebrates
from Santo

• • •

Thu s, the scarce in formation that can be drawn for
Sanro pre-h uman fauna can be derived only from
a few remains co lle cted by palaeontologis ts , and
from the ex tant an d ex tinct fauna of other Vanua tu
islands, or from ne ighbou ring archipelagoes like
New Caledonia, Santa Cruz, and Fiji.

Spe c ie s ex t in c t io n pa tte rns fo llowing h u m an
arr ival in Paci fic is la n ds h a ve o fte n b e en
descr ibed . These consis t of th e quick disappea r
anc e o f several na tive taxa, perh aps taking on ly
one or two h uman ge ne ra tio ns. Vertebrate sp e
cies that h umans co nsume d (seabirds, large size
rep ti les , and terres trial birds) oft en in clu ded van
ished taxa. The range of human-related spec ies
ex tinc tion and dis app earance of populati ons has
been h uge and h as been detected only through
th e foss il record . Th e impacts of hum an arriva l
on th e nativ e fau na we re no t on ly caused by

Because n o re levant fossil d epos
its have be en discovered on Esp iritu
Santo Isla n d to dat e , the vertebrate
fauna found by the earliest human set
tlers remains poorly known . Aimi ng
to di scover such fossils , th e San to
2006 expedition explored c. 25 caves
and ro ck-shelters. No pre-h uman
deposi ts were discovered during this
exped ition . Suc h dep osits , of which
the mos t relevant are pre-Holocen e,
are ex tremely elus ive in archaeologi
cal assemblages of all tropical Pacific
islands . Nevert he less, early humans
frequ ently ac ted as bio-accumula tor
agen ts of autochth on ou s vertebra te
bone remains. Thus, early archaeolog
ical sites can contain notable evide nce
of th e autochthonous fau na. During
Sep tembe r 2006 , seve ra l archaeo logi
cal sites of unknown age were discov-

ered and explored , providing on ly a few bones of
pigs , chi cken and fish . Th e local scarc ity of relevant
sites partia lly derives from karsti c processes driv en
by a h igh tecto ni c upli ft ra te and a high eros ion
ra te. Only one si te docu menting th e early human
his tory of San to has so far been discovered , n ear
Luganville. Th e rich fau nal material dating to the
firs t centuri es BC has yet to be ana lysed .



Table 48: Birds obtained at archaeological deposits from Santo
(site: Malososaba) and Malekula (site: Woplamplam, Yalu,
Navaprah, Navapule, Waprap, Woapraf, Ndavru,Wambraf, Malua
Bay Cave) after Bedford (2006) and Steadman (2006a, b).

---- -------u
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Vanuatu and Fiji share some taxa (e.g. Platymantis),
it seems highly improbable, but not impossible, that
iguanas lived on Vanuatu before human arrival. The
presence of iguanas on Fiji and Tonga results from
a dispersal event from South America, founding a
single clade. The distance between Fiji and Vanuatu
is among the greatest between tropical Pacific
archipelagoes, and colonisation of Fiji and Tonga
by American iguanas is considered a biogeographic
oddity. For these reasons, iguana presence among
Vanuatuan fossils seems highly improbable.

An archaic crocodilian clade that includes relatively
small species of several islands of Remote Oceania
fauna has been described during the last twenty
years. Mekosuchus inexpectatus from New Caledonia,
Mehosuchus kalpokasoi from Hate (Vanuatu) and
Volia athollandersoni from Viti Levu (Fiji) were
described from fossil remains and were all included
within the Mekosuchinae, a subfamily with unclear
relationships. The discovery of Mehosuchus halpoka
sOL on Efate and the evidence that Mekosuchinae
colonized different islands through over-water dis
persal suggest that Mekosuchinae may have been
present in the Santo pre-human fauna. It is likely
that a Mehosuchus species, probably M. kalpokasoi,
will be discovered in the Santo fossil deposits. If this
is indeed the case, this Mekosuchus species probably
was the top predator on Santo, with birds, small
reptiles and fish as regular components of its diet.

••• Birds
Bones of six bird species identified at the spe
cies level and a bone belonging to an unidentified
Passeriform have been collected in the prehistoric
deposit of Malososaba, a small shelter near Hokua
on the northwestern point of Santo dated to around
1000 BP). All the identified species belong to extant
birds on the island. These findings provide no rele
vant data on the pre-hurnan bird fauna but indicate
that the recorded species have long been present.

For the purposes of the present paper, it is rel
evant to consider the fossil bird fauna collected on
the neighbouring island of Malakula (Table 48).
During the last glacial era, Malakula, Santo, Aore
and Malo islands formed a single large island of
more than 8000 km-. The fauna should have been
widely distributed through this island, with only
small regional differences. Nine prehistoric sites
have been discovered on Malakula Island, from
which remains of 31 bird species have been col
lected. Among these, are a still undescribed rail
species (a large Porzana) and an Eclectus parrot,
the two fragmented bones having be tentatively
attributed to Eclectus infectus by Steadman in
2006. Eclectus infectus, the second described spe
cies of the genus, was recently described from
fossils from one Tonga archaeological deposit and
may have belonged to the San to pre-human fauna.
The distribution of the unique extant species

Island Species

Puffinus cf. govio

Megopodius loyordi
----'If

Callus gollus

CoffiroVusphmppens6
---i t

Porzono tobuensis

Porzono undescribed sp.

Porphyrio porphyrio

Heteroscelus incanus

Columbo vitiensis

Mocropygio mockinloyi
-- -

Ptilinopus cf. tonnensis

Ptilinopus greyii

Duculo pacifica

Duculo sp.

Colcophops indica
----11

Columbidoe sp.
- -- - - -----!t

Trichoglossus hoemotodus
-- ---

Chormosyno polmorum

Eclectus infectus

Cocomontis flobelliformis

Chrysococcyx lucidus

Eudynomys toitensis

Tyto alba

Collocalio esculento

Collocalio sp.

Halcyon chloris

Turdus poliocepholus

Zosterops lateralis

Zosterops flovifrons

Zosterops cf. lateralis

Aplonis sp.

Erythrura sp.

Coracino caledonica

Lologe sp.

Cerygone flovoloteralis

Pochycepholo pectoralis
--- -_.-

Rhipidura sp.

Lichmera incono

Myzomelo cardinolis
-------"I

Phylidonyris notobilis

Posseriformes undet.

Santo Malekula

*
*
*
*
*
*
*

*
*
*
*
*
*
*

*
*

*

*
*
*
*

*
*

*
*

*
*

*
*
*
*
*

*
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of this genus , Eclectus roratus, encompasses the
Moluccas , New Guin ea, the northernmost part
of Australia , and islands fro m th e Bismarck and
Solomon archipelagos. This highly pecul iar parrot
species exh ib its a reversed colour sexual di mo r
phi sm ; females are bri ght red , wh ile ma les a re
green. Th e ex tinc t E. inJectus had s ligh tly sma lle r
wings th an E. roru tus.

Th e di scovery of a flightless Porzana on Malakul a
suggests that the sa me spec ies or so me close related
taxon was also pr esent on San to . To dat e, at leas t 25
Porzana spec ies have been recorded from Remote
Oceania Islan ds . Cu rrently, on ly Porzana tabuensis
is present in the region and may be described from
fu ture San to fossil records .

The dis tribu tion an d species combina tion pattern s
emerging from studies of tro pica l Pac ific island
foss il assemblages suggest th at m ore than one
megapode species would have been present in the
San to pre-human fauna . Curren tly, only Megapodius
layardi is present on the island, and fu ture fossil
records will probably include one to three more
species that probably disappeared after human set
tlement. One can suspect that ex tinc t species we re
larger than M. layardi. It is also reason abl e to
predict that future fossil record will include two
or three species of flightless rails belonging to the
genera Gallirallus and Porzana, and ex tinc t pigeon
and parrot species or vanish ed po pulations.

••• Mammals
Except for bats , the pre-hurnan mammalian fauna of
San to lacked an y terres trial spec ies . Th e pre-h uman
bat fauna probably includ ed more species than the

The Natural History of Santa

current one , and several species of m onkey-faced
bat may be described as fossi ls are found Six sp ecies
of monkey-faced ba ts , all in de cl ine, are cu rren tly
dis tribu ted over old-growth fores ts of the Solomo n
Is lands (gen u s Pteralopex , five species) and Fiji
(gen us Mirimiri, one species ) . Some mon key-faced
ba t are supposed to inhabi t unexpl ored moun tain
fores ts of Vanuatu .

••• Vertebrates co ns ume d by prehistoric
inhab itants of San to

The zooarchaeological records : pigs may have been
int roduced in th e ea rlier ph ase of th e human se t
tlement, as we ll as th e chic ken , kiore , and probably
Rattus praetor (present at seve ra l sit es of Malekula
Islan d) . Moreover, during the earlies t sett lement
phase humans regu larly consumed fishes , turtles ,
shell fish, frui t bats and , to a lesser ex tent , wild
birds , toge the r with in troduced pigs and chi cken .
Acco rding to the limited zooarch aeological record,
consu mp tion of fruit bats , important during the
ini tia l se ttlement ph ases , declined later, although it
co ntinues . Fruit bats , formerl y a major food item,
are now a compleme n tary resource. Noteworthy
is th e tot al lack of dogs in the zooarchaeological
record from Vanua tu.

The vertebrate fauna from San to and its use by the
ear liest hu man se tt lers remains largely unknown
owing mainly to th e di fficulty of finding suitable
si tes. The few availab le data, together with the gen
eral pa tterns of spec ies distribution and extinction
in other Remo te Ocea n ia Island s, allow only the pre
di cti on of fu ture discoveri es of ne w taxa. It is hoped
tha t the very recent di scovery of an early site near
Luganville will hel p confirm these pr ed ictions.

THE PREHISTORY OF SANTO

Jean-Christophe Galipaud

• •• The first Oceanians
At present , Archaeology considers that discovery of
th e Pac ific region by Man was perfo rm ed through
two main di stinct p ro cesses . The firs t one took
pl ace during th e Pleist ocene and h ad co ncerned
th e Aus tra lian contine n t, New Guinea and the close
arch ipe lagos joined up by the past in a sing le conti
nentallandmass called Sah ul. The seco nd one began
around the fou rth millennium BP and ended wit h the
di scovery of the Pacific Island s followed by h uman
settlemen t. The firs t sea crossing from Sou th Eas t
Asia to Sahul too k place 80000 years ago, mayb e
earli er. Human pres en ce is attested 40000 yea rs
ago in New Guinea , an d 10 000 years la ter in the
Bismarck Archipelago islands , east of New Guinea .
This first settlement , which deve loped slowly, has
allowed man to reach th e Sol omon Isl an ds u p to

Guadalcanal, thank to past existing natural bridges

between islands and thank to seafaring techniques
which allowed crossing a t Sigh t. There is a s trong
correla tio n between the distribution of the Papuan
lan gu ages and this very an cient colo nisa tion .

The m ari ne ga p be tween th e San ta Cruz Islands
and the sma ller archi pe lagos of Vanua tu an d further
eas t to the Fiji Islands was onl y crossed abou t 3 200
years ago, when nautical knowle dge ena bled deep
sea navigation. Th is na tura l border in the San ta
Cru z Islands divides Near Oceania, inhabited for at
least 30000 years from Remote Oceania (Fig. 538) .

Th e di scovery of Remote Oceania archipelagos ,
as far as Samoa and Tonga,was performed by very
small mo bile groups ultimately from Southeast
Asia who appeared in the Bismarck Archipelago
island s abou t 3500 years ago and quickly spread
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toward s th e Sou th and th e East reaching Samoa
and Tonga 3 000 years ago.

Th eir presence is noti ced in the Santa Cruz Islands
and in the North of Vanu atu 3200 years ago and we
believe th at this area has been an advanced base for
th eir later movements. Th e dis tinctive pottery th ey
left , ca lled Lapita, ma rks ou t their peregrination.
The Austronesian lan gu ages are th e onl y spoke n
lang uages in Remote Oce ania and are logically asso
ciat ed with the Lapita diaspora (Fig. 539 ) .

• •• The discovery of Santo
Th e se ttle m en t of th e Vanuatu islands foll ows
the settleme n t pro cess of other Remote Ocea nia
islands . In Vanua tu , Lapita sailo rs favoured the
small offsho re cor al islands of South San ta and
No rth Malakula as well as Hate and Erromango
(Fi g. 540) . They locall y produced a very character
isti c and ric hly dec orat ed po tte ry, the Lapi ta pott ery.
Th e North Vanuatu islands offered man y resources
to these discoverers and were the melting pot where
they became acclimati sed to their new wo rld .

so me variety o f taro or yam. The animals imported
we re th e Paci fic ra t (Rawls exulans), the chi cken
(the Gallus galus do me s tic form) and maybe the
do g ( the domesti c for m of Canis lUpllS) ; the pig
(the domestic form of Sus scrofa) is abs ent from the
ver y ear ly settle men ts associa ted wi th de co ra ted
Lapi ta po tte ry, but becomes , after so me ce n tur ies,
an esse n tial part o f th e fauna in archaeo logica l si tes .
Th e large sp in y rat (Rattus praetor) is very rare in
Lapita settlements beyond the Santa Cruz.

Neve rt heless, these firs t seafarer s did not neglect
the res ources of large islands like San to w here
they se ttled aft er few cen turies . They preferred
coas tal enviro nmen ts suc h as the Shokraon site in
Luga nv ille, on e of the few well -preserved sites o f
thi s period in San to. At the beginning of our era
they left the coast to mo ve inside the island .

Fro m Man arrival , 3 200 years ago , until the 35 0 BP
first co n tac ts with th e European wo rld , th ese popu
lat ions had mocleled Santo , ada pti ng their society
to the specificities of a diversified and changing
environmen t.

These sa ilo rs , being used to marine envi ronment,
first p referre d coral island 's beaches , which o ffered
mari n e resources and have ns for ca noes . Th ey
ex plo i ted local resources , but quickly introduced
plants and ani mals for a mor e lasting inst alla tion.
Amon g transported plants were probably man y trees
with edible nuts, fruit trees including ban an a, and

• •• Sailors of the New World
Man y Lapita sit es revealing the beginning of human
coloniza tion of the islands are found in Vanua tu and
they are especially n umerous in Malo, Aore , and in
the Sou th of Santo. Dozens of sites have been located
alon g th e north and eas t coas t of Mal o and around
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Figure 539 : Lapita pottery fragment from the Makue archaeological site in Aore Island (North Vanuatu).

Figure 540 : Location of the main Lapita sites in Vanuatu. (Carte L. Billaut - IRD).
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After few cen turies , the Lapita pottery disappears
while these sailors remain and se tt le down in most
of the island s. During this founding period , they
remai n close to the sea , a doubtless indicati on of
a widely marine eco nomy and of a high mobility
At th e beginni ng of the Christian Era, most of the
sh ore si tes are deserted.
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The site of Maku e, North of Ao re , in front of
Luganville is a we ll-kept tes timo ny of the initial
populating period . Discovered r---- - - - - - - - - - - - - - - -,.-,...----....,..;:---- - -----,

then excavated be tween 200 2
and 2006 , it en ta ile d severa l
successive settl em ents , which
took place at th e very begi n
ning of th e human in s tall a
tion in the island. Th e ol dest
layers give evidence of a sea
so na l camp from sailors from
th e Bismarck Arc hi pe lago ,
2 000 km furth er north . Man y
o bs id ia n flakes , w h ic h have
been tr aced su ccessfl\ 11y to

the region of Talasea in New
Brita in a ttest of th e o rig in of
thes e fir st di scoverer s of th e
Van u a tu s hores . Th e large
amount of ma ri ne tu rt le and
shells remains , of lar ge s ize,
give evidence of the m arine
economy of th ese first Vanua tu
inhabitan ts. Th e success ive
levels of occupation (Fig. 54 1)
suggest m ore a landing p lace
that was used dur ing a period
no t exceeding a few h undreds
years , rat her than a coastal vil
lage occupied for m an y ce n
turies. Th e varying decora tive
patterns of th e Lapita pottery
in the layers also suggest multi
ple origins for these first inhab
itant s (Fig . 54 1) .

Aore . All these sites are now buried under approx i
mately one meter o f sedi me nt on uplifted terraces
that are several meters above today's seashore. Suc h
situati on is du e to up r isin g episodes th at affec ted
thes e islands dur ing th e last three millennia.
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Figure 541: The three Lapita layers of the Makue site from Aore
Island (zones one to three).

Few evid ences of this founding se ttlement were
discovered on the big island of Santo whereas all
the smaller offshore islands close to the sou th and
east Santo coast were peop led 3000 years ago . Th is
large island mu st have been neverth eless visited
and its reso urces used. For example, we find in the
Lapit a site of Mak ue , in the North of Aore , rocks
orig ina ting from Santo .

The site of Sho kraon (Fig. 542 ), in the suburbs of
Luga nville, is the onl y site known to hav e some
traces of the Lapita period in San to. The Lapi ta
pottery in the site is however very rare and the
main archaeological finding at Shokraon is a sim
ple shape undecorated po ttery, which is associated
with numerous pig remains. These remains charac
terise the period , follow ing the island discovery by
Lapita, a pe riod dur ing whic h the colonists begin
to settle down on the island .

The sailors and potters of the Lapita period had some
impact on the marine and land resources of these
islands in spite of their occasional presence. The intro
du ction of new species such as rats and pigs, certainly
had disastrous effects on this virgin environm ent .

• • • Natural environment and
anthropisation in Santo

Santo is the largest island of th e Vanua tu Arch i
pel ago and one of the mo st ancien t at th e geo
lo gical scale with Mallico lo. It is composed of a
volcanic substratum on th e West and an elevated
reef for mation in the Eas t. In the North a big ba y,
where the river Jo rdan flows , separates these two
geo logical ent ities . This singu lar geo log y influ
en ces is land morphology. The Wes t of th e island
is a high mo un taino us range where Tabwemasa na,
the highest summ it of the island , peaks at 1 700 m.
Stro ng an d s tee p s lo pes limi t access to the wes t
coas t where the coas tal plain is often non-existen t.
In th e north west of the is land , the lower and well
irriga ted Cum berland Plain offers places more con
ven ient for hu man settlement.

In the East of the island, a succession of uplifted
reef formations shows the rol e that tectonic forces

Figure 542: The Shokraon late Lapita site from Santa Island.

play in the island build up. Off th is east coast an d
off the so u th one, man y cor al islands stretch .

The cen tre of the island and the foot hills of the vol
canic massifs block clouds brought by trade winds and
are well watered supporting a tropica l rain forest while
the much drier, west coast, shelters a vegetation sca t
tered by savannahs except ed in the alluvial valleys.

Th e two largest riv ers , Apuna and Ora (o r the
Jordan) spring up in the wet centre of the island and
run in to Big Bay. During flood season, th eir rate of
flow and stream speed are so high tha t a dense sys
tem of alluv iums and plan t waste reaches a depth of
more than 800 m in the bay. All along the centur ies
these r ivers built up a wide alluvi al plain , which is
ver y fertile and convenient for agri culture bu t may
be flooded both by fresh and sea-water during trop i
cal gales .

Man settled firs t and foremost in the plain of Big
Bay and along rivers . On the West part of the
island , he preferred wetter and cool er high alti tude
places and apparently did no t occupy the west
coas t formerly (Fig. 543)

• • • The origin of island societies
About two thousa nd years ago, these first sett lers
have deserted the coas tal enviro nments of Santo
and its offshore islands , probably forced by tectonic
adjustments, which have remodelled the coasta l zone,
and in turn have destroyed archaeo logical evidences.
Traces of human occupation dated from c. 1450 BP
were d iscovered on the East calcareous terraces and
along the West of the Cumberland Peninsula. A large
exchange network covering the North of Vanuatu as
far as the Santa Cru z islands (Tikopia) took place
during the first millennium of our era and is charac
terised by a painted pottery decorated with incisions
name d" Sinapupu pottery" (Fig. 544). In Santo , this
Sinapupu pottery marks the beginning of the human
settlement inside the island.



Unt il the beg inning of the sec on d mill ennium of
our era , remains of human activity are restricted
to this pottery. Man has settled th e m ountainous
foothills and th e calcareous terraces where fertile
soil and heav y rain fall favoured agriculture. The
mobility probabl y rem ain ed important , the demog
ra phy was quite low and the extended exc hange
networks are an indicat ion of the cultural andlin
gui stic homogeneit y of these early socie ties .

Just before the year 1000 , many innovations mar k
the beginning of a new cycle, announcing modern
societies. New types of pott ery emerge on Vanuatu
islands where clay sources are numerous and abundan t
(Malakula, Santo ) and exchange networks seem to

shrin k. Small offshore Islands are widely populated and
regulate the movement of people and goods between
the main islands, especially in the North where a new
social order develop s: the graded societies.

In Santo , several po tte ry manufactur ing centres
app ear on the Wes t coas t, where clay deposits are
abundant (Figs 545 & 546). The div ersity in styles
is an indication of the diversification of gro u ps
and th e beginning of regionalism. This evo lu tio n
is link ed with increasing ev idences of settlements
and the emergence of big villages ins ide is lands
and on hillsides in front of the sea. This evolu tion
cu lm inates just pri or to the European cont ac t with
an obvious increase in demography. Sma ll offshore
islands are the residence of powerful leade rs who
have th e control over inter-island exc ha nges .

At the beginning of the second millenni um of our
era , irr igated taro garde n ing was introduced on the
well-watered islands and in less sloping pl aces. Such
inte nsive culture allows for an uninterrupted produc
tion and generates surplus available for exchanges. It
is prob abl y also a necessary innovation lin ked with
a dr ier clima te. Irrigated garden are still in us e on
th e West and North-Wes t coast (Fig. 54 7) .

Figure 543: The Wusi village located on the West coast of
Santo was funded in historical time by people inhabiting the
highlands of the Tabwema sana area.
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Figure 544 : Sinapupu pottery style (northwest Santo).

Figure 545: tradi tional pottery from the Wusi Village located on
the west of Santo.
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Figure 546 : Traditional pottery from the Olpoi Village located
on the north-west of Santo.
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Figure 547: The Hokua irrigated taro gardens in the North -West
of Santa.

During the 19 th cen tu ry, Europ eans seriou sly dis
tu rbe d this social balan ce by introducing into
th ese net works new presti gious objects , as well
as religion an d th e im ported diseases whic h led
qu ickly to th e decline of the tra ditional sys tems.

• • • Rank societies and alliance networks
Duri ng the first millenn ium of our era , inc reasing
demography, probably associated with competition
for land, induced an evolution of the social orde r and
a new hierarchy based on the merit of ch iefs eme rged
in the northern part of Vanua tu . This "Big Men" soci
ety joins in its essence that of New Gui nea Plateau .
As this system is not at first hereditary, it is the merit
of the leader that allows him to stay at the head of the
group. Th ese Big Men , or rather High Men as they
are called in Va nua tu , are in the centre of a complex
social network allowing the enti re society to live in
peace and pr osperity. The leader's merit as well as his
capacity as strategist and judge influenced the tru st of
the group and so his future as a leader. The High Men
recognize and sup port one ano ther in the view to rise
in the sys tem during solemn ceremo nies, where ritual
slaughters of pigs and present ation and exchange of
goods allow the transition to a higher ran k. It is in
fact the ability of these High Men to genera te, pro
du ce or share with their allies that enables them to
rise. Their status within the regional group reflects on
the society they con trol, and encour ages the wealth
and renown of the whole grou p.

Th e study of an th ropo logica l texts and the di stri
bu tion of some arc haeologica l st ru ctures suggest
th at at least two big systems co-existed in San to
during the per iod we are interested in (Fig . 548 ).
The mountain ous area of Cape Cumbe rla nd and
part o f th e Wes t coas t particip ated in the grade d
socie ty of th e Suqe system ; th is system co ming
from the Banks islands was cha racterized , among
others, by th e im por tance of shell curren cies in
the exchange s . On th e East coas t, in th e Sout h

of Santa as in the offsh ore islands , th e Sumbwe
sys tem was mos tly dominant entai ling th e breed
ing and the exc hange of pigs with overdevelope d
teeth. The inhabitan ts of Malo Island and of some
Southwestern villages of Santo facilitated the selec
tion of small-sized bisexu al pigs , ca lled Narave ,
whic h we re very valua ble in these exc hanges .

In ancien t si tes of Santo , th e Suque sys tem is sym
bolized by the presence of s tone-tables (Fig. 549)
on which the High Men climb during ceremo nies .
Th e geogra phica l distribution o f th ese tabl es pro 
vides an ind icat ion of the ex ten t of this sys tem:
they are un kn own on th e West coast South of Wusi
village and th ey do not eith er appear in the alluvial
plain of Big Bay bu t are p rese nt in an cient village s
o f th e cen tre of the island .

In the Sumbwe system, large-sized coral pl atforms
with sometimes several st eps , mark th e ce lebra tion
p laces of the grade -taki ng cerem onies (Fig. 550) .
Th ese platforms occ ur spec ially alon g the anc ient
seaside villages on th e Eas t and Sout h coas t of
San ta , and are often seen in offshore islan ds . The
si tua tion in the Nort h East of the island , arou nd
Ca pe Quiros and in Sakao Island is not very clear.
This part of San to is lingu ist ically dif ferent from
the Sou the rn coas t, and altho ugh th e rank system
is practised th ere as elsewhere, it is difficult to
comp are it with the Sumbwe sys tem further Sou th
due to th e lack of precise info rmation .
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Figure 548: The graded societies in Santa and the extend of
the network system during the last mi llennium. (Carte J.-c.
Galipaud - IRD).
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Figure 549: Stone table of the Suqe system. Salaea Village
located in North-West Santo.

In order to keep up and develop, these systems had
to maintain large networks of relations to facilitate
the movement of goods, but also to allow marital
exchanges and therefore insure the perpetuity of the
groups. The inhabitants of the Cumberland region
had close relations with the inhabitants of the Banks
islands and their network extended probably as far
as the Santa Cruz Islands at certain times.

East San to's inhabitants kept relation with people
of far East islands. I t is the case of Aoba, and Malo
people who exchanged pigs and pottery with the
inhabitants of the North of Malakula Island.

• • • Santo chronology in a wider context
The chronology of the human evolution in Santo
closely matches the chronology of the evolution in
the remaining islands of the Vanuatu archipelago.
The initial phase of discovery and settlement, con
fined to the coastal fringe of the islands is charac
terised by Lapita pottery. A period of integration

Figure 550: coral platforms of the Sumbwe system. Mavea
Island.

follows, characterised by plain ware pottery of differ
ent styles and an increase in settlements, which cover
all islands. Starting in the second half of the first mil
lennium of our era, during the third phase of this evo
lution, the roots of pre-European societies emerge.

The cultural representations differ from one island
to the other especially towards the last millennium
when an increase in demography triggers a heavier
reliance to land, which in turn provokes a diversifi
cation of cultural markers. This tendency, which is
Melanesian wide and not only limited to Vanuatu,
is expressed in the following figure 551.

• •• Conclusion
This rapid overview of the human evolution in
Santo and its offshore islands shows that the grad
ual rise of population led to differing social strate
gies. These strategies developed in response to
cultural and natural necessities but never were the
result of isolation. From the Lapita sea-nomads to
the potters of the late West Santo societies, move
ments of men and goods helped shape the people
to the islands. Santo, with its natural and cultural
diversity, is a good example of this process.
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Figure 551: comparative table of the cultural evolution in Vanuatu and adjacent islands. (J.-c. Galipaud).
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OVERVIEW: INTRODUCED SPECIES,
THE "GOOD", THE "WORRISOME" AND THE "BAD"

Michel Pascal, Olivier Lorvelec, Nicolas Barre,
Michel de Garine-Wichatitsky & Marc Pignal
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Figure 552: Vertebrate invasion rates in France dur ing the
Holocene period (Pascal et 01. 20 06) .

iso lated fro m con tinen ts since these event s. The
extraord inary diversity today res ult s from rad ia
tions of species from Aus tralia , New Zealand an d
the Melanes ian archipe lagos that have invaded the
islan d since it emerged .

If we co nsider New Caledonia , as an exam ple of
a Paci fic isl and closer to Vanuatu than the Old
Wo rld is, th e recen t cha nge in the in vasion ra te
is simi lar to that observed in Europe. Th e oldest
New Caledonian Lapita sites sugges t that humans

1 : 9200 / 3000 BC
2: 300 0 BC / 0
3: 0 /1 600 AD
4 : 1600/ 1BOO AD
5: 1800 / 19 14 AD
6 : 1914 / 19 45 AD
7: 1945 / 2005 AD
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One doc umen ted exam ple among several is the
inc rease of th e numbe r of vertebra te bio logica l
invasions in Fran ce during the Hol ocene period
tha t began 11 200 BP in Western Europe (Fig . 552).
From less than one species per century be twee n
11 200 BP and 400 BP, the vertebrate in vasion rate
has reac hed 135 species per century be tween 1945
a nd 2005 (Fig. 552) . Simi lar tre nds h ave bee n
re ported for Italy during th e Ho loce ne period by
Scalera in 2001 and for all Europe be tween 500 BP
an d the present accord ing to the rece nt Europea n
project DA1SIE (Delivering Alien Invasive Species
In ven tories for Europe) .

• • • Biological invasion: a process very
recently under human control

Altho ugh biol ogical invas io ns may be a natu
ral pro cess, hu mans have significa ntly int erfered
with this phenomenon at least since the Neo lit hic
period and ha ve recently generated a d ramatic
increase wo rldwide in th e n umber of bio log ica l
invasions.

It may appear strange to find a theme
spec ifically de vo ted to co mmon
and wid ely d istribu ted alie n species
in cluded in an ex ped itio n d evo ted
to bio d iversity in vent o r ies mainl y
foc used on find in g new taxa . But ,
before sum m arisin g major reason s
for thi s d ec isi on , we m us t defin e
severa l essen tia l words used in the
followin g text.

New Cal edonia , an isl and that is geogra phically
close to Vanuatu , offers a re ma rkab le and clear
exa m ple of an ex trao rdinary biodiversity pro duced
by b iol ogical invasions . Part of th e con tinent
of Gondwana tha t drifted from Aust ra lia , New
Caledonia has a geological history th at was espe
cially tumul tuous after the Cretaceous period . Total
sub mers ion duri ng the Paleocene was followed in
the Eocene by the slippage of th e small tect onic
plate ca rr ying New Ca led onia b en eath the sea
floor. Rocks of the seafloor covered the plate, parts
of which rose above the sea again du rin g Pliocen e
moun tain-building . All terres trial life disappeared
during submersion, and the island has been to tally

• • • Biological invasion: a very old process
Since life appeared some th ree b illion years BP,
b io log ica l in vasions have occu rred . Charles
Darwin in 1859 men tioned thi s ph enomen on as
one of th e processes co ntribu ting to evo lu tion .
Evid en ce of na tura l invas ion is apparen t when
one considers th e nat ive flora an d fau na consti 
tuti ng th e biodiversi ty of "true" isl ands (or oce
an ic islan ds) which have never been in contact
with continents duri ng geo logical times .

In this tex t, a species induces a bio
logical invasion when it enlarges its

init ial dis tr ibu tion area an d builds up self-sustain
ing popu lationrs) in invaded area ts) , wi th or with
ou t human assis tance. "Alloc hthonous" or "alien "
are adjectives ofte n app lied to po pulations that are
es tablished in inva ded areas . "Invasive" is an adjec
tive used for alien populations tha t are in troduced
by humans and have de trimen tal effects on biodi
vers ity an d ecosystem functions.

. ,n ti



reached the island 4000 BP Since then, humans
have occupied New Caledonia without interruption
until the European arrival with Cook in 1774.
During these last four millennia, 42 vertebrate spe
cies have invaded the island, four autonomously,
38 as the result of human activities. Only one was
introduced by Melanesians, corresponding to a rate
of 0.003 introductions per century, and 37 were
introduced during the historical period, correspond
ing to a rate of 14.8 introductions per century.

Vertebrates are large animals with a mineral
ised skeleton that may form long-lasting fossils.
Moreover, many of them are of special interest for
man. For these reasons, the level of knowledge of
vertebrates is much higher than for any other ani
mal or plant group. Thus, we can assume that inva
sion rates cited above are the best we can find that
will allow us to perceive the role humans played in
biological invasion. Nevertheless, we must bear in
mind that vertebrates constitute a very limited part
of the biological diversity in the world, and we can
imagine the total number of biological invasions if
the invasion rate estimated for vertebrates resem
bles that for other taxa.

Moreover, we must realise that, for at least the last
six thousands years, throughout the world humans
have introduced many plant and animal species
that are presently cultivated or bred. Moreover,
recent interest in pets and ornament plants has
increased the introduction rate, while the short
ened travel duration has increased the survival rate
of stowaways in planes or in ballasts cargoes and
hulls of ships. What are the consequences of these
introductions?

• •• Introducing species: the "good"
In western Eurasia, the Neolithic Revolution began
11 000 years ago in the Near East. Recent genetic
investigations have confirmed what zooarchae
ological data suggested for several domesticated
mammals. For example, goats, sheep, pigs, oxen
and cats were first domesticated in the Fertile
Crescent (Middle East). They were later introduced
from this area to Europe by human westward migra
tion. This process yielded the majority of the most
important domesticated animal and plant species
currently in Europe.

However, there may be multiple initial areas of
domestication for some species, as Larson and
coauthorshave shown for the pig. These authors
suggested that western Islands of southeast Asia
may be an independent centre of pig domestica
tion because specimens from New Guinea, Hawaii,
Vanuatu and Halmahera belonged to the same dis
tinct cluster in their genetic analysis.

In any event, for a period of several millennia, all
these introductions led to the Neolithic Revolution

The Natural History ofSanta

that drove human societies from the stage of hunt
er-gathers to that of breeders and farmers.

Though the introduction rate for domesticated spe
cies in new areas was low until 1500, it increased
afterwards with the European voyages around the
world. The majority of European cultivated plants
seem unable to colonise natural habitats; the sug
gested reason is that long-term domestication has
entailed genetic modifications preventing success
ful establishment. However, many domesticated
animals have proven able to do so. Individuals that
escaped accidentally or were deliberately released
founded feral populations in many areas. If they
are exploited appropriately, these feral popula
tions may be maintained at a level that prevents
detrimental effects to the invaded ecosystems. But
when the exploitation ceases, or the harvest rate is
too low to prevent uncontrolled outbreaks of the
populations, negative environmental effects occur.
For example, from the 16th to the 19th centuries,
sailors introduced rabbits to Australia and more
than 800 oceanic islands, aiming to escape starva
tion if wrecked. As almost all of these populations
were never controlled, they produced dramatic
and irreversible perturbations in ecosystem func
tioning. There are also many cases of feral popula
tions of goats (e.g. Galapagos Islands) or pigs (e.g.
Clipperton Island) established by human settlers
on Pacific Islands that have caused dramatic envi
ronmental disasters.

• •• Introducing species:
the "worrisome" and the "bad"

Despite the low rate that prevailed before 1500,
introductions by Palaeolithic and Neolithic pop
ulations were consequential for biodiversity.
35000 years ago, humans colonised the Bismarck
Archipelago in Near Oceania, and after 19000 BP
they introduced seven mammal species there.
Among these aliens were two rodents, the Pacific
rat (Rattus exulans) and R. praetor, the dog, and
the pig. Since these introductions, 11 bird spe
cies at least that were identified by palaeontolo
gists have disappeared and six among these 11
are currently considered extinct. The first extinc
tion occurred 14000 years ago, suggesting a direct
relationship between alien mammal introductions
and extinctions. Nevertheless, there is not enough
evidence to say that these introductions were the
only or major cause of extinction. More recently,
3500 years ago, Human began to colonise Remote
Oceania islands, and introduced the Pacific rat,
in many places, probably as a deliberate action.
This rodent together with the pig and the dog,
which were also introduced, contributed to 127
land bird species recorded extinction soon after
human arrival. Moreover, in its recent and exhaus
tive review Steadman wrote in 2006: "With more
data, I now would estimate, conservatively but still
crudely, that 559 to 1696 species of non passerine
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landbirds and 82 species of passerines have been
lost since human arrival in Oceania, excluding the
Hawaiian Islands and New Zealand."

Other parts of the world did not escape this phe
nomenon. Except for bats, two endemic shrews and
one endemic mouse, all mammals currently present
on large Mediterranean islands were introduced,
and all the other native mammals are presently
extinct. Similarly, except for bats, all the terrestrial
mammals currently present in the French West
Indies were introduced and all the native ones are
now extinct.

Of course, detrimental effects of biological inva
sions dramatically increased with the spectacular
increase of introduction rate that started one and a
half centuries ago. Moreover, recent introductions
and their consequences are better documented
than older ones. For example, the Nile perch (Lates
niloticus), introduced between 1954 and 1957 to
Lake Victoria in Africa, caused the extinction by
1970 of 200 of its 300 cichlid fish species, 99 % of
which were endemic to this lake. Such disappear
ances drastically simplified the food chain and
modified the functioning of the entire lacustrine
ecosystem via cascading effects, with major impacts
on human communities.

The previous chapter describing the consequences
of Neolithic introductions mentions only the local
disappearance or extinction of native species.
This is mainly due to the fact that it is difficult
for palaeontologists to demonstrate subtler conse
quences. Recent introductions give us the oppor
tunity to do so.

Some biological invasions have had strong eco
nomic impacts. For example, the introduction of
the potato blight and phylloxera during the nine
teenth century from North America produced the
last European peacetime famine in Ireland and a
75 % drop in wine production in France respec
tively. More recently, the economic impact of bi
ological invasions in the USA was estimated over
13 7 billion US $ per year. Unfortunately, similar
assessments have been conducted for few other
countries.

Some biological invasions have had strong impacts
on human health. One well-known case is the
European Middle Age black plague outbreaks,
which were consequences of the Yersinia pestis
bacillus introduction. This bacterium was spread
by the rat flea vector (Xenopsylla cheopis) and ship
rat reservoir (Rattus rattus), both introduced pre
viously to Europe. More recently, the tse-tse fly
that hosted the parasite of trypanosomiasis was
introduced to Principe Island at the end of the
nineteenth century. In less than twenty years, the
disease threatened the extinction of the human

population of the island. Even more recently, dur
ing the 1990s, the tiger mosquito (Aedes albopic
tus) was introduced from eastern Asia to the USA,
and then to many parts of the world by trade in
used tires. This mosquito was the vector of the
viruses responsible for dengue and chikungunya
fever. The 2005-2006 chikungunya outbreak in the
Indian Ocean affected more than half of the popu
lation of Reunion Island. The number of exam
ples could be amplified, as emergent diseases and
their vectors are currently considered as one of the
major global threats to human health.

Examples mentioned above are simple because they
involved only introduction of pathogens, vectors
or reservoirs. More sophisticated are processes that
involve eo-evolution. A mammal or a bird species
may be introduced totally or partially deprived of
its specific pathogenic parasites, bacteria or viruses.
Native parasites, bacteria or viruses of the invaded
area may infect the introduced species. The new
pairs of host and pathogens will evolve, possibly
increasing or decreasing the impacts of the disease
agents on wildlife, human or livestock species.

The above examples enlighten the potential impact
of biological invasions on biodiversity through the
disappearance or extinction of native or endemic
species. Sometimes, the impact is more drastic, dis
rupting ecosystem functioning. The example of Lake
Victoria ecosystem disruption following the Nile
perch introduction began with the extinction of many
native species. But species extinction is not necessary
to cause huge changes in ecosystems. On Christmas
Island for instance, the introduction of the crazy ant
(Anoplolepis gracilipes) followed by the introduc
tion of a sucking insect led to a large decrease in the
number of native terrestrial crabs. As these crabs play
a major role in recycling dead material produced by
the tropical rain forest that covered the island, the
entire insular ecosystem was modified.

• • • Why are insular ecosystems more
sensitive to biological invasions
than continental ones?

Most of the above examples took place on islands.
Indeed, island ecosystems appear to be more sensi
tive to biological invasions than continental ones,
although the nature of this vulnerability is still
debated. According to MacArthur and Wilson in
1967, the number of animal and plant species present
on a "true" island is lower than in a patch with the
same area on the nearest continent. Several taxa may
be totally absent from oceanic islands. For example,
many islands lack terrestrial mammals. Because of
changed selective pressures and lack of gene flow,
the endemicity ratio is higher on islands than in
continents. Insular endemic species that evolved in
the absence of continental predators, competitors
and pathogens could be particularly sensitive to the
effects of introduced continental species.
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• •• Does biological invasion
always end in disaster?

Advocates of alien species often use the
"concept"of vacant niche, saying that certain alien
species have no impact on the invaded ecosystem
because they occupy an "empty" place. This argu
ment is fallacious because the empty place concept
appears to be rigorously empty itself. Nevertheless,
and fortunately, not all biological invasions are
catastrophic. Paradoxically, such a felicitous situa
tion has an uncomfortable aspect because science
is presently unable to predict accurately which
species are likely to become invasive; nor can they
yet predict precisely the consequences of introduc
tions except when the species has been introduced
previously in a similar ecosystem. This is the main
reason why we must be cautious when planning to
introduce a species.

• • • Why a theme specifically devoted to
aliens in the Santo 2006 expedition?

Previous chapters briefly summarized what bio
logical invasions are, their dramatic and recent
increase, and their consequences, showing that
alien species may produce major perturbations
in ecosystem functioning and biodiversity. In
1989 Diamond named the phenomenon as one of
the major processes causing global biodiversity
loss. More recently in 2000, Mooney &: Hobbs
ranked it at the same level as climate change as
a cause of global change. As biodiversity was the
major goal of the Santo 2006 expedition, it seems
appropriate to address a major process interfer
ing with it.

Since the WWII, Santo has remained outside the
major trade routes that have introduced many
species elsewhere. Moreover, San to is of special
interest with two very different parts. The south
eastern portion of the island, calcareous and
more or less flat, is subjected to varying degrees
of pressure from European settlers, while the
western, volcanic and mountainous part hosts
small traditional Melanesian villages. This situ
ation offered the opportunity to combine alien
species inventories with an assessment of alien
invasion along human perturbation gradients.

• •• A brief summary of results produced
by the "Fallows & Aliens" theme of
the Santo 2006 expedition.

The staff of the "Fallows &: Aliens" theme was the
smallest staff among those for the four themes of
the Santo 2006 expedition. Among the 14 mem
bers, the areas of expertise of the 11 scientists were
restricted to vertebrates, insects (Hymenoptera
and Coleoptera), plants, and sociology and eth
nology. The following chapters will specifically
address these taxa and subjects, but some general
conclusions are possible.

The Natural History of Santo

Among the 16 alien vertebrate species recorded in
the wild (six mammals, four birds, two reptiles,
one amphibian and three fish), six belong to the
list of the 100 worst invasive alien species in the
world published by the Invasive Species Specialist
Group of the World Conservation Union. Among
those species are four mammals (the cat [Felis
silvestrisl, the pig [Sus scrofal, the house mouse
[Mus musculus] and the ship rat [Rattus rattus]) ,
one bird (the Indian myna [Acridotheres tristis]) ,
and one freshwater fish (the western mosquito fish
[Gambusia aJJinis]). Among species introduced
to Espiritu Santo belonging to other taxa that are
found on the IUCN list are two ant species (the
crazy ant [Anoplolepis gracilipes1and the little fire
ant [Wasmannia auropunctata]), two terrestrial
molluscs (the giant African snail [Achatina fulical
and the rosy wolf snail [Euglandina rosea]), and
four terrestrial plants (the mile-a-minute weed
[Mikania micranthal, the coffee bush [Leucaena
leucocephalal, the lantana [Lantana camaral and
the blady grass [lmperata cylindrica]). One other
species on this list that we did not find on Santo
but that is mentioned elsewhere in Vanuatu is
Brazilian pepper [Schinus terebinthifoliusl. In any
event, we must bear in mind the following warn
ing from editors of the IUCN list: "Species in the
list were selected to illustrate important issues for
biological invasions. Absence from the list does not
imply that a species poses a lesser threat."

We also must bear in mind that several human
activities that severely perturb native ecosystems
increase invasions of the perturbed areas, whether
or not the invaders are native. The specific case
of the liana Merremia peuata, which is considered
a highly invasive species by PIER (Pacific Island
Ecosystems at Risk), will be discussed in a subse
quent chapter.

Although Espiritu Santo Island has remained out
side major trade routes since the last World War,
at least 14 species that are known to be highly
detrimental to biodiversity when introduced are
currently present in the island's ecosystems.

Preventing introduction remains less expensive and
more effective than controlling established alien
populations. Thus, prevention must be promoted
in a global strategy to counter biological invasions.
But, in this respect, Vanuatu faces a specific chal
lenge shared with other countries: its territory
encompasses several islands, so control of domes
tic inter-island trade must be added to the classical
control of trade with foreign countries. Control of
domestic trade is of major importance in preventing
introduction of alien species previously introduced
to other islands of the country, but also to prevent
introduction of species native to one island to other
islands where this species does not occur.
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FOCUS ON SYNANTHROPIC MAMMALS

Olivier Lorvelec & Michel Pascal

"Syn an th ropic" refe rs to animal or p lan t species
associated with hum an habi ta ts . Severa l rodent
species belonging to the Muridae have bee n syna n
thropic since the Neolithic Revol u tio n tha t drove
human societies from the stage of hunter-gatherers
to that of livestock bre eders and farm ers. This doc 
ument deals with synanthropic Muridae of Esp iritu
Santo Island.

Van ua tu lacks native terres trial mam ma ls except
for bats, as is true for all archipelagoes of Remote
Ocea nia. Th erefor e, all terrestria l mammals now
present on Santa , exce pt for bats, wer e introduced
b y h umans. On islan ds of Remo te Ocea nia , so me
mammals we re introdu ced long ago when humans
colo nised th ese islan ds, and o thers were recently
int roduced by Eu rop eans. Among the Muridae , the
Pacific rat , Rattus exu lans (Fig. 553 ), was in trod uced
during th e first per iod , whi le th e s hip rat, Rattus
raitus, the Norway rat , Rattus norvegicus (Fig. 554 ),
and the dom esti c mouse, Mus musCHlus domestiCHs ,
a subspec ies of the ho use mouse , wer e in troduced
during the second one.

Few data are reported dea ling wi th roden ts on
San to. In 1928, Baker rep ort ed on ly R. ratt lls
from Vanuatu, without specifying which islan ds .
In 1975, Medway and Mars h all reco rded th ree
rodent species from Santo: R. exulans, R. rutrus
and R. norvegicus. Having record ed M. musculus
on Effate and Aneityum Island s, these authors did
not record the species on Santa.

Biogeographical and arc haeologica l data sugges t
that other rodent spec ies may be prese nt or have
been presen t on Santa . The large sp in y rat , Rattus
praetor, a New Guinea spec ies , was probably intro
du ced and is curren tly present in the Bis marck
Archipelago and in the Solomon Islan ds, two archi
pelagoes in Nea r Ocea n ia . Seve ra l remai ns from

Figure 553: Rattus exulans.

Rem ote Oceania archaeologi cal si tes have been
referred to this species, which is presently abse nt
from Remote Oceania. In Van u a tu , R. praet or
was found in three archaeological sites of Malaku la
Island and one of Efate Island, bu t was abse nt from
Erromang o Island sites. Several ques tio ns remain
abo ut the s ta tus of rodent species on Santa . Is the
R. rattus recorded on San to the true ship rat , or is
it the Orien tal house rat , Rattus tanezumi , a closely
rela ted species? Are bo th spec ies now pr esent ? Is
th e subs pec ies of M. muscu lus recorded on Santa
Mus muscu ius domes ticus or Mus musculus cas
tanellS , the Asia n h ou se mou se? Once aga in , are
both subspecies present toda y?

• •• Methods for trapping
Trap lines were se t (Fig. 555 ) by the "Fallows and
Aliens" team during Oc tobe r 2006 at four sites:

• Luganville town an d its harbours , whe re th e
main commerical ac tivity occurs ;
• Th e "Va n u a t u Ag ricu l tu ral Research an d
Technica l Center" (VARTC near Saraoutou vil
lage), where seve ral alien species of interest for
agro nomy and breeding with their associated
alien flora an d fauna were introduced more than
50 years ago;
• The "Vatth e Conservation Area" , whic h is
close to the Matantas Melanesian village;
• The Bu trnas Melanesian vi llage, which was
first connec ted by a road to Luganville few years
ago .

Each trap lin e included 20 to 30 trapping statio ns
dependi ng on the sampled habitat; distance between
two consecutive s tations was c. 10 meters. Each sta
tion included two live-t rap s: a Manufran ce© trap
targeti ng large roden ts suc h as R. rattus and R. nor
vegiCHs , and an INRA© trap aimed at smaller species
like M. musculus. Rattus exulans was caught by bo th
types of live-traps. Traps were baited with a mix ture

Figure 554: Rattus norvegicus.
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Table 49: Sampling effort (T.d.: number of trapping devices; T.n.: number of nights; T.e.: T.d. x Ln. x 2), and number of caught
rodents of each species (R.e.: Rattus exulans; R.r.: Rattus rattus; R.n.: Rattus norvegicus; M.m.: Mus musculus) according to field
identification, sites and habitats (italic: escaped; .: hand-caught).

Site I Habitat T.d. T.n. T.e. R.e.
I.

R.r. R.n. M.m.

Building - - 1I - - *1
! -

Harbour 1 20 2 80 0 11 1 0 0
Luganville

Harbour 2 10 1 20 0 1 0 1+2
- -_.- -- I~ ---

Total 0 2 0 1+3

Building 5 4 40 1 0 0 *1
" ~I - I' -

(oflet' 20 4 160 4 2 0 0
- -- -

Coconut 29 3 174 I 0 0 0-- - --"! I,
Cacao 20 4 160 j 0 0 0 0

VARTC Melanesian garden 20 4 160 1 0 0 0
... 0--

Pasture 20 3 120 4 0 0 1

I Ecotone 30 4 240 1 1 0 4, ,I I-- ---- f-

I Secondary forest 20 4 160 1+4 0 0 0

Total 1+16 3 0 6

Melanesian garden 20 3 160 1+ 6 8 0

Ecotone 20 3 160 1+2 1 10 2
Vatthe ,-

II
-------" -

Secondary forest 20 ;) 160 2 1 0 0

Total 2+7 8 18 2
I - --

Village huts 3 1 6 0 0 0 3

Melaneslan gard n 20 3 160 0 0 0 1
i, • -- f -

Butmas Ecotone 20 3 160 1+6 0 1 7
- - - - - - --- -

Secondary forest 20 3 160 1 1 1 0
I ~ ---i

Total 1+7 1 2 11

Total - - 2280 4+30 14 20 1+22

Figure 555: Setting a trap line in a Butmas Melanesian garden.

of peanut butter, oat flakes and sardine oil and were
checked daily. The number of trap-nights for each
habitat of each sampled site is listed in Table 49.
Trapped mammals were autopsied (Fig. 556), and
information about morphology (weight, corps, foot,
and tail length), reproduction (number of fcetuses,
placental scars, suckled teats, lactation, length of
seminal vesicles and larger diameter of testis) and
ectoparasites was collected. Crania and tissue sam
ples were preserved in 90° ethyl alcohol for mor
phometry and DNA analysis .

• •• The recorded species of Muridae
Among the 91 sampled rodents, two were caught
by hand and 89 were trapped, but five (the shape
and behaviour suggesting the species R. exulans
and M. musculus) escaped when extracted from
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Figure 556: Autopsies in the field laboratory in Vatthe
Conservation Area.

th e tra ps , and on e was rep resen ted o nly by its
head , all th at its co ngen ers left. Eighty-six speci
mens were preserved . According to field identifi
cation, which mus t be confirmed by cra n ial and
DNA anal ysis , th e species distribution o f th es e
86 spec imens was as foll ow : 30 R. exulans , 14
R. ratt us, 20 R. norvegicus, an d 22 M. musculus
(Table 49) .

Our sample contains on e spec ies , M. musculus, not
record ed on San to . Mice represe nted 26% of our
total rod ent sa m ple. Moreover, altho ugh present
in human se ttlemen ts as i t usua lly is , the h ouse

Figure 557: Rattus rattus.

mouse was numerous in eco tones alon g paths, an d
at Bu tmas , our mor e iso la ted and less an th ropo
genic site.

As is usual on Paci fic Isl ands , R. ex ulalls was the
most com mo n spec ies (35 %) and was pr esent a t
a ll th e in vestigat ed si tes and in th e majority o f
habitats .

Rattlls rattus (16 %, Fig. 557) was found at all si tes
and was especially abundant in the Vatthe Melanesian
garden .

More su rprising was th e abse nce of R. norvegicus
a t th e Lug an vill e harbours d espite th e trapp ing
effort in thi s habitat , whic h was cons ide red to be
favourable for th is sp ec ies . Moreover, we recorded
R. norvegicus (23 %) only at our more isolated si tes
(Vatthe and Butmas) , an d its highest abundan ce
was obs erved in th e Vatth e Melanesian gar dens
and ecotones.

Autops ies led to the conclusio n that all trapped ani
mals were in goo d health , wi th no evident pa tho l
og y. F leas that were recorded on se ven roden ts
(R. Ilorvegicus an d R. ex uinn.s) belong to th e spe 
cies Xenopsy lla vexabili s (spec ies identification by
j ean- Claude Beaucoumu) , which was introdu ced
by hu mans to almost all the Paci fic islands. This is
th e firs t mention of th is sp ecies for Vanua tu . Two
tick nymphs belonging to the species Amblyomllla
cyprinus (spec ies ide n tificatio n by Nicolas Barre)
we re co llec ted on one yo u ng R. exulans, Future
an alysis of preser ved digestive tracts will offer the
op po rtunity to assembl e a list of internal parasites
of the Santo rod ent community.

• • • Conclusions
No unexp ect ed n ew ro de n t spec ies we re found
duri ng our survey. Neverthe less , field exa mina tion
did not allow us to sepa rate R. ra ttlls from R. talle
zu mi and M. Ill . domesticus from M. Ill. castalletts.
T her efore, future ex a mina tions of th e co llec te d
sa mples may change th is con clusion . Except for
R. norvegicus, the distribution of the other species is
the class ical one repo rted for o the r Pacific Island s.

Our stay on Santo was too sho rt to allow us to iden
ti fy and assess the impacts of the alien rod en ts on
island biodiversi ty. Neve rtheless, accordi ng to the
IUCN, M. musculu s an d R. rattus belong to the lis t
of th e World's 100 wo rs t invasive alien speci es .
Moreover, the rol es tha t R. rattus, R. norvegicus and
M. rtlll SCldus play as agricu ltural pests and reservoirs
and vectors of human diseases in trop ical areas are
well documented. As an example, th ose species
play a major role in lep tospirosis , a bacterial disease
(Leptospira interrogans) of humans and cat tle . The
prevalence of this human disease in Grande Terre of
New Caledonia, an island close to Vanuatu , is 200
time s higher than in France.



FOCUS ON FERAL MAMMALS

Michel de Garine-Wichatitsky &Anthony Harry

Fer al mammals ha ve seldo m been th e focu s o f
rep orts or papers pu blish ed foll owing sc ienti fic
expeditions to trop ical islands . Apart from the bats ,
the diversity of mamm al faunas of Pacific islands is
little studied compared to othe r taxa such as birds
or invertebrates. The atte ntion of mammalogists has
often been restricted to a few rat species plus feral
populations of dom es tic ungul at es or carnivores .
It is only recently that documented studies on the
eco logy an d impac ts of feral mammals have been
carried ou t, mostl y to improve co ntro l or erad ica 
tion of these "alien invasive spec ies".

Thus, most records of terres tria l mammals made by
naturalists during scien tific expeditions con sis ted
of occasional sigh tings o f in d ivid uals (or th eir
droppings or tracks) , located at more or less remote
places. They also sometimes referred to reports by
local villager s tha t "wild" dogs (or cattle or cats
or goats) occur in places , bu t ack n ow ledged the
fact that the ex tent to which these po pulat ions are
genuinely sel f-sus taining is not clear. Thi s is a cru
cial point , as populati on s of dom esti c animals are
considered feral if they do no t depend on domesti c
po pulations for their survival and if they reprodu ce
independen tly. Thi s is an additio nal difficul ty when
one deals with feral ma mma ls, because it is often
impossible to assess the frequ ency and the relative
importance of contacts and exc hanges with domes
tic populations , including su pplemen tal feeding
provided by humans and exc hanges of mat es.

• •• Positive and negative impacts of
feral mammals in the Pacific

The pau ci ty of det ailed in forma tio n co llec ted on
feral mammals duri ng pas t scien tific expeditio ns in
the Paci fic is unfort un ate, for a least three reasons:

• The feral mamm als are widespread ;
• They ar e usu all y very important (culturall y
and nutritionally) to the local populations;
• They have majo r impacts on island ecosystems.

The in troduc tion of do mestic un gulates and carni 
vores by man onto Pacific Islands was initiated centu 
ries ago. Goats, for ins tance have become established
on countless islands worldwide , generally having been
int rodu ced by humans to serve as food. lames Cook,
during his remarkable journey in the Pacific, was an
efficient disseminator of pigs and dogs throughout the
Pacific. In New Caledonia, the famous naviga tor is
believed to be responsible for the introduction of the
first dogs, given as a gift to the local chief Tihabouna,
although the "success" of" failure" of this first int ro
du ction rem ains undocu mented to date. Th ere are
also many examples on Pacific Islands of domes tic
popu lations of ungulates (including cattle, sheep [e.g.
sheep on Eiao Islands in the Marquesas Archipelago])

that were released and became feral after the failure of
a livestock production venture .

Th e es tablishment of feral mammal populations on
Pacific Islands was not exclusively the consequence
of Euro pean settlers. Previously, Lapita people intro
duced at least the pig , the dog , the red jungle fowl
and the Pacific ra t, Rattus exulans (see "Vertebrate
pre -hu rnan fauna wha t can we expec t to find?" by
j.A. Alcover, and "Th e prehi stiry of Santo" by j. C.
Galipau d in this sec tion of this book) on the islands
they colonised , and many feral populations descend
from dom estic s tocks in trodu ced by the early set
tlers . On Espiritu Santo , feral pigs are widespread,
an d it is believed that pi g int roduction occurred
with the first permanent human settlemen ts , prior
to the beginning of the first millennium BP

Domes tic mammals , int rodu ced for food , draft
power, leat her , etc ., have co nside ra ble eco no mic
and cultura l values for the hum an populati ons that
introdu ced them , whe ther native or Euro pea n. For
in st an ce , th e pig is th e most importan t dom est ic
ani ma l in the Pacific region , and th e cul tural and
nu tritiona l values of this ani mal for the people of
Esperitu San to is immen se (Fig. 558). We are not
going to comment extensi vely on th ese aspects
du rin g this chapter dedi cat ed to feral mammals,
altho ug h we will bri efly report on so me informa
tion we collected on hunting pract ises and on the
perce ption of alien species by Ni-Vanuatu peo ple.

Figure 558: Espiritu Santa dom estic pig.



Some feral population s have acquired some posi tive
cultura l, economic or nutri tional values, often thro ugh
hunting. This is th e case for feral pigs , pr aised as a
prime game species by Melanesian and Polynesian
populatio ns throughout the Pacific (Fig. 559) . This
is also th e case for "wild" species of ungulates that
have bee n int roduced for hunting, such as deer spe 
cies (Cervus spp.) in New Zealand, Australia and New
Caledonia. Rusa deer, Cervus timorensis, introduced to
the main island of New Caledonia less than 150 years
ago , has acquired majo r cultural, economic and nutri
tiona l importance for both Melanesian and Euro pean
populat ic ns . F rom a managemen t persp ecti ve , the
human dimens ion is thus of pr ime impo rta nce when
one deals with feral popula tions .

Feral an ima ls can be amo ng th e mos t aggressive
and damaging alien species to th e natural environ 
men t, es pecia lly on isl ands. In th e Fre nc h Pacific
Territ o ries , for ins tan ce , in vasi ve alie n species are
recogn ised as a major threat to endemic species ,
ranked second j us t afte r habitat degrada tion . Alien
mammals have been de mons tra ted to have major
direc t and indirect effec ts on the na tive floras and
fau nas of in sular ecosys tems. In troduced goats, for
instance , are resp onsible for wholesale im pacts on
island floras, in cluding altering th e structure and
compos itio n of plant communities, causing extinc
tion , and accelerating soil erosion. The pig is another
devas ta ting species for both plant and animal native
species: ea ting or uprooting tree seedlings , ferns and
orchids, breaking open tree-fern trunks in searching
for starch, p rey ing on invertebrates and birds , and
possibly sp reading seeds of several ali en invasive
pla n ts. However, th ese impacts ha ve se ldom been
quantified, even for pigs , and few de tailed studies
on Pacific Islands have been published .

• • Observations about feral
mammals on Santo

A careful observer walking for 1 km along the streets
of Lugan vill e (we sa mpled s ix tran sects fo r a to ta l
len gth of 6.5 km in Octobe r 2006) will on average
encou n ter 5.4 dogs , 4 .0 chickens, 0.2 ca ts and 0.1
s heep . Obvio us ly, the an ima ls enco untered wou ld
be domestic and do no t m eet the criteria lis ted
previously to qualify as fera l. W ha t is more, they
would not, at first glance, match the pictur e of "the
mos t aggressive and damaging alie n species to the
na tural env iro n m en t" described above, especially
in an u rba n en viro n m en t. One should rem em ber,
however, that the "gentle pussy cat" turns out to be
a very efficien t and devastating killer of birds and
lizards. W he the r domestic or feral, "feline de lin
quency " has a s tro ng impact on vertebrate biodiver
sity through out the world, and there is no reason to
thin k tha t it mig ht be otherwise on San to.

If th e mammal observe r m oves ou t of town to the
CETRAV Resea rch s ta tio n at Sarao u tou, he or she
is likely to encou n ter th e following ani ma ls along a

Figure 559: Feral pig hunting party in the nearby rain-forest of
Butmas village.

similar 1 km long transect (we di d 16 transects for
a tota l of 8 .8 km in Oc tober 2006) : 52.0 cattles , 0.1
dog, 0.1 ra t and 0.1 unidentified flying fox. A single
look at th e beautiful Charola is cows will co nv ince
th e observer th at thi s livest ock herd is in no way
fera l and th at its impacts are confined to th e ma n
made, and well ma in tained, past ures of the CETRAV
station . The dog is a bi t more wo rrisome from a con
serva tio n pe rspective, as an investigatio n with the
workers of the stat ion led to th e conclusion that a
couple of "wild" dogs, wh ich had no known owner,
were roaming the area. The animal we had seen was
apparently in poor condition, and it is thou ght that
these "wild" dogs were in part feeding on the carr ion
left in a dumping area after the occas ional slaugh ter
ing of ca tt le. Al though these animals are n ot fera l
sensu stricto, as they probably maintain contact wi th
domestic dogs and indirectly receive some food from
human activ ities, they are likel y to have a significan t
impact on na tive biod iversity in fores t pat ch es sur
ro u nding th e ca tt le s ta tion, including na tive birds
such as the megapode Megapodius freycinet layadri.

Th e situation in the Ma tan tas village and th e adja 
cent Vatthe Conserva tion Area is quite different than
that in th e Lugan vill e-Saraou tou u rba n ize d area .
The mammal obse rve r is likely to encoun ter the fol
lowing species of interest ( to hi m) along 1 km long
tra nsec ts, locat ed ins ide th e village and in th e for
ested an d grassland areas of the Vatthe Conserva tio n

Figure 560: Dom estic goat with movements restrained by a
leash, suburbs of Luganville.
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Area (we did 27 transects for a total of 30.6 km in
October 2006): 1.7 cattle, 1.3 dogs, 0.2 goat, 0.1 uni
dentified flying fox, 0.1 cat, 0.1 horse and 0.03 pig.
All the goats and horses seen along these transects
were located inside or in the vicinity of the village,
their movements efficiently restrained by either a
leash or a well maintained fence (Fig. 560). Two
thirds of the cattle seen along the transects were also
domestic stock, restrained in paddocks or leashed by
the side of the main roads or trails, and attended by
villagers on a daily basis. But the remaining one-third
of the observed cattle (two herds, a total 17 individu
als), were spotted in a grassland area situated several
kilometres away from the village and surrounded by
primary forest. Their elusive and wary behaviour
clearly indicated that contacts with humans were not
welcomed, and local guides indicated that they were
feral animals, occasionally hunted to provide meat
(see below). The only pig seen during our transects
(abundant indirect signs were noted in some areas
of the primary forest) was a feral pig, roaming in the
middle of the primary forest, who ran away as soon

11 - Pigs have poor eyesight, as it de tee ted ou r presence 11 This
but very eHicient olfaction and is a peculiar situation for Vanuatu ,
hearing: be silent and pay
attention to the direction of the where the pig is culturally the most
wind if you want to approach important animal, but we did not
feral pigs at close range, see any domestic pig in the village
something you should not do if
you are not accompanied by an of Matantas. This absence of pigs is
experienced guide, as they can apparently the consequence of the
be dangerous. religious beliefs of a proportion of the

population of the village converted to a religion that
precludes the consumption of pork. As for domestic
carnivores, both dogs and cats were seen inside and
in the vicinity of the village. However, we also spot
ted several dogs and at least one cat (several spoors
and droppings were also recorded) at a great distance
from the village, in the middle of the primary forest.

The Natural History of Santo

Figure 561: During the West to Eastcrossing of the Cumberland
peninsula, a feral cattle was killed.

The dogs were often seen accompanying hunters,
and their familiar behaviour, even when we encoun
tered them alone, indicates that they were domestic
animals. This is not the case for cats, which were
almost certainly feral.

Finally, the mammal observer will find transects in
the Butrnas region very interesting. Along a stand
ardized 1 km long transect (we did 11 transects
for a total distance of 16.0 km), the observer will
on average encounter the following mammals: 0.6
cattle, 0.3 dog, 0.25 pig and 0.3 unidentified fly
ing fox. Given the ecological conditions in Butrnas
(high precipitation, almost continuous forest cover
with Iew open and flat areas), the presence of cat
tle, whether domestic or feral, was unexpected alto
gether. It is even more remarkable to notice that all
the cattle seen were feral, ranging in remote primary
forest areas (spoors and dung were seen in several
areas, including on top of very steep tracks). Local
hunters indicate that they occasionally hunt these

Table 50: Feral mammals of Espiritu Santo Island, Vanuatu. Latin names (ICZN 2003/Usual synonym), English name, acknowledged
feral population (exact location in Santo whenever possible). Sources: 1 Medway & Marshall, 1975; 2 Atkinson & Atkinson, 2000; **
this expedition, direct observation; * this expedition, indirect observations.

Latin name

Bos primigeniusjB. taurus

English name Feral populations

Matantas *
Cable Butmas *

Santa 1

Remarks

-------------1

Canis lupusjC familiaris

r-- ---

Capra aegagrusjC hircus

Equus ferusjE caballus

Felis silvestrisjF. catus

Ovis orientalisjG. aries

Sus scrofa

Dog

Coa

Ho~e

I

Cat

Sheep

Pig

No direct oriudired evidence ofestablished
feral population dunng this expedition

No direct orindirect eVidence ofestablished
feral population durlng thiS expedition

1---------------11

No direct or indirect evidence ofestablished
feral population during this expedition

Matantas *
Butmas **
Santa 1

Matantas *
Butmas *
Santa 1,2
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"wild buluk", and we actually witnessed during our
stay the gutting/skinninglbutcheringltransport of a
cow ... and tasted the meat (Fig. 561). As for domes
tic carnivores, the same comments as for Matantas
apply for dogs in Butmas. Several dogs were seen
during our transe cts. but they were most often
accompanying hunters or their behaviour indicated
that they were not feral animals. No direct observa
tion of a cat was made during our transects in the
Butmas region. However, we saw recent cat tracks
and droppings in the middle of remote primary for
est, on top of a mountain, located several kilometres
from the village. These indirect signs are most likely
attributable to a feral population of cats.

Table 50 summarises the current status of feral
mammal populations on Santo Island. It is a com
pilation of published records of feral species and
observations made during this expedition .

• •• Focus on the feral cattle of Matantas
In the middle of the Iorested area of Matantas, desig
nated as the Vatthe Conservation Area, visitors end
up in an open grassland zone, the "White Grass",
after an hour-long walk in pristine primary forests.
With a bit of luck, a good local guide, and an early
morning departure, you might encounter individu
als of the feral herd of cattle that roam in the area.
And if you don't have the chance to spot the animals
directly, there is much indirect evidence of their
presence (Fig. 562): tracks, signs of grazing and
browsing and cattle dung. Indeed, the density of cat
tle dung in the western hedge of the open grassland
area, which we estimated using line-transects, was
nearly as high as in the paddocks of the CETRAV
station, where intensive cattle production occurs.

The Chief of Matantas reported to us the history and
management of this feral herd of cattle (Fig. 563)

Figure 562: Skull of a feral cattle found in Vatthe Conservation
Area.
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Figure 563: Domestic cattle grazing in a paddock, Eastern coast
of Espiritu Santo.

Figure 564: On site interview with the Chief of Matantas about
the feral cattle herds of Vatthe.

during our stay in Vatthe (October 2006). This
herd was apparently founded decades ago, follow
ing the accidental escape/release of domestic stock
from farms held by Australian farmers (near the vil
lages of Tavunapui, Tchuriviu and Hanura). After a
short period of defiance towards these frightening
animals, the villagers of Matantas began exploiting
them through hunting. As opposed to feral pigs,
which can be hunted without limits and regulation,
hunting of cattle situated on the territory control
led by the Chief (including the "White Grass" area)
requires permission granted by the Chief. Feral
cattle are usually slaughtered and consumed dur
ing the celebrations of the Independence Day of
Vanuatu (30th]uly) and ChristmasINew Year's day.
Adult bulls are usually targeted, although the Chief
might give permission to hunt adult females when
the herd is thought to be "too large". The animals
are shot by hunters with a gun (when available with
appropriate am munitions). or they are chased to
exhaustion by hunting dogs and eventually killed
with a spear by hunters.

The Chief, as well as most of the hunters with
whom we have been discussing this issue, is per
fectly aware of the impacts of the cattle on the
vegetation (Fig. 564). Mention is made of several
species of grass and sedges consumed by cattle (e.g.
Mariscus sp., Pycreus sp.), including a "water grass"



("pore pala pala", sp. N.id) also collected for food by
villagers and the introduced big leaf rope, Merremia
peltata. Trampling by cattle is also mentioned as
both a problem, as hoof marks left by cattle when
the soil is wet allows the collection of water which
in turn favours the development of mosquito larvae,
but also as an efficient way of controlling the spread
of the "American rope", Mihania micrantha. The
direct and indirect effects of cattle on the vegeta
tion are thus used as management indicators: hunt
ing is allowed when" the wind passes through the
forest" - i.e. excessive browsing of the vegetation
at the hedges of the grassland area- but hunting is
restricted when the grasses and sedges in the open
grassland are overgrown, especially "pore pala pala"
in the depressions of the ground filled with water.

The feral cattle of Matantas are illustrative of the
dilemma faced by conservationists regarding con
trol of introduced species. This population of feral
mammals has been introduced in the native for
est of the Vatthe Conservation Area, and there is
no doubt that this alien species has an impact on
the native vegetation, although the extent of these
impacts has not been documented. However, the
cattle could also have a positive effect by contrib
uting to the control of two major invasive intro
duced vines (M. peltata and M. micr antna), but
detailed information on the efficiency of this con
trol is again lacking. Moreover, this population of
feral mammals has acquired a nutritional and cul
tural importance, being consumed during major
social or religious events. The local population has
established some management practices through
hunting, which could control this feral population
efficiently. Should conservationists bother about
these feral aliens)

• •• Perception of feral mammals
by local people of Santo

During our stay in Santo (October 2006), we also
conducted a questionnaire survey on the perception
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of "introduced invasive animals". We asked 44
adult men from Luganville/Saraoutou, Matantas
village and Butrnas village, to list the animals they
considered to be "introduced invasive animals"
(the definition given by IUCN/lnvasive Species
Specialist Group was translated into bishlama).
The results of this "free-listing" exercise are com
piled in Table 51. The two species that were cited
most frequently and with the smallest rank (e.g.
frequently on top of the list) were conspicuous
birds, the common myna, Acridotheres tristis, and
the black-headed munia, Lonchura malacca, that
were frequently seen at the three sites surveyed.
The third one is the giant African snail, Achatina
fulica, also an abundant species native from Africa
and known to have been introduced in many Pacific
islands. The first feral mammal mentioned in the
list, the pig, is only fourth, despite the fact that it is
a widespread and abundant species, acknowledged
by local people as having strong impacts on crops
as well as on the natural vegetation. The fact that
nearly 63 % of the solicited persons did not mention
feral pigs in their lists probably reflects the cultural
importance of pigs to Ni-Vanuatu people. Most of
them consider the pig to have been in San to for as
long as humans, and thus to them this species does
not match the definition given for an introduced
species. Feral cattle were also mentioned by 23 % of
the respondents, whereas only 9 % (four persons)
mentioned feral dogs.

As emphasized previously, the results of this ques
tionnaire survey illustrate the crucial importance of
the human dimension when dealing with the man
agement of invasive species, particularly with feral
mammals. Despite their negative impacts on the
native biodiversity, some species have acquired posi
tive cultural, economic or nutritional values in the
local population. Species targeted as priorities for
control or eradication should be selected according
to their perception by local populations, as well as
the expected conservation benefits from control.

Table 51: Species (or group of species) cited as introduced invasive species by Ni-Vanuatu adult men of Santa. Results of a "free
listing" questionnaire survey conducted in October 2006 (n = 44).

Latin name Bislama Name Frequency Average Rank

Acridolheres Irislis Pidjin blong buluk, Sako 38 1.816
-----, ----- 1- -

Lonchuro malacca l Bengali 19 2.158
- --

Achalina fu/ica Snail. African nail 17 3.412
- - -

Sus scrofa Wael pig 12 2.833---
N.I. Insect Bebet 11 11 2727

-- ---

80S primigenius/8. laurus Wael Buluk 10 3.200
- - - 11-- --

Polistes o/ivaceus Honet, Guepe 7 2.857
- - - -

Rattus sp. Rat 6 4.500
- - - --<

Porphyrio prophyrio Black pidjln red hed, V'Ndrai 11 4 2.500
- -

Canis /upus/C fami/iaris Wael dog 4 4.000
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FOCUS ON ALIEN BIRDS

l\Jicolas Barre

On the same sites and habitats where ma m m
alogists studied alien ungulates, carnivores and
rodents, we conducted a survey in order to find
alien birds species and to assess their abundance
and potential interactions with the native birds.

The field study was implemented in October
2006. Five days were devoted to the bird survey
in Luganville town and its harbours, and nine
days to the Saraoutou village area. This lowland
area encompasses the CETRAV agronomic station,
where the landscape is dominated by pastures and
coconut plantations with patches of remnant dry
and half-humid forest. Aside these localities heav
ily modified by human activities, a four-day survey
took place in two less heavily modified areas: the
vicinities of Matantas village and the primary for
est of Vatthe Conservation Area located at the far
end of Big Bay, and the Butmas hilly village in the
interior (300-600 m). At each site, we performed
bird surveys in the morning and in the evening,
respectively, using the point-count method, each
count lasting 15 minutes. A total of 128 point
counts were performed: 10 in Luganville, 42 in
the Saraoutou area, 37 in the Matantas area and 39
in the Butrnas area. Distance between consecutive
points was at least 300 m. In each locality, check
points were distributed as far as possible in the
following habitats: Melanesian gardens, cultures,
pastures, secondary and primary forests.

All bird species were recorded, but we paid special
attention to the alien ones. In this note, we focus
our comments on aliens. The status and distribu
tion of native species as well as native bird com
munity composition are depicted in "Terrestrial
bird communities" in the part "Terrestrial fauna".

• • • List of the birds introduced to Santo
Six alien birds species from Esperitu Santo Island
have been reported: a phasianid, the red jungle
fowl (Gallus gallus); two estrildids, the chestnut
breasted and the black-headed munia (Lonchura
castaneothorax and L. malacca); a ploceide, the
house sparrow (Passer domesticus); and a sturnid,
the common myna (Acridotheres tristis) (Fig. 565).
Among them and as confirmed by this study and
by other surveys, only the fowl, the black-headed
munia and the common myna are established on
Santo to date. In addition, we recorded the feral
rock pigeon, Columba livia, in Luganville (a group
of 10 sighted in the market) and its suburbs.

It should be emphasised that the number of bird
species introduced to and established on Santo
(four), and even on Van ua tu (six), is very low
compared to the 14 introduced species established

on New Caledon ia or the 12 in Fiji, but not so
low if compared to the at most three in the entire
Salomon Archipelago.

•• • Origin and abundance of the
three dominant alien species

The red jungle fowl is native to southeast Asia. It
was introduced for food to the south-western Pacific
Islands by the earliest settlers several thousands
years ago and this is why this species is now per
ceived by Santo people as native (see "Focus on feral
mammals"). This is the only alien bird that inhabits
mature rainforests in Vanuatu; it is also present in
secondary forests, scrubs, clearings and bounda
ries of cultivated patches. It is said to occur up to
mid-level elevations (c. 500 m) but may be locally
common up to 900 m. We recorded the red jungle
fowl in the four inventoried sites; those heard in
the Luganville area belonged to the domestic form.
This favoured game species was abundant in the
Matantas area, especially in the Vatthe Conservation
Area forests, where its shrilly repeated crowing was
detected deep in the primary forest (83 % of the 18
checkpoints). It was also detected at the woody
borders of pastures (71 %) and in gardens around
the village (42%), where it may be confused with
domestic fowl that are more or less feral. It was also
quite common in the primary forests of Saraoutou
(31 % of the 13 checkpoints in this habitat) but
absent from other cultivated, pastoral or disturbed
forest habitats. Probably owing to intense hunting
pressure, the bird was rare in the Butmas second
ary forests located at the elevation of the village
(4% of the 23 checkpoints) and absent from pri
mary forests at higher elevations (16 checkpoints).
We speculate that in most places, the bird does not
interbreed with feral domestic chickens and remains
genetically close to the Asian ancestor. This omniv
orous ground feeding bird may compete with the
native and endemic Vanuatu megapode, Megapodius
layardi. However, both species were recorded simul
taneously in most of the forest habitats of the three
studied sites with similar frequencies at Saraoutou
and Butmas (and a fourfold lower frequency of the
megapode at Matantas), suggesting that the impact
of this competition -which may have occurred for
hundreds/thousands of years- is questionable.

Europeans introduced the common myna
(Fig. 565), also called Indian myna, from south
ern Asia to control insect pests of crops and cattle
(ticks). It is one of the most successful introduced
and naturalised birds in the world, especially in
tropical and subtropical islands. It was collected
on Tanna Island by Macmillan in 1935 but is sup
posed to have been introduced to this island in
the 1880s, when a ship carrying caged birds to



Figure 565: the common myna (Acridotheres tristis) is the most
common introduced bird. It is restricted to hum an-modified
lowland s.

Fij i was wreck ed at Len akel. Introducti on to other
Vanuatu islands is not precisely dated , but whereas
Scott did not observ e the species on Santo in 1944,
Med way and Marsh all recorded i t in 1971 in the
Sego nd Channel are a, including th e Aore and Malo
islands , whe re it was widely dispersed and did not
see th e bird in th e northeastern and no rthern set 
tled strips of Mal o Is land . Durin g o ur visi t, th e
comm on myna was observed in th e four investi
gat ed sites. The frequency of this bi rd decreased
from Luganvill e 0 00% of the ch eckp oints), to
Saraou tou (8 % in forest edges, 68 % in se co nd
ary gro w th , 100 % in pastures ) , Matantas ( no ne
in forests , 33 % in Melanesian ga rde ns , 57 % in
pasture) and Bu trnas (on ly two bird s see n at on e
point located in a Melanesian garden ) . According
to data from all four sites, the distribution of the
comm on myna amo ng habitats is as foll ow: 100%
o f th e urban chec k po in ts , 82 % of th e pasture
and meadow chec kpoin ts , 33 % of cu ltiva ted and
secondary open veget ation ch eckpoints , and 2 %
of forest edg e che ckpo in ts . It was also seen at lo w
ele va tion s near Tasrnate and Pen aoru villages,
lo cated on the Cumberland Northwest coas t. The
comm on myna is typ ically a synanthropic species
closely associated with human h abitats , buildings
and agro-pastoral habitats . This beh aviour pattern
combine d with it s quite recent sp rea d ex pla ins
w hy Santo peopl e view th e common m yna as in
th e first rank of the int roduced sp ecies (see "Focus
on feral mammals" ) . Its highest den sities -some
tim es with flock s and roosts of hund reds birds, as
was recorded in the Saraou tou area- are observed
a t Lu gan vill e and around th e livestock and coco
nut plantations all over th e southeast Santo coast.
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As so on as there are ca ttle or horses , th e common
m yna will be found in th e vicinity. It is ca lled "pijin
blong buluh" in Bislarna, which m eans "the bird
th at belongs to th e beef". Recorded at an alt it ude
o f 300 m in the Butmas area, w here it is very rar e ,
this b ird prefer s lowlands . It is o ne o f th e three
bird spe cies on th e lis t of the 100 wors t invas ive
alie n species in th e world. The common myna is
frequ ently accused of excluding native forest birds.
In fact , restricted for est occ upation by most native
birds must be relat ed to the ir inabili ty to ada p t to
anthropoge nic habitats . Th e common myna may be
in co mpe tition - for example for nesting hol es
wit h native speci es o f op en habit a ts . But those
native species also tak e advan tage of human activi
ties , and the common myna, absent from prim ary
for ests , has no in teractions with native for est spe
cies in this habitat , even in sma ll patch es , wha tever
th e eleva tion.

The black-head ed munia is a ca ge b ird native to
Asia, from India to Indonesia and th e Philippines.
Among the two Estrildidae noted by Bregulla in
1992, it is the only sp ecies that "Fallow and Alien"
team members ob se rved during th e San to 2006
ex ped ition . In Van ua tu , it occurs onl y on San to ,
whe re it is said to have escaped from an aviary in
th e 1960s. From th ere it spread on its own in 1965
to Aura Plantation on Aore Island , th e on ly place
wh er e these auth ors saw the bird in 1971. This
sm all gran ivorous an d gregariou s bird oc cu p ies
very similar habi tats to th ose of the com mon myna ,
but it is more specialised to short gras sy are as ,
shrublands and bo undaries of mature pastures . It
thrives everywhere from urban area s (p resen t in
70 % of the Luganville checkpoin ts) to agricu ltural
land s, herbaceous clearings and trail and roadsides.
At the Saraou tou sit e, it was recorded in 60 % of the
pasture ch eckpo in ts and 5 % of th e sec on da ry veg
etation and clearings chec kpoin ts. At th e Mata nta s
(large flock s) and Butrnas ( two birds) si tes, it was
see n feeding on Graminae ( Pan ic w n s p .) along
tr ails and recorded with a frequ en cy of 17 % and
4 %, respectively. Th e black-headed munia was also
observ ed at low elevatio ns along th e Pen aoru River
and near Tasmat e vill age located in th e northwest
of th e Cumberl and Peninsula. At al l s it es co m 
bi ned , th e bl ack-head ed munia wa s record ed in
70 % of the urban habitat checkpoin ts , 35 % of the
pasture habitat checkpoi n ts , and 7 % of th e second
ary -open lowland habitat checkpoints . It is absent
from forests . We can assum e that this bird , which
took advantage of th e op en ing of th e nati ve habitat
and th e introduction of fodder Graminae and vari 
ous weeds , has no impact on th e nati ve avifauna ,
which lacks grani vores.

• • • Conclusions
Except for th e red j ungle fowl, wh ose favoured
h abitats a re primary a nd secondary fores ts , the
other introduced birds are adapted to su bur ban and
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Figure 566: The white-breasted woodswallow (Artamus leucorhynchus), an insectivore, may compete with the common myna for
food and nesting holes. However, this native bird also took advantage of the clearings made by humans in the original landscape.

cultivated ope n lowlands. The red jungle fowl may
compete with the endemic megapod e for food and
space . However, they have lived in sympatry for a
very lon g time and both sp ecies remain quite com
mon , sugges ting that at leas t some impo rtan t com
pon ents of th eir eco logica l nich e do not ove rla p.
So long as th e rain fores t is preserved , th ere is no
reason to fear that this equilibrium will be altered.

As in New Ca ledo nia and Fiji , the introd uced
omnivorous common myna and the sma ll seedea t
ing black-headed munia are adap ted and res tricted
to anthrop ogenic habitats. Th ese spe cies , whic h
avoid any type of forest , were recor ded on San to
alo ng a clea rly decli ning gra die nt of freq uen cy
from urban areas, coastal lands , cu ltiva ted low
lands and especially livestock graz ed pas tures , to
shrubs, Melanesian garde ns and , to a lesser exten t,
fores t cleari ngs. Th ese an thropogenic habitats are
dist r ibut ed at low eleva tions on Santo, and only a
few native bird spe cies favour th ese habitats. Th e
black-headed munia has a very specific weed/gram
inae nich e and ma y not compete wi th any nat ive

seedeater. The distribu tion of the rare endemic royal
parro tfinch, Ery thrura cyaneovirens, is restricted to
mountain forest where it ha s no opport u ni ty to
enc oun ter the black-headed mun ia.

Th e impac t o f the co mmo n myna may be more
qu est ionable. It has a bad repu tation glo bally, but
it is not clear how severe its impa ct is on nat ive
sp ecies . Its hab it a t is en tirely art ificia l an d th e
b ird fee ds mainl y on in sect s an d fru its , them 
se lves int roduced , or by taking advan tag e of the
anth ropogenic environment it favours . However,
native birds lik e the white-breas ted woodswallow
(Fig . 566) , th e co llare d kin gfisher, Todiramphus
ch/oris, etc., use suc h ant hropogenic habitats. Th e
h ypothesis th at th e common my na competes for
n est ho les with th e rare ru st y-winged st arl in g,
Aplonis zeiandicus, a mo u n tai n fores ts sp ecies , is
un foun ded . The sp ec ies do no t s hare th e sa me
hab itat. In co ncl us ion , we believe that in th e par
ticular case of Santa, opprobrium shou ld be cas t
on these exotic spec ies with cautio n , o r at least
withou t fu rther evide nce .

FOCUS ON INTRODUCED AMPHIBIANS AND REPTILES

Olivier Lorvelec & Michel Pascal

Espiritu Santa Island currently hosts populations of
one sp ecies of amphibian and eighteen species of
terre st rial reptiles .

The one amphibian on Santa is a bell frog (Hylidae:

Litoria aureai . Th e reptile faun a encompasses six
geckos (G ekkonidae : Gehy ra oceanica, Gehyra
vorax, Hemuiactyi us frenatus , Lepuuuiactyius lugu
bris, Lepidodactylus vanuatuensis, and Nactus mul ti
carinatus , which we consi der distinct from Nactus
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pelagicus), ten skinks (Scincidae: Cryptoblepharus
novohebridicus, which we consider distinct from
Cryptoblepharus poecilopleurus, Emoia atrocostata,
Emoia caeruleocauda, Emoia cyanogaster, Emoia
cyanura, Emoia impar, which we consider distinct
from E. cyanura, Emoia nigra, Emoia nigromargi
nata, Emoia sanfordi, and Lipinia noctua), a blind
snake (Typhlopidae: Ramphotyphlops braminus),
and a boa (Boidae: Candoia bibroni).

None 'of these nineteen species is strictly endemic
to Santo, but four are endemic to Vanuatu (L. van
uatuensis, C. novohebridicus, E. nigromarginata, and
E. sanfordi). Four species with relatively restricted
insular distributions can be regarded as native in
Vanuatu. These are N. multicarinatus (the Solomon
Islands and Vanuatu), E. cyanogaster (from the
Bismarck Archipelago to Vanuatu), E. nigra (from
the Bismarck Archipelago to Tonga), and C. bibroni
(from the Solomon Islands to Samoa). The distri
butions of eight other species are larger than the
previous ones. Among these eight species, two
that are represented in Vanuatu by infra-specific
taxa with a restricted distribution can be regarded
as native: E. atrocostata freycineti (the Solomon
Islands and Vanuatu) and the local morphotype of
G. vorax (Vanuatu and the Loyalty Islands). The
six remaining species of this group (G. oceanica,
L. lugubris, E. caeruleocauda, E. cyanura, E. impar,
and L. noctua) can be regarded as cryptogenic,
because the present lack of palaeontological data
from Vanuatu precludes determining whether
they are native (natural pre-hurnan dispersal) or
introduced (human-mediated dispersal). However,
in 1999, Austin indicated no genetic isolation of
L. noctua in Vanuatu, suggesting its introduction.
At last, three species (L. aurea, H. frenatus, and
R. braminus) were recently introduced to Santo.

Three other gecko species (Gekkonidae), widely
distributed in the Pacific, were occasionally seen
in Vanuatu in the past. Gehyra mutilata is known
only in Efate by an isolated specimen collected
in 1924 or 1925 that suggests an introduction
without naturalization. Hemidactylus garnotii
and Hemiphyllodactylus typus were reported from
unspecified islands of Vanuatu by Whitaker 6;[

Whitaker on the basis of 1993 personal commu
nications that suggest recent introductions. To
conclude this inventory, we should add the 1985
record of Rhinella marina (formerly Bufo marinus,
Bufonidae) from Santo, which suggests an intro
duction without naturalization.

• •• Material and methods
Nocturnal and diurnal visual investigations were
performed, allowing captures and pictures of spec
imens. The few explorations of limited parts of the
shoreline yielded no marine species, so the follow
ing text refers only to terrestrial ones (including
E. atrocostata, a foreshore skink) and freshwater
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species. We limited our collections to forty speci
mens for alien, cryptogenic or abundant species,
and five for others. Those numbers were seldom
achieved.

To study alien species along a gradient of decreas
ing anthropogenic impact, four sites were inves
tigated:

• Luganville town, its harbours, and the
"Maritime College";
• The "Vanuatu Agricultural Research and
Technical Center" (VARTC near Saraoutou vil
lage) , where many species of agricultural inter
est were introduced beginning more than fifty
years ago;
• Matantas village and the "Vatthe Conservation
Area";
• Butrnas village and its surrounding forest,
which was first connected by a road to
Luganville few years ago. Poor weather condi
tions prevented our searching in the last site as
intensively as the other ones.

• •• Results and discussion
Table 52 includes survey data (number of preserved
specimens and number of identified species) for
each sampled habitat of each site.

We recorded and preserved specimens of seven
teen species among the nineteen currently reported
(total number: 162). We did not detect E. nigromar
ginata and G. vorax. Although a large Gehyra was
seen on a Luganville lodge wall, we did not assign
it to G. vorax because of the habitat.

We summarized the number of recorded species in
the four sites declined along the gradient of anthro
pogenic impact, i.e. Luganville, VARTC, Matantas,
and Butmas. The figures were 8, 12, 12 and 5,
respectively. One should bear in mind that surveys
on Butmas were cursory.

The three introduced species previously reponed from
San to were recorded during the present expedition.
Published data allow us to infer introduction date and
potential ecological impact of each of these.

Solem in 1959, using material previously collected
by E. Kuntz, seems to be the first author to quote
the green and golden bell frog (Litoria aurea) in
Vanuatu, more precisely on Santo, and Whitaker
6;[ Whitaker in 1994 suggested 1944 as the first
record for this island (cf. material collected by E.
Kuntz). Although Tyler in 1979 cited Fischthal
6;[ Kuntz in 1967 as the first to record the species
in Vanuatu, we found, as Whitaker 6;[ Whitaker
in 1994, that this publication did not mention
the species, although it is based on material col
lected by E. Kuntz. Next, the species was collected
in 1970 and 1971 on several Vanuatu islands
(Aore , Malakula, Norsup, Efate), including Santo



Table 52: Recorded species and preserved specimen numbers for different habitats and sites. To.: total. Luganville: the capital.
Ha.: harbour and warehouses. Tw.: tow n and maritime college. VARTC: agricultural centre. Qu.: living quarters and sheds.
Pa.: agricultural parcels, Melanesian gardens, and woods. Co.: coastal forest. Un.: origin unclear. Matantas: Matantas village and
conservation area. Fo.: Melanesian gardens and secondary forest. Vi.: village and coastal rocks. But. : Butmas village, Melanesian
gardens, and secondary forest. Man .: mangrove swamp, South-East Santa (5. Samadi). ps : number of preserved specimens. s: seen
(0. Lorvelec) . Is : seen but species unclear (0. Lorvelec). h: heard (P. Bouchet) .

Species Luganville Luganville Matantas But. Man . PS

Litaria aurea

Cehyra aceanica

Cehyra varax

Hemidactylus frenatus

Lepidadactylus lugubris

Lepidadactylus cf.
vanuatuensis

Nactus multicarinatus

Ha

2

4

Tw.

Is

To.

h

Is

3

5

3

Qu.

17

4

9 11

Co.

15

To.

18

6

2

37

re Vi.

3

2

To.

3

2

2

4

o

22

13

3

44

Cryptablepharus

navohebridicus

Emoia atracostata

Emaia coeruleocauda

Emaia cyanogaster

Emoiacf. cyanura

Emaia cf. impar

Emoia nigra

Emoia nigromarginata

Emoia sanfordi

Lipinia noctua

Ramphatyphlops braminus

3

1

IS

2

7

9

6

16

4

2

3

4

4

s

4

3

2

8

3

16

19

4

o

2

16

Candoia bibroni

Recorded species

Preserved specimens 10

7

7

8

17

7

50

6

33 2

12

113

10

18

12

23

5

7 2

17
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(Big Bay area ) in 19 71, and recorded in 1993 on
Santo (Ma tantas area) . Accord ing to Medway &'
Marshal! in 1975 , the sp ecies was introdu ced to

contro l mosquitoes , and Tyler in 1979 suggested its
1967-68 introd uctio n to Efate by plan ters on the
bas is of test imony. We preserved one ad u lt from
Ma tan tas (Tab le 52 &' Fig. 567) and saw larvae in
Bu tmas. Also, the species was heard at Luganville
"Maritime College ".

L aurea is native to so utheast Australia, where it
is cons idered endangered . L allrea was in troduced
during the la te 19th cen tury to "Grande Terre"
(New Caledonia), where it was widely distribu ted
by the early 20th cen tur y. However, archaeologica l
clues suggest a previous in troduction before histori
cal period. This hypothesis must be considered cau
tious ly. On Grande Terre , L allrea is found in many
habitats, especially garde ns , ditches, an d secondary
fores ts, and tadpoles grow in ponds and slow rivers .

Figure 567: Litoria aurea (Matantas vil lage. Santa. Vanuatu,
a ct. 2006, M. Pasca l & O. Lorvelec).
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Th e spec ies apparently selects ephemeral habitats
la cki ng predators . In New Ca led o n ia, L. autea
is a lso cu rre n tly pr esent in th e Loyal ty Isl ands ,
despite th e absence o f a hydrographic sys te m, and
on the Isle of Pin es. In addition to Ne w Ca ledon ia
an d Vanua tu , the s pecies was introdu ced to N ew
Zealand during the lat e 19th century and perh aps
to Wallis and Futuna . L aurea is carnivor ou s with
a large prey spectrum th at includes vert ebrat es lik e
Aus tra lia n Elapidae in its nati ve distributi on area
and skin ks (Caledoniscincus austrocaiedontcus) in
Gra nde Terre , and it is occasionally cann iba lis tic.
In 2002, we saw spec imen ca tching a ge cko on a
house wall on Grande Terre.

Absent from the specimen re port ed by Med wa y
& Ma rshall in 19 75 , the Pacific h ouse gec ko
iHemiaaa y tus[venatus) was abundant in San to and
Efate towns twenty yea rs later. Introduction of thi s
cons picuous , edifi carian gecko to Van ua tu is rece n t
and probably occurred after 1971. We preserved spec
imens from Luganvill e (Table 52 & Fig. 568) , VARTC,
and Matantas and saw the species on Hate (Port Vila) .
It was very abun dant in VARTC buildings.

Na tive to south and so u the ast Asia and Australia ,
H. [te natus was introdu ced to Grande Terr e d ur
i ng th e WWII, th en co lon ized the Isl e of Pines
and Lifou in the Loyalty Islands. On Grande Terre,
H. [ren atus lives in h ouses and cult iv at ed are a
and is usuall y ab sent from primary an d second
ary forests . However , it can li ve in bushes in th e
northwest part of th e island , and in some coas tal
habitats . Wherever H.[renatus has been in troduced
to Paci fic Islands , i t has d isplaced other ed ificar
ian gec kos (Gehyra nwtilata, Gehyra oceanica,
Hemidactytus garn otii , and Lepidodactylus lugu
bris) in human dwell ings . Th ere is no in forma tion
abou t th e potential inter acti on between H. Jrena
t[IS an d th e ende mic Vanuatu Lepidodaclylus van
ualliensis . In hu man dwe ll ings of Grand e Terre ,
whe re H. [renatu s is co m mon , the m ales develop
aggressive behaviour aga in s t other geckos and
exclude parthenogen et ic H. garnotii and L l[!gll
bris. Mo re over, adult s o f H. [renatus consu m e
juveniles of L. lllgllbris. However, no co mpe ti tion
for food resources occurs bet ween H. [renatu s and
H. garnolii , and no aggressiv e beh av iou r o f H.
jrenatus ma les towards H. gam otii, but th e males of
H. [renatus can mate wi th parthenogen et ic H. gar
notii , with ou t producin g offspring. Furth ermore,
in trod uc ti on of H. [rena tus in th e Ma scarene
Isl ands led to a drasti c dec line in endemic gec ko
populations bel on ging to th e lndo-Pacifi c ge n us
Nactus by virtue of compe ti tion for hab itat refuges.
Taxa undergo ing th e declin e were N. coindemiren
sis, N. serpensinsula d[!rre lli, and probabl y N. ser
pm sinsula serpmsinsllla.

The braminy blind snake (Ramphotyphlops braminus)
was firs t record ed in Van ua tu in 1971 a t Port Vila
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Figure 568 : Hemidactylus frenatus (Luganville, Santa, Vanuatu,
Sept. 2006 , M. Pascal & a. Larvelec) .

(H ate). Lat er, the species was rep orted from San to
(Luganville and Palik ulo vill age) including dark
brown and blue sp ecimen . Th e habitat dist ribution
of the speci me ns colle cted in 1971 (Port Vila garden s
and plantations) suggests a recen t introduct ion to
Hate by importation of agricultural and horticultur al
equ ip me n t. We preserved specime ns from VARTC
(Table 52 & Fig. 569) , where th e population was
abunda n t under coco nu t palm seed lings and planks
loca ted near a coc onu t furn ace. But one spec ime n
was co llec ted outside th is s ite, in one of the old
coconut palm plantations at VARTC. Several VARTC
specimens exhibited the blue pattern (Fig. 569 ) . This
blu e colour is linked to the period during which th e
snak e's skin is sh edding. Apart from VARTC, on e
un confi rm ed record was from Matantas.

Perhap s n a tive in south and so u theast Asia , th is
parthenogenetic, fossori al and insectivorous spe 
cies was introduced to man y tropical and subtropi 
ca l areas of the world . It has be en introduced to
va rious Pacifi c Islands , w he re it lives usu all y in
close associa tion with human s, as do seve ral geckos .
It s su ccess ma y be du e to the lack of fossorial

Figure 569: Ramphotyphlops braminus (VARTC [agricultural
centre], Santa, Vanuatu, a ct. 2006, M. Pascal & a . Larvelec) .
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mammals on th ese islands, at least until recently.
Th e first ca p tu re on Gr ande Terre oc cu rre d in
1974. In Ne w Caled onia, R. braminu s was also
introduced to Mare in th e Loyalty Islands. The
impact of R. braminus on invaded eco syst ems is
no t ye t do cumented . However , co mpe tition with
e nde m ic Typhl opidae lik e Ramphoty phl ops wil
ley i (Loyalty Islands) , or Ramphoty phlops exocoeti
(C hris tmas Isl and, Australian territory) has been
su ggested. As no native Typ hlopidae have been
fou nd in Vanu atu , th er e is n o reason to ad d ress
th e possibility o f suc h an interac tion .

• •• Conclusion
No new spe cies was di scovered on San to by th e
"Fallows and Aliens" Team of the San to 2006 expe
dition. In addition, our stay was too short for us to
attempt to assess alien species impact on invaded eco
systems. We only have confirmed that these alien sp e
cies can reach high density in anthropogenic habitats.

However, the impact of Litmia aurea and Hemidactylus
frenaws has begun to be docum ented on other invaded
Pacific Islands , and th ese data must be taken int o
account when planning future investigations on Santa.

FOCUS ON INTRODUCED FISH

Philippe Keith, Clara Lord, Donna Kalfatak & Philippe Gerbeaux

Figure 570: Gambusia affinis .

Th e different survey campaigns led by th e MNHN
since 200 0 have recorded th ree alien fish spec ies in
fresh and brack ish wa ters from Esp eritu San to:

• The til ap ia Sarotherodon occidentalis (Daget,
1962);
• The gambusia GambHsia affini s (Baird &
Girard, 1853) ;
• The guppy Poecilia te ticuiata Peters , 1859.

All were introdu ced during th e 20th century.

• •• Introduction histories
The South Pacific Commiss ion (SPC) has led most
of th e Pacific fish introductions. Indeed , it used to
be though t that th e develop ment of food self-su ffi
ciency had to be based on aquaculture. Other intro
d uctions ar e due to the army, during th e WWll.
Other species have even been int roduced by fisher
men , or by orna me ntal fish-keepers .

Owing to th e til apias ability to act as a bi ologi
ca l co n trol (o n mosquito lar vae or on aq ua tic
vege ta tio n) , and becau se it is easy to br eed , sev
era l tilapi a species ha ve been introdu ced on many
Paci fic islands since 1950. The Mozambiqu e tilapia
(Oreochromis moss amoicus , (Pe ters , 1852)) , the first
to have been introduced , is naturally found in eas t
ern African rivers dischargin g in th e Indian Ocean .
It s di stribution stretches from lower Za m bezi

Figure 571: Poecilia reticulata .

to Algoa bay in Sou th Africa. It first appeared in
Java. A few ind ividua ls p rob abl y escap ed or were
rel eased from aqu ar iu ms , just be for e th e WWll .
Th en , owing to deliberat e or accidental introduc 
tions through ou t the w orld , this sp ecies became
cos mopoli tan. Much advertising, first by th e FAO,
th en by th e SPC, has led to th e es tablis h me n t of
thi s spec ies in thi s region.

In October 1955 ,40 tilapia co m ing from Manila
( p resu m ably O. mossamb icus) we re introdu ced
to New Ca ledon ia by th e SPC. Presumabl y, this
species th en co lo n is ed s trea ms and ri vers . It
wa s probably a t this tim e th a t anoth er tila p ia ,
Sarotherodon occidentalis, arr ive d . However , the
fac t tha t th e latt er sp ecies is present is a co n un
d rum . Ind eed , it s origina l geogr aphi cal area is
ve ry restrict ed in Africa. Mo reove r, th is species
h as n ever b een us ed for co m me rcial rearin g. It
was probably introduced w ith O. mos sambicus,
in d ivid uals from both sp ecies mi ght have been
m ixed. Sarotnerodon occidentali s wa s th en rap 
idly established th roughout New Caledon ia's run 
ni ng waters, and fro m Ne w Caledonia , was then
in trod u ced to Efa te and Tan na Vanuatu Isl ands.
Human s mo ved th is species to San to , whe re it is
accli ma tised . The dat e of arr iva l o f th e spec ies on
San to is un known .



Th e gu p py, P ret icui a t: a , is n a t ive to So u th
Ame rica . It can bear tem pera tu res under 15° C,
and ca n live in brack is h wa ters and even in
poorly oxygena ted waters . Thes e abil i t ies to
adapt to a ran ge of environmen ts , as we ll as rapid
sexual maturi ty an d h igh fecundity, have allowed
this species to co lonise the ent ire world. Poecilia
reticulata has widely been int roduced on all con
tinents. Indeed , n ot on ly was it use d to co n trol
mosquito larvae , it was also ve ry popu la r as an
ornamental , becau se males ba re brig h t co lou rs .
Americans ar e though t to h ave in trod uce d this
species during WWII to Van ua tu for m osquito
control. T h is guppy is n ow we ll accli ma tise d
on Santo , especially on the eas t coast an d in th e
swamps of th e centre of the island.

Th e gambus ia , G. affinis, is na tive to the so u thern
United Sta tes . This species was proba bly intro 
du ced with the guppy by the American army, also
to co ntro l mosq uitoes. It is no w found on San to's

TheNatural History of Santo

Figure 572: Sarotherodon occidentalis.

eas t coas t and in the northern parts of the isla nd .
G. affinis belongs to th e list of th e World 's 100
wo rs t invasive alien species published by the World
Conse rva tion Union.

FOCUS ON ALIEN LAND SNAILS

Olivier Gargominy, Benoit Fontaine & Vincent Prie

If one decides to co llect sna ils on Santo an d par
ticularly if one search es close to one's h ou se or
hotel, most of wh at will be found cou ld have been
collected in Haw aii , Tahiti or Jamaica. Indeed, the
land snail faun a of San to is to tally dominat ed by
introduced spec ies fou nd on most tropical islan ds.
Moreover, in some heavily dist urbed areas suc h as
the seco ndary fores t close to Luganville, no na tive
species rema in , whereas in troduced ones can be
very abundan t (Fig . 573) .

• •• Methods
At eac h collec ting site, we sea rched at gro und level
and in the vege ta tion (leaves, bark) for live sna ils;
th en leaf-litter and a few millimet ers of to psoi l
we re collec ted. We processed th is sample on-s ite
wi th a Winkl er sieve Cl cm mes h), checking th e
coarse materi al by eye for sna ils , then d iscarding
it. The remaini ng materia l was bagged and su n
dried as soon as possible. The moll us cs collec ted
alive were drowned ove rnigh t and fixe d in 95 %
ethanol. Once dried , the lea f-litt er was pa ssed
through 5 mm, 2 mm and 0.6 mm sieves . The two
larger fractions were thoroug hly sea rche d by eye;
the third one will be sorted lat er un de r a d issect
ing microscop e.

• •• Results and discussion
This introduced fauna coun ts on ly 13 species, all
recently in tro duced (Table 53 , Figs 574 & 575) .
This figure fits with th e ge ne ra l s i tua tion in th e
Pacific Ocean: most islands host between one to 20
alien terrest rial mollusc species.

Figure 573: In degraded forests around Luganville, the ground
is often littered with shells of introduced species, here Achatina
fulica.

Subulinidae , a famil y of cos mopolitan (subi tropi
cal snails , represent th e bu lk of int roduced species
on San to. Sublllina octane<, Paropeas achatinaceum
an d Allopeas graci le are among th e most com mon
sna ils found on th e island. The floor seldo m lacks
one of those spec ies at any si te and often supports

495 .
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Figure 574: Introduced land snails of Santo. A: Subulina octona alive, with two eggs visible inside the penultimate whorl of the shell,
Hiu, Torres Islands. B: Opeas hannense alive, Matantas, Santo. C: Allopeas d. kyotoense (= A. c1avulinum Auct.), Matantas, Santo,
h = 6.1 mm. D: Allopeas gracile, Matantas, Santo, h = 7.2 mm. E:Allopeas cf. oparanum, Port airy, Santo, h = 6.5 mm. F: Opeas
hannense, Port airy, Santo, h = 4.5 mm. G: Paropeas achatinaceum, Matantas, Santo, h = 11 .2mm . H: Subulina octona, Matantas,
Santo, h = 14.2 mm. I: Euglandina roseo, Peavot, Santo, h = 58.5 mm . J: Huttonella bicolor, Aore, h = 5.4 mm. Scale bar (shells
only) : 5 mm, x8. (Photos O. Gargominy).
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Figure 575: Introduced land snails of Santo. A: Subulina octona (same as Fig. 574H). B: Opeas hannense (same as Fig. 574F). C: Achatina
fulica, W Luganville, Santo, h = 96.9 mm. 0: Achatina fulica alive, same specimen as C. E: Euglandina rosea, Peavot, Santo, h = 58.5 mm.
F: Euglandina roseo alive devouring a Partula species, Tahiti, French Polynesia. G: Bradybaena sitniloris, Butmas, Santo, d = 14.5 mm.
H: Bradybaena similaris alive, Butmas, Santo. I: Veronicellidae, Penaoru, Santo. Scale bar (shells and slug only): 20 mm, xl. (Photos
o. Gargominy).

hundreds of shells, particularly in disturbed areas
-far more than any indigenous species (Fig. 576).
Subulinidae are the most common snails on Santo
and can even be found in relatively undisturbed
areas, such as the inner Cumberland Range.

Despite their abundance and large distribution, tax
onomy of the Subulinidae family remains confused,
with no recent revision. Moreover, introduction of
several species of this family throughou t the trop
ics has led to many taxonomic and nomenclatural

problems, because a species collected in differ
ent areas of the world could have received dif
ferent names, or the same name could have been
given to two different taxa collected in distant
areas. For instance, Allopeas oparanum was origi
nally described from Rapa, one of the most remote
islands in the world, where Subulinidae are defi
nitely aliens, and mentions of Lamellaxis clavulinum
from the Pacific are likely to refer to Allopeas hyo
toense. Thus, the names we use in this publication
may be provisional.
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1944

Date

Wherever it was int roduced , E. rosea
sp read ou t o f cu lt ivated a reas and
reached natu ral forests. Because E. rosea
is not a speci fic predato r of A. ju lica, it
fed on native sna ils, leading all endemic
Achatinella from Hawaii to the verge of
ex tinc tio n , or eve n eli mina ting th em .
In the course of a few years , the island
o f Moo rea in F ren ch Po lynes ia was

to ta lly in vad ed and seven ende mic Partul a spe
cies disapp eared . Nowadays , almost all Polynesian

1925 (1925)

1958 (1958)

1958 (1958)

1944 (1944)

2006 (1903)

1943 (1895)

1943 (1903)

2006 (2006)

2006 (2006)

2006 (2006)

1968-19697 (1967)

1982-19837 (1973-1974)

Species

A,hal;na ialica Bowdich, 1822

Average
(7 samples)

km

o 10

o

100

200

Nb. of specimens
per liter of soil

500

300

400

Subulinidae

Subulinidae

Streptaxidae

Subulinidae

Oleacinidae

Bradybaenidae Bradybaena simikuis (Ferussac, 1821

Veronicellidae AngusJipe plebeJUs Fisher, 1868)

Veronicellidae LaeVlcault alte (F russac, 1622)

Veronicellidae Semperulo wollacel (Issei, 1874) 3

Subulinidae

Subulinidae

Subulinidae

Achatinidae

Family

Figure 576: Introdu ced vs native species: introduced species
dominate the fauna in human impacted areas (mainly near the
coast) wh ere they seem to replace native ones almost.

Table 53: Terrestrial alien snail species recorded on Espiritu
Santa Island (Vanuatu). Date : date of first specimen in collection
or date of first publicati on for Santa Island. Between brackets
are dates of first record for Vanuatu. IUCN worst list: species
that are listed in the IUCN 100 worst alien species. 1: usually
recorded as Opeas pumi/um in the Pacific. l : usually recorded
as AI/apeas c1avulinum in the Pacific. 1: described from Santa
as Semperu/a solemi by Forcart, 1969.

Beside Subu linidae , th e Santo alien mollusc fauna
includes two fam ous species listed in the IUCN 100
wors t alien species : the rosy wo lf snail, Euglandina
rosea, and th e giant Africa n sna il, Achatina jttli ca.
Indeed , the introduc tion of the giant African snail
and the subse quen t introduction o f th e predator y

ro sy wo lf s na i l a re a
IUCN fam ou s exa m ple o f a

worst list biological control pr o
-----+-- - - - - - - - - - - - - &--------+-- - -- -1 gram that has led to th e

decline and extinction
of dozens of endemic
land snail species in
Pacific Islands. Achatina
julica, native to east
e rn Africa, is a large
species that can rea ch
200 mm in length .
Si nce th e beginning
o f th e 19th cen tury, it
has been introdu ced
to most islands locat ed
b et w e en 30° N a n d
300S, and even to conti
nental areas (Fig. 577) .
I t r ea ch ed th e m ost
remo te is lands during
and after the WWll due
to bulldozers, devel
opme n t and maritime
trade increase. When

estab lishe d, the giant African snail
popu lations increased rapidly due to
the lack of predato rs and pathogens
and becam e a major agricul tural pest.
A well -in tentioned but ill-con ceived
biological contro l effort was planned to
co ntro l these populat ions. It co nsis ted
of introduci ng sna il pr edato rs suc h as
Gona.x:is spp. and, more often , E. rosea.
This la tt er spec ies, nat ive to so u th 
ern Nort h America , was introdu ced
to Hawaii in 1955. Hawaii the n Gu am
played the role of stepping-s tones, and,
during the 1960s an d 1970s , the spe
cies was in tro duce d to the mo st iso
lat ed Pac ific Islands , wh erever people
complaine d about damage caused by
A. juJica (Fig. 578) .

Euglandina rasea Fer1JS5<lC, 1821)

Huttonella bieolor (nunon 1834)

Allopeas graCIle (liunon 1834)

A/lopeas opatatun» (L. Pleiffer. 1846)

Paropea; achatinoceum (L. ~ellfer , 1846
'------11

Opeas hannens Rang, 1831 I
1-- - - - 11

ubI/lino octona ( ruguiere, (792)
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Figure 577: The spread of Achatina fulica around the world. Grey area: native range.

-- .J--- 1960-74
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Figure 578: The spread of Euglandina rosea around the world. Grey area: native range.

islands are in vaded, and 55 ende mic Partula spe
cies disappeared in only 20 years , while 10 others
are following th e same path. While those extinc
tions happened , A. Juli ca remained abundant,
E. rosea having no impact on its demography. To
date, the number of ex tinc t snail spe cie s (302
according to the 2007 IUeN Red List ) is greater

than the number of terrestrial verte bra te extinc
tions (271), mainly bec ause of th e disastrous
impact of E. rosea on th e unique sna il fauna of
Pacific Islands . Moreover, impact on minute spe
cies that are the bulk of the native fauna, but are
overlooked by most naturalists , is completely
unknown.

499 .
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E. rosea was introduc ed in 1982 or 1983 to San to by
a Bob Wh eeler , quarantin e of ficer, who was asked
to find a way to erad icate A. f ulica. Excep t for this
species , mos t mo llusc introducti on s proba bly were
acciden tal on San to : eggs or eve n fully -grown adults
are easily t ransp ort ed wi th soil , moss or vege ta
tion s pread by hort icultural and agricultural tr ad e.
However, Saruo was an importan t American base
during th e \VWll an d transport o f military equip
men t (in particular veh icles, which can have soil on
their whee ls or tracks) has pro bably helped spread
several alien species .

After habi ta t loss , in troduc tions are the second most
significant cause of species ext inc tion throughout th e
word and particularly on island s. Alien species eithe r
prey on native ones or compete with the m, causi ng
th eir decl ine and eventual ex tinction . These mecha
nisms are en hanced by habitat degradation , which often
favours the settl ement and dominance of alien species.

• • • Conclusion
T h e re is virtually n o way to remove a su ccess
fu lly es tablish ed alien snail species, except in very
res tr icte d areas such as is lets or exclosures . In th is
co ntext, the only action that could (a nd should) be
take n is preve n ting fu rther int rod u cti ons through
ra is ing public aware ness a nd r igoro us co n tro l in
ports a nd airports . In Hawaii, one new al ien spe 
cies is introduced every year. It is important to keep
excluding new introduct ion s, especially since in tro
duc tio ns are not inevitabl e: some Pacific island su ch
as Fiji have succeeded in avoi ding invasion by A.
fulica. Fau nas and floras th rough out the wo rld are
becom ing homogenized: some alien mollusc species
suc h as Lamellidea pusilla, Ac1Jatina f lllica, Allopeas
gracile or SlIbltlina octona, all fou nd o n Sa nto , are
present o n nearly every Pacific island . W ith rats ,
flies and subu lin ids repl acing nat ive species in th e
remotes t islands all over the wo rld, it is important
to try to avo id further introdu ction s .

ENDEMIC, NATIVE, ALIEN OR CRYPTOGENIC?
THE CONTROVERSY OF SANTO DARKlING BEETLES

(INSEaA: COLEOPTERA: TENEBRIONIDAE)

Laurent Soldati

Am ong Co leoptera (Greek, kol eos = s heath, an d
pteron = wing ) , the m os t speci es-rich orde r of
insects with more tha n 300000 known spec ies, are
Ten eb rio nid ae o r darlding beet les , with c. 19 000
descri bed spec ies.

Dark ling beetl es are globally d istributed, but many
of th em a re xeroph ilous and abo u n d in arid and
desert areas , whe re they are the mai n rep res en tatives
of th e beetles and eve n of all the insects . In tropical
areas, th ey can occur nearly everywhere , eve n whe n
local species r ich ness is ve ry low, but th ey can be
locall y abu nda n t, especially where decaying matter
like rotten wood, dea d leaves or litter is present.

Th e te ne brionid represent at iv es a re mainly
saprophagou s , but poor envi ronm ental co nditions
often make the m opp ort u nist. Thus , th ey can b e
mycophagous (Platydema, Toxicwn), psichaphagous
(Tri bo!ium) , rare ly necrophagou s and even occasion
all y pred ators . Some cases o f can ni balism have been
observed in the lar vae. Severa l species are sy nan
th rop ic, and some are s tored- products pests , mainly
of cereals (barley, co rn , oat. .. ) and th eir de rivatives
(flour) (Triboliwn spp .) . In tho se cases, they can be
of economi c importance. Most tene brionid beetles
are no cturn al or cre puscular.

• •• Material and methods
Members o f th e "Fallow &: Alie ns" team o f th e
Sa n to 2006 expedi tio n, focused m a in ly on the

balance bet ween na tive and introd uced species in
several habitat s of San to Island . Fo r th is purpose ,
three d ifferen t areas showing an inc reas ing hu man
infl uen ce we re s tudied :

• The firs t area is loca ted in the su rr ou ndings of
Luga nv ill e (South-East o f San to ) on th e lan ds
of the CETRAV (Centre Technique de Rec1Jerches
Agro nom iques dll Vanua tll). H ere, sin ce the
begin n ing of th e 20 th century, Europ ean agri 
culture an d br eedi ng has turned natu ral hab i
tats in to fields , huge coconu t pl antations a nd
meadows;
• Th e second area studie d is t h e Vatthe
Conserv a tion Area (Big Bay) , where there is a
mix tu re of natural and sec on dary forest ;
• The last area and the least affected by hu man s
is Bu tmas , a small village located in the centre
o f the island, where the ra in forest is sti ll we ll
prese rve d .

Abo u t 25 Ten eb rion idae spec ies we re collected
dur ing the one mon th the "F al low &: Alie ns"
team spe n t in Santo . Th is m aterial clearly shows
a ma in (and forese eabl e) result: the speci es ric h
n ess obv iously de creases from the first in vento ried
area to the third and las t one. Th is decrease can be
explaine d by th e fact that human act ivi ties and se t
tlem en ts favour severa l an ima l s pecies, especia lly
insects . The int rodu ction of many plants a nd ani
ma ls strongly modified native ha bi ta ts (agricu lture,
b reed in g , p lantation and ornam en ta l p lants .. . ) .
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Figure 579: Tribolium castaneum. (Photo L. Soldati).

Figure 580: Brachyidium irroratum. (Photo L. Soldati).

Commercial or trade routes not only introduced
foods, but also their pests and parasites. Moreover,
several parts of the island, especially in the south
east, were greatly modified during WWII, when US
Army and Air Force logistic and operational bases
were established. Recent tourist activities also have
an impact on the island's biodiversity. By contrast,
traditional Melanesian places like Butmas, which
are less accessible were far less perturbed. But this
does not necessary mean that all tenebrionid spe
cies collected there are native.

• • • Difficulties in interpreting the
biogeographical origin of the species

The major question connected to the "Fallow &
Aliens" project regarding Tenebionidae is: among
the 25 species collected by the team, which ones
are native and perhaps endemic species, and which
ones are aliens? Answering this question requires
the availability of paleontological, archaeological or
historical ancIJor biogeographical data. For Vanuatu
and more precisely Santo Island, there are neither
paleontological, archaeological nor historical data
devoted to Tenebrionidae. With respect to the bio
geographical aspect, there are no monographs or
other contributions on the Vanuatu Tenebrionidae,
except for two original descriptions written by
German authors. The first one dates from the early
1950s and is the description of Thesilea mallicolen
sis from Mallicolo Island by Kulzer in 1951, and
the second one is the description of Corticws levis
by Bremer in 1993. Finally, in the introduction to
his fauna of New Caledonia, Kaszab summarized
in 1982 the tenebrionid component of the entomo
logical fauna of Vanuatu and mentioned a few spe
cies such as Brachyidium irroratwn, without further
details.

I have chosen four species, among the 25 collected
in San to, in order to illustrate different issues
encountered when I attempted to establish their
status as native or alien to Santo .

••• Tribolium castaneum (Herbst, 1797) (Fig. 579)
Tribolium castaneum is a cosmopolitan or sub-cosmo
politan species and one of the most important food
grain pests worldwide. It is known to infest rice, corn,
bran, maize, barley, sorghum, millet, manioc, tapioca,
yam, dried fruits, peanut, cacao, nutmegs, pepper,
ginger and different kind of flours. This species can
also greatly damage entomological collections I

A single specimen was found in Luganville,
CETRAV in Saraoutou, the locality most heavily
disturbed by humans among those inventoried by
the "Fallow & Aliens" team.

The species of Tribolium that have become pests of
stored products have been widely distributed by man
for a very long time. It is believed that 1. castaneum
originated in the Oriental (Indian") region, while
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other Tribolium belonging to th e same spec ies-gro up
(e.g . T madens (Charpen tier, 1825) , T. waterhousei
Hinton , 1948 .. .) seem to be of an Indo-Austr al ian
origin . In fact , at present , noth in g ca n be cle arly
est ablished for su ch insects , which are int rodu ced
and often established worldwid e.

••• Brachyidium irroratum (Fauvel, 1867) (Fig. 580)
Bra chyidium irroratum is known from New
Caledo nia , th e Loyalt y Islands and New Hebrides
(Vanua tu) . Seve ra l specime ns we re recently co l
lected (November 2003 ) on Vaniko ro Island (San ta
Cr uz gro up of th e Solomon Islands) by my friend
and colleague H.-P Aberlenc (Cl RAD) .

On Sa n to , B. irrora tum was foun d only a t th e
isola ted Bu tmas si te , in the centre of th e isl an d
(Bu tmas, ra in forest , 21. X.2006, light trap , L.
Solda ti leg) . As thi s small Melan esian village is very
far from th e island main track netw ork, and because
this sm all insect does not feed on cultiva ted vegeta
bles or fruits , and conse que nt ly is absen t from plot
crops , there is n o chance that human activities hav e
favoured its disp ersal. Mor eover, eve n if it is abl e
to fly (but perhaps not for ve ry lon g dist an ces) , B.
irroratum lives mainly on th e gro und and probably
feeds on leaf litter, humus or othe r decayin g plant
matter. Though establishing th e en tire distribution
range of this species is difficult becau se it is not
easy to coll ect , th e conditio ns in which spec ime ns
were captured in Santo s tro ngly su ggest th at it is
native to th e island .

••• Corticeus (Cnemophloeus) cephalotes Gebien , 1913
(Fig. 58l)

This insect has an unusually wide dis tribution. It is
kn own from the major part of Sou th and Southeast
Asia (Indonesia , Philippines, Vietnam, Thaila nd and
India) , from New Guin ea and probably th e who le
Melanesian Arc, and from Northern Aus tralia and the
Comoro Islands. This dist ributi on explains why it was
described seve ral times under different names, even
by th e same au thor! The lee to type of C. cephalotes
was collec ted in Taihori n (Formosa) and the follow
ing synonyms are presen tly know n:

• Hypophloeus cornutus Pie, 1914 , from Malacca;
• Hyp ophloeus cornutus var. subcastaneus Pie,
1914, from Andaman Island ;
• Hyp ophl oeus pal aw anu s Pi e , 1945 , from
Palawan ;
• Hypophloeus andaiensis Pie, 1946 , from New
Guinea;

C. cephalotes has also bee n collec ted by my friend
and colleagu e H .-P. Ab erl en c durin g th e 2003
Vanikoro ex ped itio n (Sa n ta Cruz gro u p of th e
Solomon Islands) .

On Espiritu San to , C. cephalotes was found und er
bark in an ecotone between seco nd ary rainfores t
and the coffee tree plantat ion of Saraou tou.
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Figure 581: Corticeus (Cnemophloeus) cephalote s.
(Photo L. Soldati)
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Figure 582 : Corticeus (Cnemophloeus) levis.
(Photo L. Soldat i).

. 5)2



Many Corticeus species have huge distributions,
especially in the lnd o-Paci li c region. As these
insects live under the bark of dead or decaying
trees, it is improbable that human activities play an
important role in their dispersal. Tropical storms
and floating wood are probably major dispersal
agents. Dr. H.]. Bremer, a world specialist of the
genus Corticeus, emphasized that specimens could
be transported over long distances by typhoons as
aerial plankton. Because the huge range of this spe
cies is probably due to natural agents, and because
Vanuatu belongs to the Melanesian Arc, which
is highly likely to be part of the native range of
the species, it seems reasonable to consider C.
cephalotes as native to Santo.

00' Corticeus (Cnemophloeus) levis Bremer, 1993
(Fig. 582)

Species described from a single specimen, sex
unknown, collected in "Malao village in the Big Bay
Area, Santo, Vanuatu, 6-16 Sept. 71", (Holotype in
South Australian Museum, Adelaide).

This species has never been mentioned since the
original description, until the present expedition.
Many specimens were collected in the same area as
the holotype, under the bark of a large dead trunk
lying on the ground in the Vatthe Conservation
Area (Matantas, Big Bay). This rich sample allowed
me to confirm that C. levis is a valid species and
that Bremer was right to assign this species to the
subgenus Cnemophloeus Brerner, 1998. Because of
the restricted known range of the species, C. levis
can be considered endemic to Santo ... until evi
dence shows otherwise!

The Natural History of Santa

• •• Conclusion
These few examples illustrate the difficulties we face
trying to answer the question of alien or native for
taxa living on islands or in archipelagos. It is even
more difficult when the systematics of some insect
groups, such as Tenebrionidae, is still unclear, as
there are sometimes great difficulties in identifying
the different taxa, even for specialists. For Vanuatu,
the nearly total lack of references makes the study
even more difficult. Comparison with data from
adjoining areas like New Guinea, Fiji or New
Caledonia proved to be very helpful, but not suf
ficiently in several cases. It is highly probable that
many Tenebrionidae have a large distribution over
the Melanesian Arc and could therefore be consid
ered as native to many islands of this region. The
main problem in documenting this hypothesis is the
collection of specimens. Performing such exhaus
tive collection is quite impossible because the
lack of knowledge of the biology and behaviour of
many taxa impedes the sampling effort. Moreover,
Vanuatu has been insufficiently inventoried from an
entomological point of view. Finally, several species
are really rare.

One of the major purposes of the Santo 2006 expe
dition was to realize the most complete inventory
of the animals and plants of Santo, and the results
will contribute to the general understanding of the
origin and history of the island flora and fauna. But,
for many species, establishing their local status as
endemic, native or alien will probably long remain
a question without a definitive answer. This situa
tion gives a major role to the cryptogenic uncom
fortable status.

THE CASE OF TWO INVASIVE SPECIES:
MIKANIA MICRANTHA AND MERREMIA PELTATA

The impact of exotic species on biodiversity, espe
cially in the case of island ecosystems, was taken
into account in the Convention on Biological
Diversity (CBD). Biological invasion is regarded as
the third most important cause of biological diver
sity loss, after habitat destruction and excessive har
vesting. The CBG therefore notes that any voluntary
or involuntary introduction could impact entire
ecosystems and the survival of indigenous flora
and fauna. In addition to biological considerations,
those who drafted the Convention were also aware
of the significant socio-economic implications of
introductions involving allochthonous species.

Research on exotic species that pose a risk is
important, as is monitoring in natural environ
ments, but increasing public awareness is critical.
The most striking example is surely the water hyacinth,

Marc Pignal

Eichhomiacrassipes (Mart.) Solms, which is a member
of the family Pontederiaceae and native to Brazil. The
beauty of its colorful inflorescences led to its introduc
tion in water bodies throughout the tropics. But these
introductions turn out to have been most unfortunate
because the vigor of this species and its rapid reproduc
tion rate have made this plant the primary scourge of
rivers everywhere in warm parts of the globe.

Pantropical invasive plants are the subject of moni
toring in most country, and even within native eco
systems. Within the Pacific region, PIER (Pacific
Plant Ecosystems at Risk) is in charge of compila
tion and dissemination of information on invasive
exotic species. Several organizations and programs
devote their efforts to this question and produce
documents aimed at the general public. The
Invasive Species Specialist Group (ISSG), and in
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Figure 583 : Mikonio micrantho, flowers .

parti cular the Pacific Invasives Initiativ e (PU) pro
gram, will be cited frequent ly in this article .

Insular floras, with high p rop orti on s of endem ic
sp ecies , are particularly sensitive to invasive exotics .
Th e problem of invasive species in Vanua tu can be
illus trated by two examples , Mihcmia micrantha and
Merremia peuata , who se impac t may at first appea r
si mila r (eo-occu rrence with both autoc hthonous
and cultiva ted sp ecies ) , but th ei r or ig in a nd th e
dynami cs of their inv asion are radi cally dilfere.

Paradoxicall y, th e locals use the same local name ,
lianes americaines, for bo th . However, farm ers and
people living in forest ed areas make no confusion
and are able to distingu ish bo th spec ies morpho
logically and semantically.

•• • Mikania micrantha Kunth ex H.B.K.
T h e Asteraceae family, to w hic h M. micrantha
belongs , is certainly the large st one , with ca . 1100
ge ne ra and 25000 spe cies . It is cos mopo li tan and
occ upies all stra ta within var ious vege tat ion types ,
from herbs and shrubs to lianas and trees. Numerou s
Asteraceae spe cies present problems for agriculture .
In temperate areas, thi s is th e case fo r dandeli on
(Taraxacum officinale L ), and in the tropics, amo ng
many examples, on e could ment io n Wedelia trilo
bata (L) Hitchc. and espec ially M. micrantha.

Mihania micrantha has rudimentary capitu la com
prising four white florets (Fig. 583 ). It has oppo
site leaves that are soft and hea rt-shaped , and lack
an y type of indument. Th e flowers , eac h 3-5 mm
lon g, are arranged in terminal or ax illa ry coryrn bs.
Individual florets are white to gree nish-white . Th e
seed is black, linear-oblon g, five-an gled and abo ut
2 m m long . The M. mi crantha s te m is flexibl e ,
break s eas ily, and can produce adve nt itious roots.

••• Environmental impacts
This speci es in vad es natural ec osys tems and is
also a seri ous pes t in var ious kinds of pl ant ati on ,

Figure 584: Merremio peltata, flowers .

including cocoa, coconu t, and oil palm. Cock and
coauthors cited "In 1981, about S %of the total weed
control costs in rubber and oil palm plantations were
directly attributable to control of M. micrantha; this
amount ed to about 10-12 million Malaysian Ringgit
(approx. US$ 3 million at the 2002 exchange rate)" .
In Quee ns land , Aus tra lia , thi s spec ies is listed in
Class 1 in th e "Rura l Lands Protection Act", and it
has also been included in th e ISSG's list of th e 100
most invasive spec ies in the wo rld .

In Vanua tu , while the availab le data are sketchy, we
encountered M. mtcraruha in all of the human-mod
ified area visited , inclu ding CRTAVs cultivated plots ,
gard ens , clearings, forest openings and secondary for
ests at Butrnas, and old secondary forest at Vatthe.

••• Modes of di sp ersal

• Dispersal by seeds
As in man y gene ra of thi s family, Mihan ia is anerno
chorous, in o ther wo rds , it is wind disp ersed . Its
see ds , or more precisely, its sm all , dry fruits known
as achenes, are crowned by a plume and can tra vel
several kilo me ters and pass th rou gh areas tha t are
impenetrabl e to ma n. As a conseque nce , th is plant
can occur in inaccessi ble rocky areas and in open
ings in the deepest part s of the forest.

Botanists who prepa re herbarium spe cimens know
very well this anoth er bi ological cha racteris tic of
M. micrantha: wh en collected in [l ower, this species
taps its last reserves to develop fruits even after being
cut. This feature has an impa ct on mechanical control
efforts , ma king it necessary to kill the plant s as soon
as the y are cut and piled up in orde r to ensure that
fruits do not develop and subsequent ly disperse.

• Vegetative di sp ersal
The ability of M. micrantJw to pro duce adven titious
roots , comb ined with the fragility of its s tems , are
two biological charac teris tics which increase greatly
its dispersal capability as eve n the sm alles t piece
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Figure 585 : CETRAV, agricult ural field invaded by Merremia pe/toto.

with a single node is capable of de velop ing into a
fu ll pla n t. Clearing can th us actually increase the
risk of dispersal unless it is don e wi th great care .

0 0 ' . Methods of control

• Up rootin g
Hand cleari ng , men tioned earlier, is only prac ti
cal in s mall are as, and even in th e case of gar dens ,
M. nuc rantha is practicall y impossi ble to era d icat e ,
for th e reasons outlined above . Mechanica l up roo t
ing which is performed in agricultural si tua tions is
the mos t wide ly used and easily employed method
because the stems of Mihania are flexible, but man y
ste ms remain on the gro u nd .

• Chem ical con tro l
This species is sensitive to numero us pesticides , in
particular 2 ,4 D. H owever, the PIER suspec ts that
M. micra ntna is cap abl e of re-spro u ting from the
base after chemica l trea tme nt.

• Biol ogical control
Severa l p rosp ects are be ing developed , fro m th e
parasi tic fungus Puccinia spegazzinii De Ton i, native
to South America (several p rojects ar e ongoing) to
the use of Cuscuta . W hil e th ese meth ods sh ou ld
be used with cau tion as th ey involve int roduc tion
of ano ther liv ing org anism , with all the risks tha t
entails , they nevertheless rem ain promising.

••• Origin
Appare ntly M. micrantha has been in tr od uce d in
Santo duri ng the vVWIl. Discussions with villagers
confirmed that th is species appea red at that time ,
proba bly via int roducti on wit h organ ic ma tter. Th is Figure 586: Vatthe, tree of second grot h forest covered by

Merremia pe/toto.
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Figure 587 : CETRAV, old agricultural parcel covered byMerremia peltata.

explains its local nam e, liane arnbicaine or American
vine, as well as the legend th at it was int roduced
as camoufl age for militar y installations. However,
despite th e efficiency of m ilitary planning and the
rapid growth potential of M. micrantha , it efficacy
for protecting such installations nevertheless seems
doubtful.

• • • Merremia peltata (t.) Merr.
The family Convolvulaceae comprises 50 gen era
and 1500 species, m any of which ar e cree ping
adventive lian as in gardens and agricu ltural fields.
In orname n tal gardens , members of this famil y can
often be diffi cu lt to co n trol. In Vanuatu , seve ral
species are found in human-modified areas and can
have an impac t on secondary zones. How ever, only
one species , Merremia peltata, imp acts both the na t
ural environme n t and crops .

••• Brief botanical description
Merremia peltata is a robust liana with al te rn a te,
sim ple, co rda te to orbicu lar , p eltate leaves with
an ob tuse to s hort -ac um ina te apex and very ev i
dent ve na tio n . The flexi bl e s te ms ex ude w h ite
latex . Inflo rescences can have more th an 10 fun
nel-shaped flowers that are white or rarely yellow
(Fig. 584) . The fruit is a capsu le about 1.5 cm in
diameter tha t opens at matu rit y to form lanceolate
valves that release brown , pilose seeds .

•• • Mode of di spersal
In 2006 , Paynter and coauth ors in their report on
M. peitata , m entioned th at i t is regarded as th a
lassocho rous , i.e. th at it's se eds are tr ansp orted
by th e sea.

•• • Effect on ecosys tems
In dividuals of M. peltata can reach 20 m in length
an d can occu py large areas (Figs 58 5 &: 58 7) . In
understory of human-modified areas, it can invade
al l st ra ta, and its s tems and root s ca n carpet th e
gro u nd . Field obse rva tio ns rev eal up to 70 rhi 
zomes per square m eter. The th ick, twin ing s tems
spread toward forest openings produce d by natu ral
tree-fall, cyclones and human ac tivi ty. Ultimat ely,
thi s liana co vers th e canopy (Fig. 58 6), coveri ng
th e surro unding trees an d crus hi ng them under the
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weight of its branches and leaves. Once established,
it appears impossible to get rid of this plant, and
all the elements seem to be in place for expanded
colonization. However, reference is made that pio
neer species such as Pometia pinnataj.R.Forst. &
G.Forst. (Sapindaceae) are able to resist the M. pe/
tata invasion (see the entry for this species in the
ISSG database at: http://www.issg.orgldatabase/spe
cies/ecologyasp?si=163&fr=1Srsts).

Merremia pe/tata can be found in all heavily human
impacted habitats (Fig. 588), but it is infrequent in
better conserved forest areas. It takes advantages of
all types of environmental modifications, includ
ing some that are not of human origin. Schmid, in
his study of western Melanesian vegetation, indi
cated in 1987: "The destructive effects of frequent
cyclones have an important influence on the evolu
tion of vegetation". At Butmas, a site was observed
where Merremia had become established following
a cyclone five years ago and has persisted since.

••• Methods of control
The mechanical and chemical control methods men
tioned above for Mikania are also recommended for
Merremia. Intensive pasturing is also used to elimi
nate this species. Preventive control that aims to

avoid the introduction of Merremia and the dispersal
of fragments, as well as the disturbance of natural
habitats, is also recommended. Research has also been
conducted in Samoa on the use of biological control
involving the introduction of species resistant to can
opy suffocation, such as Ylang-ylang and Cananga
odorata (Larn.) Hook.f. & Thomson. The use of a
pathogenic fungus, Glomerella cingulata (Stonernan)
Spauld. & H. Schrenk, an anthracnose present in the
Pacific, could also be an effective means of control.

••• Origin and native area of distribution
Is M. peltata native or notsio Vanuatu? The ques
tion is under debate. Its' distribution area is
large, encompassing the entire inter-topical zone
from the western Indian Ocean (Madagascar and
the Mascarene Islands) through Sumatra, Java,
Timor, and on to Australia. Merremia is present in
West Pacific Islands, reaching its eastern limit in
Samoa. PIER provides a detailed summary of its
~ccurrence in the region based on the published
litera tu re (see: http://www. hear. org/pier/species/
merremia_pel ta ta.h trn).

Depending on the author and the island, M. pe/tata
is considered to be indigenous or introduced, some
times long ago by the local inhabitants. In reality, it
is difficult to date the arrival of this species when
it is invasive, and it statue as native or not must be
decided with a great deal of caution.

Strictly speaking, no element of the flora or fauna
of an oceanic island can be regarded as truly indig
enous. What matters is when a species arrives
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and the perturbations it causes on the ecosystems
present at that time. In the case of M. micrantha,
whose date of arrival and the fact that it was intro
duced by humans leave no doubt, it is clearly not
indigenous. An allochthonous origin for M. peltata,
on the other hand, is much more doubtful.

Has Merremia been present in Vanuatu for a long
time? To date the answer is not clear. Data collected
on local names in the Butmas area indicate that
recently arrived plants do not have a name in the
language of this village (ati or Butmas-tur), and local
residents principally use the name in Bislama. In the
case of M. peuata, the name used locally is Atdraveri,
which differs from the Bislama name (big !if).

The published literature and label data on herbar
ium specimens provide no additional information
on this species, and it is difficult to evaluate the
impact it has had or the surface area it has occu
pied on Santo in the past. However, Levat collected
it in 1883 at Port Yila, indicating that it occupies
large areas: "Croit sur les coteaux partout sauf dans
les vallees sablonneuses du bord de la mer. Atteint
dans les alluvions de l'interieur des proportions
gigantesques. Envahi des plaines enueres et couvre
les plus grands arbres".

Merremia peltata is not among the first collections
made on Santo by Campbell in 1872 and 1873, and
later by Quaife in 1902 and Aubert de la Rue in
1936. While these botanists made only about 30
collections each, they were mostly of species typical
of human-modified habitats, such as Sida rhombifo
!ia, Ocimum basilicum, Euphorbia hirta, Boehmeria
platyphylla, Cenchrus calyculatus, etc. If Merremia
had been present at the time, it seems hard to imag
ine that they would have missed it.

The first time this species is mentioned was in
Hog Harbour in the 1934 material collected by
Mr. and Ms. Baker. Today, Merremia peitata is
present throughout this part of the island. In
1948, it was also cited on the islands of Epi and
Elate. Guillaumin does not report the presence of
Merremia peltata in other nearby island and archi
pelagos, including New Caledonia, but does indicate
that it occurs in Tahiti and Malaysia. Just because
a species is not cited as being present somewhere
does not mean that it is absent from the flora, but in
the case of Merremia, which is so abundant, it can
hardly go unnoticed.

More detailed studies especially in sediments will be
required to assess when M. peitata reached Santo. It
is not out of the question that this took place prior
to the first human colonization of the archipelago,
in which case M. peuata would be a model illus
trating the aggressiveness of a non-exotic species as
a consequence of perturbation of its native habitat
rather than as a result of its introduction.
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FOOD-GARDEN BIODIVERSITY IN VANUATU
Sara Muller, Vincent Lebot & Annie Waiter

••• A brief typology
of Vanuatu gardens

••• Rain-fed gard ens
The Melanesian rain -fed gard en uses
a small plot (500 to 2500 rn' ) opened
by clearing an d burning the forest
cover (Fig. 589). Long rotation cycles
in clu de a lengthy fallow per iod of
seve n to 30 years , or more, de pending
on local access to the land . It is there
fore nece ssary each year to clea r a new
garden within high , regrown trees and
th en to fell and burn the woo dy spe
cies. Roo ts or vege table rema ins are
eliminated by burning. Generally no

organic ma tter and no trees exce pting fru it trees are
left on the plot. However, minerals resulting from
comb us tion seep in to the grou nd in rainwater. The
plot , rough ly delimited by curtains of trees , is not
plowe d, bu t holes are du g for every plant, usin g a
stick or a clearin g knife. With in-garden organiza
tion varies from one island to another. Gener ally,
taro or yarn co mes first in the cro pping cycle. The
former are generally planted in wet gro u nds of
the interior forests (Fig. 590) while the latter are
plante d on drier coastal slopes. The ground is loos
ened before planting the propagules (taro head-sets
or sma ll yarn tu bers) in to holes with grea t care.
The so il is then buttressed nicely aro und the tuber
an d here again , th e mounds vary in shape an d size
from one island to another and from a local group
to another. Constructing the mounds crushes the
ground aggregates and distu rbs the galler ies of
insec ts and worms or remain ing roo ts. Th e vege tal
remai ns or debris are remove d from the garden in
order to avoid the formation of rodents' nests and
bacterial or fun gal con tamina tion of the crop s.

A few months lat er, th e seconda ry spec ies are
plante d: sugarcane (Sacchamm officinarum), naviso
(Saccharum edule), island cabbage (Abelmoschus
manihot), corn (Zea mays) , onion (A llium cepa var.
cepa), kava (Piper metny sticum) and recentl y in tro
du ced vegetable species. Various spec ies of fruit trees
are plante d aroun d the plot in addition to those that
were preserved from clearing during the initiation
of the garde n. Such trees in clude banana , papaw
(Carica papaya), breadfru it (A rtocarpus altiUs) ,
cu t-nu ts (Barringtonia spp .) , and man y Citrus . The

Figure 589: Typical landscape of the interior valleys of south
Santo (here in the valley of Navaka River). In the background, a
new taro rain garden has just been slashed and burned.

organization of the species within the plot is primar
ily based on agronomic goals . The noble species ( taro
and yarns) are placed in the centre , i.e. most distant
from the surrounding forest curta ins, while the tall
est spec ies - island cabbage, corn, manioc (Manihot
esculenta)- are plan ted around them as windbreaks.
But organization is also based on cultural criteria,
as is shown by the int ercropping of kava between
yam tubers in so me garde ns of Pentecost. Finally,
coloured spec ies such as cordyli ne or croton are
added for decorative or magic purposes.

Formerly, each plot in rain-fed cul tivation was used
approximately three yea rs before being left fallow.

Figure 590: Taro rain garden at the village of Lolosori on the
island of Ambae.



However, th e garden continued to be exploited:
kava, bananas , residual tubers , fruits and nuts, which
conti nue to be produced naturally, are the n harvested
in the fallows . The re-use of th e plot is evaluated
acco rding to the grow th of fast-growing woody spe
cies. This very powerful sys tem requi res the annual
open ing of a new garde n to provide the so il fert ility,
which the demanding yams require. However, the
fallow period is generally much sho rte r nowadays ,
mainly because of increasing pressure on lands.

••• Ir riga ted gardens
When the environment is not appropriate for the
majo r cultivated species, as is the case in the dry zones
for socia l groups having taro as main crop, the hor
ticulturists radica lly transform their environment in
order to adapt it to their favorite crop . Large irriga ted
comp lexes are established (Fig. 591) on the western
coast of Santo bu t also in the Banks Islands, Maewo,
Ambae and Pen tecost and formerly on Aneytium in
sou thern Vanuatu , In pondfield systems, the water
is diverted from rivers upstream through long chan
nels dug into the ground or using bamboo pipes , and
thus kep t constan tly flowing. The ground released by
slashing and burning is arranged in success ive ter
races that follow the slope line. They are delimited by
low walls and communicate with each other by small
outl ets through the walls. The main inlet is locat ed
upstream on the highest terrace. The water then
flows out downstream grad ually from one pond to
another. Along with taro , second ary plan ts - inclu d
ing many frui t trees (taken from wild or domestic
sto ck) - are often grown on the low walls.

Th e irrigated pon dfields are cultivated for many
years . Actua lly, new terraces are buil t downstream
each year while others are left fallow ups tream . Th e
hydrauli c sys tem then mu st be reba lanced . Th e
reason s a new pondfield is dug are generally related
to a decrease in yields or to a specific requiremen t
for prest igiou s taro, in an ticipa tion of a ceremony
(an easy way to restore ferti lity after a sho rt fallow
period is to remove th e mud from the pond field
and spread it over th e walls) .

• •• Diversity and main purposes
of the gardens

As is well known , soc ial , cu ltura l and biological
fac tors always overlap to cons titu te a coheren t
system. In addi tio n to th e ecosys tem varia tion
direct ing the cho ice of th e main crop, taro or yam,
cultivation mu st be considered in the con tex t of
a complex exc hange network th at exploits di ffer
enc es in agr icul tural prod uction . Thus , taro is th e
main cro p on San to while th e sma ll neighboring
islan d of Malo, much dr y, specialized in cultivat
ing yams . On San to itself, the agricu ltu ral land
scape presen ts some varia tion . On th e west coast,
sheltered from the eas terly win d and thus dr ier,
yam cu ltiva tion, altho ug h subo rdina te to that of
taro , has a more important p lace th an elsewhe re,
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Figure 591: Irrigated taro pandfields in Hakua village (N-W Santa).

in gardens, in die ts as well as in cultural and ritual
contex ts. This ritua l function is not found in vil
lages located on the slopes exposed to trade winds .
In so u the rn Santo valleys, taro is cu ltiva ted in rain 
fed garde ns and th e landscape co n trasts grea tly
with th at of the irriga ted garde ns.

The gardens (rain-fed or irr igated) were, at least
until recen tly, desig ned and managed according to
know ledge and practices elaborated over centuries.
As poi n ted out by Morelli in 2003 , yields ob tained
in Vanuatu gardens, varying from 20 to 30 tons
per hectare per year, are much higher than what is
usua lly observed in other inte nsive tropical farm ing
systems . Vertical stra tification - from tree tops , to
tall plan ts like bananas and cassava, down to in ter
mediary plants like island cabbage, beans, corns and
finally down to the herbaceous stratum- allows use
of the whole vertical and ho rizon tal space. Th e sys
tem is very well balanced , so it is difficult to int ensify
cu ltivation furt her, and farmers have no other choice
than multiplying the number of the cultivat ed plots
in orde r to increas e production .

Sca ttering those plot s allo ws risk managemen t
(part icu larly in regards to climatic hazards) , per
mi ts benefit from ecological variations , and mini
mizes contamination risks by pests and diseases
in a given cropping cycle . Th e env iron ment is also
respec ted , as re-growth is eas ier on small plots
tha n in larger fields . Las t but not least, the d is
persion of th e cultivated units is a way to secure
food resources in regard to soc ial risks such as th e
des tru ction of a garden by enemies , a break-up of
a former alliance resu lting in the loss of plo ts, etc .
Land strategies must be taken into account as well:
p lot cultivat ion in remo te ancestral lands , some
tim es as far as several walking hours away from th e
village, is also a way to claim th e lan d's owners hip
as well as , perh aps, to maintain its mem ory.
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The Melanesian garden thus appears as the op ti
mum answer given by farmers to the conditions of
their na tu ral and social environmen t. From a social
point of view, the gardens also cons titu te a place of
grea t distinction, because their beau ty bespeaks the
farmers ' abi lity to acquire traditional knowledge,
magi c and gardening skills .

Such a relation involves, in addi tio n, speci fic prac
tices and gestures that alone test ify to a deep resp ect
(and ethics) of the farmer for his cu ltivated clones.
In Pesena, dur ing the harvest of the so-called uha
taro , the leaves of th e head-sets to be replan ted
in the gard en are fold ed with grea t care along the
stems instead of being cu t off (Fig. 592 ).

• •• Biodiversity production
Vanuatu farmi ng systems thus rely on vegeculture,
and one can be astonished to see so many varie ties
with in vegeta tively propagated spec ies. The farm
ers knew indeed how to benefit from the species
bro ught by their ancestors as well as those imported
later on, such as sweet po tato and cassava, intro
duced in the second hal f of the 19th cen tury.

First , the perso na lized mode of culture, whe re
each clo ne is cultivated indiv idua lly and receives
distinct care , allows the farmer to kn ow perfectly
the material he is handling. The least varia tio n in
color, texture, shape or taste is indeed imm ediately
ident ified in the field , in the pan or the prepared
dish . Farmers selec t different varieties and thereby
diversify their s tocks.

••• Selection process
The produ ction of vari ous morphotypes or che rno
types opera tes mainly in the na tur al environment,
from wild stocks that have escaped from culti
vation or residual crops in th e fallows. Farm ers
working with in a long revolu tion system , in place s
where wild and cultivated forms belonging to the
same speci es coexist, someti mes manage (uncon
scious ly) to produce interactions between both
forms . Thus, some taro produ ces seeds wh ile in ter
cross ing and pro duce rnorph otypes or a pa rtic ular
cherno type tha t the farmers can observe during a
walk in the forest. For other species , like island
cabbage, cassava or swee t po tato, wild forms do
no t exist. But the plan ts can rema in in the gro und
many years in the old [allows. They produ ce seeds
resulting from sex ua l recombina tion and thus the
pro du ction of diversit y. All these wild morpho
types are recog nized by the farmer who will collect
and transpl an t them in his garde ns in the view of
vegetative multipli cati on . First , the wi ld stock col
lected has to be multiplied in order to observe the
aspec t, the texture and the behavior of the resul t
ing clon es. Nex t, the gard ener evalu ates the role
it could play among the range of vari eties already
cultivated . This is a slow and complex process (as
the su bterranean useful part of the plant is not

Figure 592: Harvest and replanti ng of Uha taro in Pesena:
once the taro corm has been harvested, the leaves are folded
carefully along he stems, the head-set is then replanted.

seen) that can onl y be done with a few specimens .
Indeed , the plant must be grown to mat ur ity for
the garde ner to be able evalua te the quali ty of the
edible roo t or tub er. However, this process allows
the improvemen t of the plan ting ma teria l, as i t
always involves select ion of the best clones .

Fin ally, if the new cu ltivar is satisfying, the first
need is to nam e it. It is generally named after the
man who discovered it , after the place where it was
discovered, or sometimes in reference to a kn own
cu ltivar similar to it and wh ose prop er name is
supplemen ted by an adjective referring to its color
or shape . Th e named cul tivar is then propagated
and integra ted defini tively into the exis ting s tock.

Selection of fruit- or nu t-bearing species is a dif
ferent process , since reproduction is sex ual. Frui ts ,
seedlings or germinated seeds are collected under
trees - grow ing wild in the forest or in the domes
tic space - whose fru its seem to show new char
acteris tics. Th ey are then transplant ed inside the
village, alo ng pathways leading to the gardens,
or in orchards in the village's surroundings. Their
grow th is then obse rved. This pro cess is simpler
tha n the former, but also mu ch slowe r. The nom en
cla tu re applied is thus looser and the intrasp ecific
var iab ility is less importa n t. Th ere is , however,
an important excep tion: that is the breadfruit tree
(A rtocarpLls altius), which is propagated by both
sexual and vegetat ive means in Vanuatu. Indeed,
the cu ltivation of this tree is somewha t closer to
the cu ltivation of roo t and tub er crops, as it pro
duces suckers (young shoo ts emerging from the
tree's roo ts) tha t can be taken and transplanted,
thus allowing the preservation of selected char
acterist ics. One Single island, Malo, thus shel ters
more tha n on e hundred breadfr uit varie ties, each
with its own name and uses.
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Although it is not possible to embrace at a glance the
whole range of one's cultivated plants, the gardener
has perfect knowledge of his stocks. He often knows
about the stocks cultivated by the other villagers as
well, and he often knows about those of the neigh
boring villages too: farmers are then able to name,
locate, and even describe hundreds of forms. This
precise knowledge of the agrobiodiversity main
tained in a broad geographical area (or rather within
a vast network of alliances) combined with the
individual care given to each clone enables farmers
to locate and select every single variation. However,
everyone does not select new forms or at least select
them at the same rate and intensity. The efficiency
of the selection depends very much on the farmer's
curiosity as well as on his observational skills and
his taste for experimentation. Each of those qualities
is indeed necessary and selection is a process that
is continually implemented throughout a lifetime.
Those who are doing particularly well in that field
therefore gain a reputation as "specialists".

The introduction of a new morphotype into the vil
lage's stocks is often followed by a double check of its
originality, especially when the discoverer is poorly
experienced or if he is not inclined to selection: a
young farmer would then consult family and friends,
a specialist would consult another specialist in a
distant village etc. Checking is based on pre-existing
social networks, which are partially maintained by
this activity. This great knowledge and interest in
selection are unfortunately being lost nowadays as a
consequence of the degradation of the social prestige
formerly associated with this activity.

••• Management practices

• Stocks handling
Inhabitants of Vanuatu always say that each plant
species has its own use. If someone does not know
the use of one plant, then someone else does. And
if nobody knows, someone will surely discover it
one day. Thus every plant is respected and named.
Any species can be phenotypically diversified, as an
amenity, to satisfy a need, or in the search for plants
to use as food or medicine, for example. Knowledge
of the plants and their diversity is garnered by
observation, from relatives, and from those who
know. It is a voluntary personal quest, during which
the youngster secures himself within the group,
increases his alliance network and finds his place
in it. Knowledge and improved practice go hand in
hand with the establishment of the social network
in which the individual evolves. Conversely, the
maintenance and the regular activation of this social
network contribute to the dynamics of the selection
processes and of biodiversity management.

The village of Pesena 000 inhabitants) on the eastern
point of the horn of Santo constitutes one of the largest
holders of taro cultivars diversity. at the island level or
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perhaps within the whole archipelago. The heritage of
cultivated varieties is, indeed, so vast that this site mer
its detailed attention. This site exemplifies the probable
limits of human faculties of discernment, with nearly
150 varieties of taro, each with its own name. As we
will see below, the culture "plays" (this expression is
borrowed from Panoff in 1972) with all this phenotypic
variation, to define a wide range of uses, in various
technological, cultural or aesthetics' contexts.

In Pesena, the diversity of varieties cultivated on irri
gated surfaces is arrayed in the fields in a "Matrushka
doll" pattern. The gathering of a few clones inside
a small pond defines the basic unit of management
or pal-pal. Several pal-pal, separated by stone lines,
then form a pondfield woura (garden). These are of
different types: small gardens (woura parav) are less
than 10 m-; long gardens (woura wuse), are narrow
pondfields, from la to 50 m long and two or three
meters across. Finally, half-moon shaped canoe gar
dens (woro owo) are the widest. The gathering of
several woura separated by low walls (tin-tin) defines
the irrigated taro garden. And finally, there are sev
eral irrigated gardens within a village territory.

Diversity is favoured at every level. Even a small pal
pal containing no more than ten taro plants would
count five or six different varieties. According to
gardeners, taro plants grow better when mixed
together, even on small surfaces. Indeed, this prac
tice does constitute a sort of "filter" limiting the
dissemination of pathogens.

The constant rotation of the clones from one pondfield
to another is related to the mode of cultivation: as the
varieties collected daily are immediately replanted,
so as to secure a continuous production throughout
the year, each garden shelters taro at various stages of
maturity. Thus, the only way for a household to gather
enough planting material when a new pond is opened
is to pick seedlings in each of its pondfields. What is
more, as the farmers visit various gardens during the
week, the taro eaten in the evening is often replanted
the following day in a different garden.

The losses caused by the fallow are not permanent,
since lost cultivars will be recovered during a visit to
a relative or friend. The fragmentation of the culti
vated units, indeed, is counterbalanced by an intense
circulation of varieties within the whole territory and
between households. Sharing varieties is particularly
involved in every social event in the village. Every
ceremony (whatever the context, traditional or mod
ern) involves tubers (as food or as an item of ritual
exchange) and implies a certain redistribution of
varieties between households. Marriage, because it
creates bonds between families and clans, is a major
vector of cultivated varieties. Indeed, if the young
couple inherits the gardens and the taro of the hus
band, they will be able later on to draw from the
heritage of the wife's family to complete their stock.
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Table 54: Biodiversity of root and tuber species in Pesena (Santo) and Ipota (Erromango).

Botanic group Blslama English I linnaean number of land races

Pesena Ipota

Wild yam Dioscorea. nummu/aria 1 1
- -

Woe/yam Round yam Dioscorea bulbifera 3 3
- -

Five-leaved yam Dioscoreo penraphylfa 1 3
~ - - ~

Sopsop yam Greater orwater yam Diosaxea a/ala 14 20

Dioscoreaceae
- ......

Swit yam or Wovi/e Lesser yam DiOscorea esculento 3 3
F- t - ---

Noun/lou Guinea yam
Dios otea covens

2
Dioscorea rorundata

- -----.., - ;--- i

Kus kush Dioscaea t!lf/do 1
Africa

Diascoteo sop 1

Taro Taro Colocasio esculenta 156 9
- ~ --

Araceae Navia Giant tare Alocasia macrorrhyza 4 3
- -

Taro fidji Cocoyam Xanthosoma sagittifolium 3 4

Cassava Manihot eswlento 15 11 16
Euphorbiaceae Maniok It 11

"
MamhOI glanovii

ii
1

'!

Convolvulaceae Kumala Sweet potato Ipomoea batmas 8 7

TOTAL 208
11

82

Taro is by far the dominant crop in Pesena as well as
the most cultura lly valued. However (and surp ris
ingly), the villagers also cultivate a wide range of
other roots. Ind eed, the rain-fed gardens located on
the slopes of the many hills of Pesena shelter a diver
sity of yams (five different species, with a total of 22
varieties), cassava (Manihot escuienta), sweet po tato
(Ipomoea bataias), cocoyam (Xanthosoma sagittiJolium)
and giant taro (Alocasia maccrorhyza ). All in all, the
villagers in Pesena main tain a diversity of root crops
totaling more than 200 varieties (Table 54) . To our
knowledge, there is no other example in the world of
such variety within vegetatively propagated crops .

Some other villages of Vanuatu , although less diver
sified at the int raspecific level, grow an even larger
number of root spe cies. The distribution of varieties is
then more evenly shared among all the different spe
cies. This is particularly the case of villages wit h dr ier
agro-systems that have yams as the main crop. Yams
are seasonal, so villagers canno t rely on this crop all
year long, and production must be diversified . This is
demonstrated by the example of lp ota , a "yam-based"
village in Erromango (southern Vanuatu) that har
ba rs 82 varieti es of root crops, shared among at least
15 different species (Table 54) . In some localities
however, yam remains the main component of the
agrosystem and the noble species, the Greater Yam
(Dioscorea alata) is extremely diversified . Th at is the

Figure 593: Yam diversity in Brenwe, North-West Malekula
(newly harvested yams) .

case for exemple in Nor th-West Malekula wh ere the
Greater Yam (whic h has more than 40 cult ivars) is
still an impo rtan t emblem of identi ty (Fig. 593) .

• A managem ent orie n ted towards use
As sta ted above, agrobiodiversi ty managemen t in
Vanuatu is closely linked to a wide diversi ty of uses
belonging to differen t spheres of cultural life , from
cooking to tradition al medicine, rituals and even
aes thetic considerations .

Thu s , every gro up di fferentiates in its ow n stocks
of cultivars those th at are to be used for daily



Figure 594 : One of Pesena's many pondfields: practical and
esthetic considerations are associated, producing rich, beaut iful
gardens.

cons umption only and others whose role is to serve
in ri tuals . These latter cultivars alwa ys belong to
the tradit ionally culturally valued sp ecies: yam (D .
aiata) and taro (c. escuientai. These are also cha rac
terized by fine organoleptical prop erti es (palatabil
ity, a firm consistency, and often a pleasant smell) .
Those varieties are cultivated according to the pro
cess of ceremonial horticu lture allowing production
of mass ive tubers. They are then given away during
ritual exchange ceremonies or used for the prepara
tion of ritu al dis hes suc h as naiot on Santo. CuItivars
used for daily food consumption are of lower qua lity
and are cu ltivated according to less in tensive hort i
cu ltural practices. Th ey are many of them , and they
are always divided into differen t ca tegories fulfilling
different cooking needs: so me varie ties are to be
roas ted, others boiled (using a cooking po t), cooked
in hot s tone ovens , or gra ted for laplap .

Beyond those ma in uses , es the tic conside ra tions
are also taken into account: some taro varie ties are
app rec iated because of the colour and design of
their leaves , while a specific cassa va variety named
j10wa manioc (literally, flower cassava) is found
today in different villages of Vanuatu (whe n grow
ing, it takes the shape of an umbrella providing
she lter from the sun). In Pesena, sweet potatoes
an d cassa va chosen for the colour and shapes of
the ir leaves are sometimes planted to decorate th e
low wa lls (tintin) between pondfields. The low
walls also shel ter a diversity of more purely orna
mental plants , among which nangaria (Cordy line
sp .) is the most widely used in Vanua tu ( this plan t
commonly de limits garde ns of different users) .

Sf

Many of these plants also have magic or th era
peutic prope rt ies, improving fertilit y of gar dens
or pro tecting them against pathogenic agen ts or
herbivoro us animals. In Pesena, elderly peo ple
rem emb er an ancient practice in which th e juice
of particul ar leaves poured into water draining
to the po ndfields is used to improve taro yield .
Co nve rse ly, some other leaves were us ed in the past
to poison gardens of enemies. A number of co lorful
creeping plants plan ted throughou t th e gardens are
also used to treat some human diseases , while oth
ers have contracep tive and abo rt ive prope rties .

The gardens of Vanuatu thus express an "eth ical" rela
tionship betwee n human beings and their enviro n
ment, i.e. a relationship filled with meaning (a world
view) in which magic and knowledge are associa ted
to produce a beau tiful garden bearin g quality prod ucts
(Fig. 594) .

• •• What does the future hold for
the gardens of Vanuatu?

Again, the case of Pese na is illustrative. Far from
being an untou ched haven of tradition , th e western
horn of San to went through many crises during the
twen tiet h century. Contacts with the Europeans
(mo s tly tra de rs) resulted, as in other places in
Vanuatu , in massive depopulation. The survivors
of the in terior valleys found safety by joining the
religious miss ions established on the seashores, bu t
at the price of having to adopt a new mo del of social
and economic organ ization. For Pesena, th is means
tha t the farmers succeeded in re-creat ing, in sp ite
of the crisis, consis ten t social structures favorab le
to the preserva tion of a rich agro biod iversity. The
new "roads" ope ned by the Catho lic missio n there
(connecting to othe r mission s of Vanua tu and to the
emerging urban centres) were themselves followed ,
so as to increase the number of cultiva ted varieties
(as shown by the number of varieties o f roo t crops
introduced via th ose channe ls) . One of Pesenas
assets he re is pro bably to have kep t as well , along
wi th the new connectio ns, close relations wi th
other groups in the region acco rdi ng to traditional
social ne tworks (namely in the villages of Olpoi,
Hokua, and Wunpuko on the wes t coast) .

In add ition , cu ltivation of taro in irrigated systems
is itself a grea t asset, because it readily maintains a
grea t d iversity of cu ltivars . Indeed, while rain gar
dens require th e clearing of new gardens every year,
the pon dfields produ ce con tinuously, and mainte
nan ce is restricted to weeding. Farmers themselves
ad mit that , because of the ir pondfields , it is easy for
th em to keep taro as th eir main food and still ha ve
enough time to focus on cash cro ps (main ly kava
and copra nowadays) and community works.

Nevert heless , there is now a gap between young
sters who were brough t up acco rd ing to th e mis
sio n's standards and elders, who are the keepers
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Figure 595: Kava at Hokua.

of traditional knowledge. In the last decade, trad
ing of kava (Figs 595 & 596)has allowed a flow
of cash into the village. This has resulted in the
establishment of small retail stores offering a range
of imported foods (mainly rice and canned goods)
that are already affecting diets. Today the villagers
dream of material wealth, and they tend to shift
their focus from the taro pondfields to the kava
gardens. The system may already be reaching its
limits, as is shown by the general decrease in taro
yields, caused by mud and algae accumulating in
the pondfields owing to lack of maintenance.

Another source of worry is that farmers today tend to
favor a few high-performance varieties that produce
acceptable yields even when grown in old gardens. As
a consequence, much of agrobiodiversity relies today
on the activities of elders, either because they still live
in accordance with a traditional system of values in
which the richness of the gardens accounts for the
value of a man, or because they are aware of the value
of the heritage that is slowly disappearing and they
voluntarily take on the role of preserving it. Genetic
erosion is even faster when farmers deal with vegeta
tively propagated crops, because the varieties that are
not planted any more are bound to disappear. Pesena is
probably very representative of Vanuatu itself: a place
rich in agrobiodiversity, but a very vulnerable one.

As for food security, the drastic increase in prices of
imported foodstuffs is now a major problem because
these have gradually replaced a consistent major
part of the gardens' food production. How, then, is
the rapidly growing population of Vanuatu going to
meet its increasing needs? As the country has only
limited scope for increasing export income in order
to sustain food imports, it is likely that the people of
Vanuatu will have to rely increasingly on their own
crops. It is thus urgent to increase food production:
this will have to come about by intensifying use of
the existing agricultural land and by fostering the
existing high cultivar diversity of food crops.

Figure 596: Recently harvested kava roots, Pesena.

A way to achieve that goal is to promote conservation
and breeding strategies allowing the conservation of
genetic resources of traditional root crops before
they are lost, as well as broadening the existing
genetic base, if those crops are to be able to respond
to rapid environmental changes. Conventional strat
egies encounter many difficulties when applied to
minor root crop species (low financial support, dif
ficulties in distributing genetically improved mate
rial to the growers, genotypes/environment (G x E)
interactions, ete.) Thus, an alternative strategy based
on the geographical distribution of allelic diver
sity rather than on localized ex situ preservation of
genotypes has been launched in Vanuatu. It aims to
increase farmers' long-term access to useful genes by
providing genotypes representing the useful genetic
diversity of the species. Farmers then select varieties
adapted to local conditions.

There are of course other possible solutions. The
economic potential of these crops on the fast-growing
urban market should be assessed. This implies find
ing a way to reduce transportation costs from the
scattered production sites to the market so that these
food resources could constitute a real alternative to
imported foodstuffs, and thus fill in the "missing
link" between urban and rural areas. Other economic
outlets should also be considered, namely in the food
industry, which requires compounds existing in tra
ditional root crop varieties (e.g. for the processing of
natural coloring or hypoallergenic food products).

The future of Vanuatus rich agrobiodiversity in the
end rests in the hands of both political leaders and
aid donors. Unfortunately, traditional crops do not
attract the attention they deserve. Rather, they tend
to be disregarded as the remains of primary, under
developed agricultural practices. The main task
might be to assign their real value to these plants,
because, in Vanuatu as elsewhere, the future can
only be built on the heritage of the past.
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AT THE JUNCTION OF BIOLOGICAL CYCLES AND CUSTOM:
THE NIGHT OF THE PALOLO

Laurent Palka

Twic e a year, the shore of Santo becom es the the
atre of a strange invasion. During th e seven th night
afte r the full moon in Oc tober and November, thou
sands of headless wo rms called palolo (Figs 59 7 &.
598) swarm at the surface of the wa ter on the East
coast. Th e ph enom enon lasts onl y a few hours but
gives rise to a traditi on al celebration by peopl e that
predict the dat e of eme rgence and gathe r to fish
the worms. Th e night of the palolo is a na tur al and
soc ial event kn own sin ce the mid-1 9th cen tu ry.

• • • Description of worms
Palolo is th eSamoa n nam e of th e marine worm Palala
viridis, forme rly Eunice viridis. Swarming sp eci
m ens , collected in the Samoan Islands (Po lynesian
region) by the Reverend ].B. Stair, were first taxo
nomically identified by Gray of the British Museum
in 1847. Since th en , twelve species of Palo la have

Figure 597: The palolo worms wriggling on the surface of the
water.

been reported, mostly in tropical zones, althou gh
some species do inhabit temperate latitudes . All th e
sp ecies have shown th e same swarming behaviour as
P viridis, but do not necessarily swarm at th e same
tim e of yea r.

Th e genus Palala belongs to the phylum of anne
lids th at comprises all segmented worms, and
to th e class of polychaetes wh ere each segm ent
bears two lateral appendages (parapods) term i
nating with cirr i. P viridis bel ongs to th e fam 
ily of Eunicida e and has a slende r body (so ma)
made of man y short and hom ologous segments
con taining all the organs an d muscles. Th e ant e
rior region has a short head (pros tornium) wi th
cylind rical or tapering ante nnae and palps, an d
two simple eyes . Th e mouth possesses a mov
able jaw an d a typically scoop-sha ped mandible.
P viridis is also cha rac terized by the abse nce of
hooks and th e presen ce of branchiae as sing le
filam ents from the mid-body region. Males and
fem ales are morphologically di fferent, brown-red
dish and gree n-blu ish , resp ecti vely (Fig. 598).

• • • The effect of the moon
During th e yea r, th e worms are benthonic and
inhab it tunnels that th ey d ig in coral reefs a t
seve ra l meters depth. They apparen tly feed mainl y
on algae, but also appear int erest ed in protists , sma ll
crustaceans and, sometimes , their own young.
As th e reproductive tim e approaches , males and
fem ales undergo a metamorphosis called epitoky,
well known among polychaetes.

Figure 598 : The palol o worm s, once fished .
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Figure 599: Santa villagers fishing for palolo.

The posterior segme n ts begin to degenerate by his
tolysis and phagocytosis . Th e rep rodu ctive orga ns
inc rease in size and produce game tes while two
photosensi tive pigm ent spots develop at the ven tra l
face of each segme nt. Th e development of supple 
me nta ry eyes allo ws the very low illumination
produced by the moon in its las t qu art er, the ligh t
signal that ac tivates the swarming, to be detected .

Then the epitokous portions filled with eggs or sper
matozoids detach as a mature sexual sat ellit e (sto 
Ion ) and wriggle to the surface (Fig. 597), adopting
a pe lagic lifestyle for some hours. Fertilizat ion
tak es place when the epitokes disintegrate releas
ing eggs and sperm into the water column. Such
swarming can cause a spectacular change of the
sea's ap pearance over wide areas because of the
milky an d opaque aspect of the mucus . Th e an te
rior end (a tokous) containing the head survives
and remains in the substratum where it regener
ates new segme nts in order to reproduce again the
next year. Epitoky improves the chance of sexual
partners enco untering each othe r, for insta nce in
bringing individuals to the sur face of the wate r, i.e.
in 2-dimens iona l space.

• • • Celebration by the locals
Th e fishing is grea tly an ticipa ted by the island
ers, who spe nd the en tire day preparing for the
big mom ent. Th e families , who tak e turns from
year to year, gathe r in front of the campfire to sing
and dance, with the exce ption of any you ng or
"unpred ictable" chi ldren. Th is is not becau se the

Figure 600: A traditi onal dish fill ed with worms: the lap-lap.

feast will fin ish late, but because it is forbidde n to
pronou nce the name of the palolo. In fact , local
myth ology hold s that the wo rms are the preciou s
jewels of the spiri t of the ocea n's wife. Th e legend
says , if the spiri t hears that peopl e are p repar ing
to catch the jewels, he will warn his wife who will
kee p them and no thing will tak e place.

The critical moment comes tow ards midnigh t
(Fig. 599 ). People ar m the mselves with lamps or
torches to att ract the worms and wade in to the sea
on pirogue or by foot, depending on the location
of the fish ing si te. Only the elde rly seem to know
exac tly where the worms will appear, that is, not
necessaril y in the same place from year to year. It
depends , for example, on the in tensity of the moon
ligh t. Experienced people also detect the presence
of wo rms beca use of a strange smell, the smell
of palolo. Then the fish ing begins. The wriggling
worms get stuck on every thin g. Formerly, people
plunged their arms into the wa ter, then made them
swirl to catch them . Today, people use nets and
sieves . After two hours of fishing, people thank the
gods and head back ho me.

The follow ing day, the wome n prepare the tradi
tional recipe (the lap-lap) in wh ich the worms are
deposi ted on pasta ma de of plant ain bana na and
mani oc, a bit like a "pizza" (Fig. 600) that is sub
sequently wrapped int o a wild ban ana tree leaf and
baked in an oven made of volcanic rocks. When
the fish ing has been good , it's frequ ent to see the
lap -lap so ld on the market of Lugan ville.

NI-VANUATU PERCEPTIONS AND ATTITUDES Vis-A-VIS BIODIVERSITY
Florence Brunois & Marine Robillard

Understanding the level of perception that th e
Ni-Vanuatu populations have of Santo biodiver
si ty was one of the objectives of the Santo 200 6
expedition , in parallel with the inventories of th at
same biodiversity by non Ni-Vanuatu academi c

scie n tis ts . The scope of th e study is obviously
immense, an d one only needs to emphasise the
social and environmental diversity encountered on
this island to be convince d of that! With an area of
3959 krn-, no less than forty languages have been
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catalogued, that is forty distinct societies with a
fabulous diversity of ecological environments and
socio-biological histories as numerous as they are
varied. This present study does not therefore aspire
to completeness, nor to making generalisations
on a Santo-wide scale. With more humble ambi
tions, it deals with the comparative ethnological
research we conducted for two months across five
communities evolving in very different environ
ments: the island of Malo, the tropical forest of
the foothills (Butrnas), the coastal forest of Vatthe
(Matantas) and Okwa (West Coast), and around
urban Luganville.

During our investigations in Bislama, we system
atically combined both ethnoscientific and social
anthropological approaches. This methodological
choice was fundamental in order to translate as
accurately as possible what biodiversity represented
for each community. Indeed, our desire was not to
impose a naturalistic view of life, nor to make an
inventory of living beings and their practices that
would illustrate local populations. Our intention
was rather to seize their unique perception of the
environment by questioning their own modes of
learning and of identifying living beings and the
practices and relationships that are associated with
them. The results obtained during just two months
of investigation have enabled us to highlight the
tremendous complexity governing the Ni-Vanuatu
awareness of biodiversity by means of certain con
stants that we will now develop.

• • • Diversity of life as part of a complex
and territorialised world

The first lesson the Ni-Vanuatu teach us is how to
look at what biologists call "biodiversity" in a much
wider context while at the same time remaining
strongly territorialised. Indeed, animals and plants
are not the only "living" beings to participate fully
in their world. The creators, the ancestors, the
spirits of the clan, the spirits of certain spaces or
species (plant and animal), and even evil spirits are
an integral part of life, and are created in the image
of humans. Biodiversity is therefore defined as part
of an extremely complex universe: to its phenom
enal dimension has to be added another dimension,
albeit invisible, bu t equally vivid. Origin myths are
at the centre of this unique concept, which does not
dissociate the world of people from that of non-hu
mans (Fig. 601). Thus, in Okwa, the various clans
comprising the community originated from a plant,
or from a bird, or from a fish, or from a source of
fresh water, whilst in Vatthe they would derive from
the taro plant. In Butmas, although "Atarr" is well
recognised as the creator of the earth, it is the activi
ties of human subsistence that give rise to the mor
phogenesis of the caves whose guardian is "50s01e",
the Monarch of the banks. In both places, mythol
ogy eulogises this metamorphosis. Cosmology, the
rules governing the functioning of the world, adds

The Natural History ofSanta

amazingly to this permeability of boundaries. For
all the communities interviewed, each of the spiri
tual entities present in their world holds the power
to intervene appropriately in the visible world in
the form of living beings (birds, wild pigs, snakes
or fish) or speaks through natural phenomena such
as rain, hurricanes or thunder. In addition, spirits
can also affect the lives of humans (through illness
or death), by attacking either the visible person
or their double in the invisible world of dreams.
This cosmological context therefore encourages the
human populations to maintain a certain relational
harmony by practicing rituals, sacrifices and offer
ings as well as observing the numerous taboos,
which relate to the spirits. Compliance with this
ethical behaviour is vital for the survival of human
ity, but also to prevent the spirits from leaving the
territory, and with them the living beings and the
spaces of which they are custodians.

The world of the communities studied is complex;
it is also very territorialised. As joel Bonnemaison
stressed in 1985, "Identity here is a "geographi
cal identity" which is derived from the memory and
values attached to places. [. .. ] Each local group is
thus a sort of "geographically-based society" which
is defined by an area or even a "territorial society"
which derives its identity not only from ownership of
a common territory, but from its identification with
it". This close identification with territory is indeed
remarkable: it becomes formative in transforming
the island of Santo (and understanding its biodiver
sity) into a multitude of islands with clearly defined
contours, linked only by the paths of their alliances
and the wanderings of their ancestors. Does this
phenomenon explain that the myths of origin of
each community encountered extol immanence and
that the identity of each community is built accord
ing to its experience with the beings and singular
landscapes which make up its territory?

Figure 601: Willy, a Butmas chief, explains to Florence Brunois
(anthropologist) how some plants are usefull not only for
humans or animals but also for the spirits which inhabit the
forest.
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To understand what cons titu tes bicdiversity amo ng
Santo populations th erefore requires an ass imila
tion of this conte xt, whic h is as complex as it is
geog raphically sharply defined . It is in the light
of this that we can seize the modes of knowledge
and acknow ledgemen t of beings who inhabit thei r
environment. And as we sh all see, this con tex t, as
original as it is, does not at all produce a confused
vision of reality and its even ts. Rath er, it imposes
an observation as demanding of others as a global
and integral vision of relations linking people to
local biodiversity.

• • • Comprehending the diversity of life
The singular world of which biodiversit y is a part
exerts a definite influ en ce on how living bein gs
com prehend things . First and most logically, the
terr it orial boundaries of th e everyday universe
delimits the species and the spaces to be compre
hended . The diversity of lives is therefore expe
rien ced locall y, and the scale on whi ch thi s is
measured is primarily that of the territory and local
alliances, and rarely ex tends beyond these bord ers,
exc ep t for those who have left to work elsewhere,
in town or in forestry or agricultura l farms . To
this geographical demarcation is added an histori-

12· Another delimitation of a cal delimitation 12 . Gen ealogi cal
physiological order is relevant memory ext ends only to the fifth
here: that of vision, an essential
sense according to the Ni-Vanuatu. generation, and beyond this his-
used to access knowledge of the torical reach, memory evokes
living w orld. Someone who came the journey of the an ces tor s as
to visit the marinelaboratory f
in the Maritime College freely the immanence 0 bein gs and of
agreed: "We did not know the the wo rld . To sum up, the pres-
nome ci tbot onimoi but tbot ence of an in visibl e dimension
is becaus e we do not hove the
equipment. But we have known to each territory, and hen ce each
for alonglimethattherearetiny geographica l community, mak es
Ihings that you can not see, you it more complex to under stand
see when you look 01 the sand
that it moves, onlyil's so small the phenomenal dimension . It
you can notlook and know its requires the Ni-Vanuatu to be
name.tt we had the device Itbe stri ctly atten tive to the contex t of
microscope), we would know for
sure". Let us also note that the their in terac tion with the wo rld .
sacredness of certain karsti c sites The same holds tru e for any eth
can slow dow n the know ledge of nological study. Indeed , only su ch
its inhabitants.

observation in situ is likely to give
meaning to the different ways the Ni-Vanuatu have
to engage with other beings. This is tru e, for exam
ple, of the attitude of Willy (chief of Butmas vil
lage) while we were walking togeth er in the woods.
Seeing me (the first author) strugglin g, he told me
to be quiet, and to stop question ing him about the
trees that I saw. His look, like the ton e of his voice,
was authori tarian . Finally arri ving at the top of the
hill , he explained his att itude. We had just crossed
th e territory assi gned to "Ta/fali" , the spirit of
wild pigs, who causes disease to an y intruder who
dares to sp eak the lan guage of humans , and even
worse , it ma y refu se to pro vide pigs for the hunt
ers. Different attitudes towards the sha rk from the
"man blo bush" who lives on the coast and from the
"m an blo salt wota", in Malo are equa lly eloquent.
While the first will fish for the sh ark with all the

care needed for thi s large pred ator, the second will
do everything to avoid meeting him because this
fisherman knows he ma y face an "Ambalewo" , a
spirit or a man who has borrowed the form of a
shark. Also , unlike the first man , the "man blo salt
wota" will Simply not fish at night along the reef or
in areas kn own for their abundance of shark. This
difference of comprehe nsion (and the practices
that flow from it) reflects the distinct impact of
their engagement with the living being, the sharks.
For the fisherman of Malo , the impact of this act
actually extends beyond the only framework he
knows for the gathering of a resource. As part of his
territory, where reefs, sea, and land are intrinsically
linked to the spirits and his an cestors , the gather
ing of resources requ ires him to take on this rela
tionship wi th an imal- spirits and its implications,
whi ch may extend into his comm unity.

Vigilance is required . It cert ainl y explains the con
cern of the Ni-Vanuatu that they are in the pres
ence of a living bein g whe n they demonstrate
thei r knowledge. Th e mo rpho logical cri teria , su ch
as they are described in natu ralist books, are not
sufficient even if known and named with great
precision by the authors . The recognition of a
living being demands the colle ction of additional
information that the Ni-Vanu atu have themselves
observed during their daily routine activities . Thus ,
on the basis of data collected , which cove r III
marine fishes and sh ellfishes, 31 fresh wat er fishes
and freshwate r shrimps , all birds and mammalian
wildlife , 10 or so type s of an ts and 250 plants , the
recognition of all living beings first requires recog
nition of their "habitat" , whi ch may be confined to
a rock , a tree , an area of fresh water, a sandbar, or
it may extend to a reef, a cave, even an animal spe
cies su ch as cows for the common Myna bird , or a
forest ecosystem defined by its altitude , a clearin g,
a path , the household , and so on . However, th is

Figure 602: The more famous and precious mammal of Vanuatu:
the pig. This animal occupies a fundamental place in the history
and everyday life of islanders. It arrived with them during their
initial migration; it's body is a substitute for that of a human, and
sometimes is considered as the lifestock of the spirits. Its complex
taxonomy reflects the crucial role it plays in these societies.



typology, which gives names to th e places th at are
occupied , does no t prevent the Ni- Vanuatu from
recognising th at the plants and anim als have the
abili ty to m igra te, to introdu ce themselves in to
new terri tory or conversely to disappear altogeth er.
Suc h is the cas e wi th the un expl ain ed disappear
ance of th e Sca rlet Robin from th e territory of
Bu trnas or conversely the arrival of cows th at ran
aw ay from Matantas and many plants wh ich "cam e
with trucks from loggers" or wi th see ds scattered
by th e wind and cycl on es . A living being is firs t and
forem ost an acting being. It can ac t on its own , it
can also act on th e in it ia tive of its appoin ted spirit
as is the case with th e wil d pigs of Butrnas, who are
treated as th e livest ock of th e spirits , who depend
ing on th eir goodwill, make the m fatten, distribute
them to resp ectful hun ters , an d make them migrate
within th e territory (Fig. 60 2) .

Acco rding to the Ni-Van ua tu in terviewed, a livin g
being is an inherently rela tio nal being: it certai n ly
exhibits speci fic behaviour but also inter-specific
beh aviour. Thus , according to th e co ns tancy of
the being, it's a matter of recognising a typ e of
beh aviour , a relationsh ip to an animal, a p lant or
even a human . Whilst the sea anemon e is primar
ily known for being th e "House of fish ", the bl ood
loach is regard ed as a close friend of the small black
loach, and stays clos e on the ro cks in deep waters .
As for th e Pacific pigeon , the pe ople of Vatthe rec
ognise it in ter ms of its mocking behaviour ( the
fema le systematically recovers the shell from her
eggs an d takes it away from the nest to deceive
preda tors) , while the yellow- fron ted zos terops is
charac terised by its sad so ng , which announc es th e
fort hcoming death of one of th eir ow n . Walk ing in
th e woods, Ni-Vanua tu cano t fail to recogn ise the
"Hawurai" tree (u nident ified), which emits a very
s tro ng smell or to hear (see) th e rus tle of leaves
of the "Natiritiri" tree (uniden tified ) because the
"wind sings in th is tree". In Bu tmas and likewise
in Okwa , it is well known th at the purple swamp
hen is a thi ef, an d the su dde n appearance of th e
glossy swiltlet ann oun ces a hurrican e or a storm.
Inter-specific relationships can be so narrow that
the observation of one of the ac tors is en ou gh to
call to m ind the other, as is the case with th e barn
ow l, which is supposed to be th e mat eri alisat ion
of a magic spirit in Butrnas, or in a co mplete ly d if
ferent wa y, the case of the tree Pterocarpus indicus,
whose vege tative cycle serves as a tim e marker for
the rep ro ductive cycle of fish in Ma lo , or the case
of th e "Naho atena ma/ao" tree (u niden tified) in
Vatthe at the foot of whic h th e Vanuatu scrub-fowl
(called "Ma/ao" locally) builds its nest.

• • • Naming the diversity of life
Recognition of livi ng b ein gs is therefore gov
erned by th e assimilation of se veral criteria :
morphological, ethologica l, ecological and cos mo
logical. The sam e is tru e of th eir na m ing and th eir
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classi fica tion (Fig. 603). With out claimi ng to id en 
tify th e linguist ic logic governing local nom en cla
tures , lacking of course a mastery of the ir lan gu age,
we were ab le, on the basis of all th e n am es co llec ted,
to isola te a few relevant trai ts in local nom en cla
tures . The m ost wi despread is undoub tedly th at
w hic h designates a living bein g by a monolexeme
- a nam e composed of a sing le segment - since
th is ru le co nce rns th e vas t majority of flora or fauna
identified . A bein g thus nam ed could be regarde d
as the basic local unit. However, it is impossib le
to apply an abso lu te va lue to this phenomenon.
Indeed , a mono lexeme co uld eq ually be applied
to many anim als which , while being recognised
as d ifferent , are nonetheless ca lled the same thi ng.
This is tru e of small freshwater fishes . So , wh ils t
th e people of Butmas distinguish 11 species of
loach es an d cling fish , all are design ated by a single
name, "Famendro". Another wi despread scenario
is to des ignate two species of dimorp hique shrimp
by th e sam e term , conside ring th at one is ma le and
one female. In o the r circums tan ces , a monolex eme
can become a gene ric term encompassing a whole
genus, fami ly or order. Suc h is th e case , for example,
in Vatthe where they rep lace th e ind ivid ual names
of different ants wi th th e general term for an an t,
"Natsitsiu". We also found th is phen omenon wi th
pl ants . Depending on the co ntext of the co nversa
tio n, ra ther tha n specifically nam ing the specimen,
th e Ni-Vanua tu define it by its category, named also
by a m onolexeme: vine, tree , gr ass, ete. This lack of
sys tem atic correspon den ce between n om en clat ur e
an d classifica tion was confirmed with the s tudy of
beings whose nam e is composed of two segmen ts .
Here again , th is naming sys tem may cover sev era l
hierarch ical rea lities . It can correspon d to basic
bi nomia l nomen clature , ge nder + species. T hus,
to th e base term wi ll be adde d an ide ntifier which
speci fies ei ther a morp ho logica l trait (referring to
a part of the an imal, a co lour. .. ) such as in the

11fJ... .

Figure 603 : Some Ni-Vanuatu people are asked to ident ify and
name river fishes by looking at photos in a scientific book. This
kind of investigatio n is often unsuccessfull as people have a
contextual rather than literary knowl edge of living beings.
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case of loaches , "Avae" wi th "Avae Mboe", a loach
with black spo ts, "Avae One" , a loach with blue
spots, or sp eci fic or intersp ecific behaviour such
as with loaches , "Raue'' w ith "Raue Ate Ate" , those
who remain at th e bo ttom wi thou t moving , "RaHe
Bouaha", de ep w at er loache or "RaLle Revevure",
the red loach, fri end of small bl ack loaches . These
cons olidat ions in nomencla ture are g iven further
m eaning in th ese terms : "Th is is his uncle", "his
brother" , "hi s friend ".

Moreo ver a taxon co m posed o f tw o se gments ca n
be attribu ted to a being wi tho u t their being con
s id ered as for mi ng a s ubca tegory. The band ed
sea krait exemplifies th is while revealing another
sin gu lar phenomenon of local taxonomy: a living
being may be from tw o classi fications and there
fore receive two se para te names . Thus , in everyday
life in Malo , th e snake will be nam ed" Vine Vine";
how ever in th e con tex t where it houses the spiri t
"TanoHme", it is ca lle d "Loronw ". And finall y, th e
formati on o f a binomial ma y refer to a no the r typ e
of hi erarch y, as is th e case w ith pigs in Okw a.
Like many Mel anesi an socie ties , w ild pigs ar e th e
su bjec t o f an elab ora te classifica tio n based on th e
colour o f their bristles , reit erati ng th e crucial ro le
th a t this animal pl ays in th es e so cieties. Thus,
under the global gen eric nam e o f "Boy", we find
"Boy Tawuha": white pi g ; "Boy Talolo": black pig;
"Boy Tavetwet": coloured p ig ; "Boy Tawuhmuu":
black and white pig; "Boy Tahahara" : red p ig,
"Boy Tachich": p ig w ith a corkscre w tail; "Boy
Tamarach": pig wi th curved tu sks , and finall y "Boy
Wot": th e ca s tra ted pig. In Butrnas , the naming of a
pig depends on its s tate : wild , se m i-d omes tica ted,
"m arronneur" . . .

The study of loca l San to no menclatures and classi
fications is therefore of great complexity. The ana l
ysis of names given to no n -nat ive plants confirms
this. Indeed , of the 16 pla n t species recognised as
non-native by th e Butm as community, ten w ere
introduced towards th e end of the 1990s and are
simply not (ye t?) nam ed , eve n though their in cli
vidu ali ty and the ir ecology have been ide n tified ,
causing this hum orous reac tio n from Willy wh en
as ke d to name th em: "You have to ash the white
people what the name is!" ; five we re introduced
w ith exo genous names ; and a si ng le plant , Mihania
micrantha , w h ich was introduced in the 1940s ,
has received a loca l name. T he se data are exciting
because they have helped h ighlight a phenomenon
that deserves m ore ge ne ral study. In Vatthe , not
only have we found the sa me exogenous names
for the same non-nativ e plan ts but also the same
use for the M. micrantha, th at of treating gaping
w ou nds . This diffu sion of the n ame, associa ted
with the use of a p lant, ma y ex plain ho w some
animals such as th e Vana tu sc ru b lowl or a species
o f sma ll ba ts , retain th e sa me nam e from "Ohwa to
Vatthe" via Butrnas.

Figure 604 : Marine Robillard (Anthropology student) is engaged
in a deep discussion in pidgin with Ni-Vanuatu women to
understand clearly their knowledge regarding crabs and how
they relate to them.

One th in g is cert ain : und erstand ing , recogrns ing
an d nam ing a livin g plan t or animal is not co nd i
tion ed by what use itcan be to humanity (F ig. 604) .
As useless as th ey ma y seem , people fro m Malo
ca ll seaslugs "Nemetamate" and co ra l mushrooms
"Stagas mauru". And yet, examples of language us e
that the Ni-Vanua tu have borrowed from th e livin g
wo rld are ma n ifold. Those attribu ted to plants are
obvio usly more varied. By way of illu s tr ati on , for
142 plants identified by the Butmas , and excep ting
th e six p lants deemed unnecessary -altho ug h th ey
nevertheless have names- we hav e lis ted 153 uses .
They break d own as follows : 3.9 % are useful for
wild life exclusively, 18 .3 % for wildlife, sp iri ts and
humans, the n for th e us e of human s o nly: 7.7 % for
m edi cinal purpos es , 12.3 % for co ns t ruc tion , 15. 5 %
for subs is tence techniques ; 10.4 % for tools ; 9 .7 %
for co ns um ptio n ; 5 .2 % for firewood ; 4 .5 % for ri tu 
als ; 5 .8 % for body decor a tion ; 1.3 % for crafts; and
finally 5 .9 % for var ious uses such as , suicide, indi
ca ting th e season, building a musical in s tr um en t,
domesticating beetles , treating serni-dornestica ted
pigs or driving away evil spirits . The multiplicity of
uses is a measure of th e div ersity of Oora in this ter
ritory. It is none the less clear that th e usefu lness of
the plant world is not exclus ive to human s: wildlife
and th e spir its share this pri vilege .

• •• An integrated vision of
the diversity of life

Altho ug h the di scoritinu iti es of the living world
ar e recognised , this know led ge cloes not produce
a d iscon tinuous vision of th e world among the
Ni-Vanuatu. Human soc iety is no t al iena ted from
th e diversity of other lives . Fr o m an early age,
indi vidu als are asked to id entify th ems elves closely
w ith pl ants and animals , wi th th e landscapes of
th ei r territory, by means of ri tuals and n arratives
recoun ting the wanderings o f th eir ances tors , by
means of su bsis ten ce act ivities , or simply by th e
d iscovery o f th eir lands as though th ey were a n
in visible part o f th em. Whilst each Okwa fam
ily rec og n ises a parti cular affiliatio n w ith a living
being , th ey wi ll also learn th a t it is th e cardi nal
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13 - With the exception of the

cannibals spirits introduced by

white settlers who allegedly killed

many people in Butmas.

honeyeater bird who taught them hunting, war and
peace, that the fores t, the sea or the gardens are
under the respective supervision of a spi ri t called
"Tamate", tha t plan ts an d animals, like human
families , have a "Sar", i.e. a head , and that the
Wind, the rain or a hu rr icane are produ ced by
"Sarya Nahoy ".. . In Butmas , at the birt h of a child,
a banana cutting is plan ted near the househ old . If
after ten days, the ch ild is st ill alive, they are given
a first nam e as is the banana, which is then trans
planted into the taro garden . Th en , when th e taro
is ready, a ceremon y is held to ho no ur and to com
pensate the matern al parents of the child. Th e goo d
roo ts of the plant , and its fertili ty, will confi rm tha t
the chi ld is well-roo ted in the world. In th e forest ,
the child is taught to see the rema ins of dead sp irits
in the banyan , to place an offeri ng in order to enter
a cave , not to fish eels in su ch an d such a stream,
whi ch could be letha l, or to not ice if thi s tree is in
frui t so tha t a trap can be laid at its base, or there
again to know not to touc h nor feel suc h and suc h
a plant at the risk of vomi ting. The senses and emo
tions are the on ly tool s to comprehend th e diversity
of life: they are th e first things to be developed . In
th is way, as a resul t of these experiences of growing
up, the indi vidu al no ur ishes its identity with th e
relatio ns that bind bein gs to their environ ment.
That cert ainly explains how in eac h commu nity,
the diversity of life is cultivated in their gardens ,
aro und the hou sehold. By the way, after any trip ,
it is usu al to take back if possible a new cu tting to
plant imm ediatel y in the garden. Additiona lly, any
new plants arriving by road or by air do no t cause
a s tro ng a priori negative reacti on . Judgement will
only be mad e after observing ho w the plant fits
in to the world of everyday life. However, even
if some plant s are found after obse rva tion to be
"unpleasant", like the th orn y bigo Solanum rorvum,
which forces the gardener to cu t it down , or eve n
Bidens pilosa, whose fruit s ticks the wings of chicks
together, it does no t quali fy as "ha rmfu l" as define d

by biologist s 13. Mihania micran
tlu: is certa in ly cons idered a "tree
th ief", but it is a pro perty shared
by many othe r endogeno us climb

ers such as th e famo us Meremia. The difference lies
more in the fact tha t its invas ive propensity is not
co ntro lled (integra ted) like that of the Meremia in
the traditional horticu ltura l know-how : gardeners
always tak e care no t to leave any space for it whe n
start ing a new plo t. This tolera nce in in tegrating
the pla nt "in truders" is not shared by farme rs
aro un d Lugan vill e, whose horti cu lture pra c tices
have lon g been decon rexrua lised from the forest
environment and from the know-how asso ciated
with it (Fig 605) . A similar dive rgence in at ti tudes
is reflected wit h respec t to non-native animals ,
which are said by so me to be invasive, such as
ants . In rura l areas , where work in the garde n pre
domi nates , these ants are no t harmful , rather they
are allies of people because they are predators of
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species which devas tat e cro ps . Th ey mai nt ain the
integri ty of the garden , which leads to good har
vests , but also act as deco mposers of org anic waste
left after gar de n main tena nc e. Whilst some of the
ants will ven ture int o the house to gorge on sugar
as well as food , they also pro tec t the inhabitants of
th e hou sehold from mil lipedes, a species perc eived
as dangerous. However, in suburban areas , th ese
ants are viewed somewhat di fferen tly. The changes
induced by the lifestyle there reduce the opportun i
ties to en ter th e gar den and measu re the usefulness
of these insects. Not yet co nsidered as harm ful ,
with the excep tion of Wasmania auroptmctata, ants ,
however, are perceived by urban dwe llers as caus
ing some inconvenience.

Decontextual ised from their terri tory, ci ty dwellers
are also dec on textualised from its sense of tim e. In
Malo as in Butmas or Okwa, people are still very
attentive to the growth of each form of life and
their eco log ical dynamic: th ey hera ld an d harmon
ise the cycle of human ac tivities . Thus, "Rarambut",
"the tim e to plant yams" in Malo comes when the
bats are fat, wh en the seas are calm , when tides are
often low and when the "Vuvilay" (Pterocarpus indi
cus) starts flowering. The concurrence of all these
ph en om ena forewa rns men that the eart h is ready
to be wo rked but also that it is th e period of fertil ity
for fish and tha t in a few mo n ths , whe n P indicus
loses its flower s , fish will be had in large quanti
ties on the beach. The start of fishing for "Ely" (a
wandering polych aete) , which is so mu ch antici
pated , is an no unced by obse rva tion of th e proces
sion that the "Naoura" shrim p will form, then the
"Nawuita" octopus (Octopus sp .), followed finally
by the father of "Ely" , the banded sea krait 14, "Vine
Vine". Here, like th ere, peo ple's sense 14 - The banded sea krait

f . di h f . I (Laticouda colubrina) is also
o lime a justs to t e sense 0 lim e 0 d lubri k -tname : co u nne sea ra, or

the ir biod iversity yellow -lipped sea krait.

Th is ecologica l awa reness , in which th e voice of
man participates fu lly, explains how the Ni-Vanua tu
are sens itive to the vu lne rab ility of the ir eco logi
cal sys tem. Whi lst they recognise its fundame n tal

Figure 605 : For the people of Luganville, the vine Meremia is
regarded as non-native, wh ereas the people of Butmas, Vatthe
and Okwa who regard it as indigenous
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dynami cs, they also know from experience -hur
rica nes, epidem ics, logging- that living beings like
humans or spi rits are not around in infinite num
bers . The balance is precar ious an d is the rigour of
relation al ethics, whic h imposes local cosmo logies
on people. In this traditional context , man cannot
behave as mas ter and own er of other living beings.
Vle ha ve seen this in Butmas, where pigs are under
the guidance of the spiri t "Taifali", who makes the
decision whe the r to deliver up the pig to the hunt
ers after judging its goo d behaviour; or in Ok wa,
where the spiri t of the seas will no t fail to pound
the soul of the fishe rm an who has no t been respec t
ful , like "Tamate Nahavela", the spirit of gardens
wh o requires the pra ctice of certain rituals to clea r
a plot or even to plant taro, whi lst the "Tamate"
of the forest causes the disrespectful hunter to get
fever and tremors. In Malo, non-respect of taboos
related to maritime acti vities can have devas tating
effects on land-based ac tivities.

In this way, there is the collective fishing of the
epitoke form of "Ely" , the wandering polychaete,
whic h come to reproduce en masse on the coas ts
for a peri od of three days in the year (a period
whi ch correlates to the full moon) . Access to this
resource is abundan t, bu t i t is also prohibited to
men struating women and bereaved individuals.
In addition , it is strictly prohibited in this period
of marine fertility to ea t the "island cabbage".
Transgressing these bans inexorably leads to ro t
ting in the fields and causes the "Ely" to sca tte r so
i t can no lon ger be fish ed . Finally, even a breach of
the rules governing social relations can en courage

th e start of an ecologica l disaster: torren tial rain in
Ok wa, the decline of coral reefs in Malo.

• • • Conclusion
Men, living beings and spir its are all in terlinked in
a single relational system as complex as it is fragile
(Fig. 606 ). Breaking these ecological ethi cs and the
traditional knowledge which maintains it is to break
the balance of their world. In Malo, sch oolchildren
are aware of this wh en they say "before there were
lots of animals and plants in Malo, but the older gen
eration have not passed them on to us. Now there are
a lot fewer". \Ne can wager tha t new genera tions will
recover the formidable ecological know-how of their
elders and enr ich this with the nat ura list knowledge
tha t the Santo scien tific expedition has brought to

re-invent their world of such great riches.

, .~ :,.:
Figure 606: After collecting plants in the Butmas forest w ith
the chief Willy, Marc Pignal (botani st) and Florence Brunois
(anthropologist) record the botani cal know ledge of children
to assess to level to which tradit ional folk-knowledge is
transmitted or lost.
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• Informal discussions with the members of the
expedition's steering committee;
• An eight-day ground-breaking mission carried
out by Philippe Bouchet and Herve Le Guyader
in Vanuatu in OctoberlNovember 2005;
• Two of the expedition's modules over a four
week period: the Marine module, and a small
group of three entomologists and a botanist from
the Forests Mountains and Rivers module.

Finally, I was allowed access to all of Philippe
Bouchet's e-mail exchanges in 2005 concerning
the setting up of the expedition. All of this pro
vided me with some extremely rich, although
disparate, material. Furthermore, the decision to
systematically record and transcribe the meetings
proved to be very time-consuming. However, pro
ceeding somewhat like an entomologist collecting
whatever insects may come across her path, being
unsure which group or family to specialise in, I
collected all kinds of ethnographic data before
I could actually decide upon a specific research
topic. I first had to build up a general culture and
understanding of this naturalist expedition, along
with its challenges, objectives, operating condi
tions and various other dimensions (scientific,
legal, political, financial, logistical, etc.).

The main difficulty facing ethnologists when they
commence work in a new research field is that
of defining the actual topic, in other words pic
king the "right questions" to explore. As Olivier
Schwartz points out in his paper "L'empirisme
ureductibte" (Postface to Nels Anderson's Le Hobo;
Nathan, 1993):

"But what do you look out for when there is too
much material, or it seems too "common" at first
glance to be able to get anything from it? As we
all know, the official epistemological tradition has
a ready-made answer to this question: you can't
have good observation if you don't first define the
subject, if you don't establish a corpus of hypo
theses all converging towards a problem to be
explored. Of course, we can disagree and say that
such a model does not tie in with a real ethnogra
phic situation. Whoever decides to embark on a
study of this kind does not do so from scratch, but
its quite possible for the initial questioning to be
extremely confused, and even remain so for quite
some time. The first objective of the study is not
to answer questions but to discover the questions
to be exploredand this simple discovery operation
requires time: time to understand where, in the

As an ethnologist, taking the Santo
2006 expedition as a subject of study
was an excellent opportunity to pene
trate the core of some of the major
contemporary scientific, political and
economic challenges linked to the
exploration and conservation of bio
logical diversity. It also gave me the
chance to examine several new research
ideas from an ethnological standpoint.
The conservation of biodiversity and
its scientific exploration were new for
me and I had never performed any field
studies in this research area. At the
time, my vision of this theme was nar
row and limited and grounded only on
what I had read. My position was that
of an ethnologist landing on uncharte
red shores, albeit Parisian and in spite
of the fact that I travelled by high speed
train and underground network rather
than in a dugout canoe.

In order to study the 2006 Santo expe
dition at the invitation of Philippe
Bouchet back in March 2005, I made
several methodological choices that
I was never entirely satisfied with.
However, the subject of my study did

not lend itself easily to ethnography owing to the
way it spread out in space and time. The Santo
expedition involved networks of individuals, insti
tutions and objects, scattered across many different
countries and progressively woven around a joint
objective: to establish a biodiversity inventory for
the island of Santo. It took close to two years to set
up the expedition. The preparation work entailed
discussions, meetings, lunches, e-mail exchanges,
the writing of various texts (statements of intent,
preliminary project description, project descrip
tion, etc.), telephone calls, trips, ground-breaking
missions to Vanuatu, ete. The question facing me
was how to apply ethnography to such a multitude
of individual events. This was obviously impossi
ble. I therefore decided to follow, record and trans
cribe the following events:

• The ten preparatory meetings taking place
between April 2005 and]une 2006;
• Two post-expedition meetings;
• Seven interviews with the expedition's orga
nisers and staff in charge of Corporate Affairs
Development at the French Natural History
Museum in 2005;

Expedition from an Ethnologist's Point of View
@
§
§
~
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universe of those being studied, the problems and
challenges lie, and to achieve a solid enough per
ception of their life to be able to pick out what is
worth being studied."

I thus explored several research ideas at the same
time and have briefly summed these up below:

• The links between science and money and
more especially between scientific exploration
of biodiversity and corporate foundation spon
soring;
• The links between science and politics, with
a particular focus on the profession of biolo
gist in the international context of the post
Convention on Biological Diversity;
• The building of scientific knowledge on bio
logical diversity.

The Santo 2006 expedition questions the links
between sciences and societies, and does so in an
international context where access to biodiversity
and the sharing of the benefits stemming from its
use were profoundly modified by the Convention
on Biological Diversity signed in 1992. Owing to its
size, the expedition went some way to laying bare
certain social dynamics and some of the imbrica
tions that are ever present in scientific research but
less visible in small-scale field work.

The first, but by no means the least, of these imbri
cations are those between science and money. The
fact that the expedition was mostly financed by pri
vate funds is interesting in itself for several reasons.
The privatisation of financing for such a scientific
expedition does not point to a lack of means in
French public research but more to the priorities of
this research. And, clearly, in spite of the discourse
held by policy-makers, the financial priorities do
not lie in the exploration and knowledge of the
diversity of living species.

The fact that corporate foundations were willing to
sponsor an expedition like the Santo 2006 expedi
tion reflects several trends underlying the contem
porary capitalist economy:

• On the one hand, a renewed interest in phi
lanthropy and corporate sponsorship since the
early 1980s, a process that some sociologists
link to the financiering of the capitalist eco
nomy since that period;
• And, on the other hand, the appearance and
development of socially and environmentally
responsible companies, or companies which at
least claim to be so.

Lastly, the private funding of this scientific expe
dition did not generate any controversies over,
or criticism of the scientific quality, integrity or
independence of the research being carried out.
In a country like France, where the link between
the private and public sectors, notably in the field

of research, leads to much controversy, the tran
quil atmosphere surrounding the Santo expedition
might be interpreted as the sign of a significant
change in our relationship to money, private corpo
rations, science and the capitalist economy. For an
ethnologist, these links between private funding,
scientific exploration and conservation of biodi
versity represent an especially new and interesting
avenue to be explored.

The second imbrication uncovered through the
Santo expedition is that of science and politics. The
expedition was organised by western biologists, i.e.
French, in a country that gained independence in
1980 after being a French-British condominium.
Furthermore, Vanuatu is considered one of the
poorest on the planet (according to UN indicators,
Vanuatu is listed as one of the twenty-seven "Least
Advanced Countries"). These factors lend them
selves to a macro-political interpretation in terms
of the North's domination over the South. This is
something that it is difficult to ignore especially
given that the current international context, in
terms of access to biodiversity and the sharing of
the benefits stemming from the use of biological
resources, is tending to instil a particularly perni
cious climate with respect to bioprospecting and
biopiracy.

This geopolitical context means that, at worst, wes
tern biologists are suspected of coming to southern
countries to pillage their biodiversity in order to
draw illegal financial profit from it and, at best, of
coming to study this biodiversity in order to fulfil
their scientific objectives without providing the
host countries and their local populations with
sufficient compensation. The Santo expedition did
not escape either of these suspicions.

The first criticism that emerged focused on the
expedition's ethnological module and, in particu
lar, its ethno-pharmacological and ethno-botanical
objectives to study Santo inhabitants' uses and
representations of biodiversity, As the expedition
was being set up, these aspects sowed confusion and
put a strain on the relations between the organisers
and some members of the Vanuatu government.
Worried of being suspected of bioprospecting and
not wishing this to jeopardise the whole naturalist
expedition, the organisers decided to completely
abandon the ethno-pharrnacological aspects and
other research questions relating to the use of bio
diversity by the local populations.

Yet, this part of the expedition might have genera
ted economic value from the island's biodiversity,
which is something that would have certainly inte
rested Vanuatu. It would also have made it possible
to go further in the famous "sharing of the bene
fits" stemming from the use of its genetic resources,
as outlined in article 15 of the CBD. All of this
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would have been possible without discrediting the
integrity of Santo's scientists. However, although
the Santo expedition organisers wanted to abide by
the CBD down to the smallest detail, especially in
terms of sharing the benefits with the host country
and its local population, the monetary and non
monetary compensations offered by the expedition
were judged differently by different observers.

What were these compensations?
First, there was the renovation of a ship, the
Euphrosyne, belonging ta the Vanuatu Maritime
College. The restoration work accounted for 10%
of the expedition's total operating budget (i.e.
105000 €). The inhabitants of Santa and the nor
thern islands of Vanuatu (especially Torres) should
draw long-term benefits from the ship as it trans
ports persons and goods, but also benefits in the
form of training. The Maritime College promised
to send annual reports to the Santa organisers to
keep them informed of the Euphrosyne's activity.

Then there was the fairly considerable redistribu
tion of money in the different parts of the island
where the members of the expedition worked. This
money was spent in exchange for guides, porters,
cooks and accommodation, but also for local pur
chase of various products, especially food.

Finally, there was the training side of the expedi
tion. This consisted in associating Vanuatu stu
dents with the different groups of scientists on
the expedition. In the marine module, they were
mainly involved in sorting activities. And with
the group of entomologists and the botanist that
I followed, two local students participated in the
sampling work, which was mainly botany.

Some considered that the trade-offs were insuffi
cient and that the Santo expedition should also
have generated local economic development or
collaborated with development professionals. For
these people it would therefore seem that scientific
research cannot (or can no longer) find legitimacy
in the pursuance of academic scientific objectives
alone. For it to be legitimate, it should also be
useful socially, economically, medically, etc. For
others, including myself, scientific research such
as that implemented through the Santo expedition
is legitimate in itself: producing knowledge about
nature andJor knowledge about human culture are
legitimate goals in themselves.

Finally, the third type of dynamics I wish to bring
up here is specific to biological sciences, and to the
extreme diversity, compartmenting and speciali
sation of the disciplines and knowledge produced
about biological diversity. The primary objective
of the Santo expedition was to produce naturalist
scientific knowledge about the biodiversity com
partments of this island. This objective belongs to

The Natural History of Santo

a specific professional universe, that of biologists,
even though to be fulfilled it required a plurality of
commitments and social inscriptions going beyond
the purely scientific sphere. To a certain extent, the
San to expedition constituted a "total social fact",
in other words a complex system with multiple
dimensions: political, legal, cultural, social, but
also scientific, of course.

For these scientists, who are professional resear
chers, the living world and its diversity form the
core of their work. Although the Santo expedition
involved a fair number of enlightened amateurs, its
objectives were embedded in professional logic spe
cific to the scientists present. This of course entails
significant differences compared with the rest of
the population, differences in terms of the way
biodiversity is addressed and understood, in terms
of what it means and represents, and in terms of a
personal commitment to a professional objective.

These professional scientists are indeed governed
by logic specific to their work as taxonomists, clas
sifiers, molecular biologists, invertebrate experts,
entomologists, ecologists, ete. These disciplines
follow their own operating rules and logic (such as
the publication of results in specific journals with
review boards), and have their own internal hierar
chies, controversies, quarrels, ete. To properly des
cribe and understand the scientific modus operandi
of this expedition, it is thus necessary to plunge
into the diversity of these biological disciplines and
explore their logie.

Here again, it is the size of the expedition which,
by bringing together in the same space-time over
150 researchers, so strongly and colourfully highli
ghted the internal splits, controversies and quarrels
in biology. Indeed, for an ethnologist, the differen
ces permeating the expedition were striking, revea
ling the extreme intra-specific diversity of Homo
sapiens biologicus: invertebrate versus vertebrate
experts, taxonomists versus molecular biologists;
malacologists versus carcinologists; Coleoptera
versus Orthoptera specialists; amateurs versus pro
fessionals; trappers versus hunters; divers versus
dredge /trawl operators; fundamental researchers
versus applied scientists; collective methods versus
individualistic approaches, ete.

The most powerful opposition was undoubtedly
between "old-fashioned taxonomists" and "trendy
molecular biologists", in other words between
Ancients and Modems! The former were basically
accused of being simple "stamp collectors", who
were only looking to boost their figures, so to
speak, in other words to collect and accumulate
as many specimens and "new species for science"
as possible. As for the latter, they were accused of
being "young cretins", entirely incapable of reco
gnising any species from a morphological point
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of view, only interested in collecting "vulgar bits
of tissues" to sequence and lacking any genuine
interest in or curiosity about nature. Furthermore,
their inability to recognise species made them enti
rely dependent on the "real taxonomists", whom
they liked to criticise so much. In spite of this
reciprocal criticism, the Santo expedition actually
managed to get them to work together...

These internal quarrels in biology in particular
raise some interesting questions about the use of
sensorial perception in the building of naturalist
scientific knowledge (in the case of alpha-taxo
nomy) and the delegation of sophisticated techni
cal instruments (in the case of molecular biology).

But they also point to what is considered by resear
chers as a major problem: the famous "Taxonomic
Impediment": "taxonomic expertise is first foun
ded on long personal experience and accumulated
knowledge". Can we do without this first visual
step in the process of building knowledge and
understanding the living world? This indeed puts
us before a choice of society or rather a choice of
relations between science and society. Some criti
cise taxonomy for its social uselessness: given the
alarming erosion of biodiversity, they claim that

it is better to focus means and financial efforts on
protecting specific spaces and specific species (stra
tegies adopted by the main conservation NGOs,
such as Conservation International with its hotspot
approach, or WWF with its ecoregion approach).
Others consider that this biodiversity needs to be
documented before it disappears from the surface
of the Earth, and hence vast collection and inven
tory campaigns need to be set up, like the Santo
operation. For these people, it is a question of
building up scientific knowledge about nature and
understanding the evolution of the living world.
These differences in opinion arise notably (but
not only) from different conceptions of the role of
science in our contemporary societies, as mentio
ned above; between a more utilitarian conception
and a more encyclopaedic conception.

While the Santo expedition was above all designed
to explore the biodiversity of the island of Santo,
from an ethnological point of view it also made
it possible to explore a certain number of social
logics specific to our contemporary society and of
which I have only briefly touched on here. In fine,
the ethnography of the Santo expedition invites us
to adopt an anthropological approach to thinking
about the relations between nature and culture.
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The discovery of the faunas and
floras of the Pacific did not begin

~
with Captain lames Cook. The early

o 0 Lapita explorers some 3500 years ago
undoubtedly discovered, in their way,

[S the plants and animals of the new
territories they colonized. Yet even
though he was not the first Europeanoc=J to explore the Pacific Ocean, it was

~
lames Cook (1728-1779) who began
the scientific description of biodiver
sity in the sense that we use this word

~ today. Eleven scientists accompanied
\J.0 him during his first trip onboard HMS

Endeavour (1768-1771). Although the

~
goals of the trip were primarily astro
nomy (to observe the transit of Venus
on the 9th]une, 1769) and geography
(to search for the mythical continent
of Terra Australis), Cook accepted to
allow three botanists on board, Daniel
Solander, Herman Sparing andjoseph
Banks (1743-1820). The participation
of the latter proved to be particularly
important through his scientific skills,
but also because he became in 1778
the President of the Royal Society.
During the course of his first two
trips - the second on HMS Resolution
and HMS Adventure from 1772 to
1775- Cook charted much of the

modern map of the South Pacific and the natura
lists discovered the extraordinary biodiversity of
the islands. At the same time, France equipped
the expedition of Louis Antoine de Bougainville
(1729-1811) who, on La Boudeuse and [Etoile,
reached Vanuatu in 1768. The botanist on board,
Philibert Commerson (1727-1773), described in
particular the Bougainvillea. These voyages have
been the inspiration for numerous expeditions
that have brought naturalists to the Pacific Islands
during the past two centuries.

The type of people who have sampled the biota of
the Pacific Islands changed significantly during the
19th century. At the start of that time, most collec
tors were missionaries/priests, administrators or
naval officers, but rarely scientists. They tried to
collect "a bit of everything" wherever they went.
The result of these collections was a superficial
assortment of the most visible organisms, that is to
say the biggest or most common, usually mammals,
birds or fish, but also some amphibians and reptiles.

From the 1870s, the collectors started to specialize
in a particular group (plants, butterflies, snails,
birds, fish ... ), and provided specimens to institu
tion-based zoologists and botanists who essentially
never make it to the field. This situation changed
gradually in the first half of the 20th century with
the general natural history expeditions that were
mounted by the major scientific institutions of
the Pacific region (Bernice P Bishop Museum in
Honolulu, Australian Museum in Sydney), as well
as by Europeans or North Americans coming to
the South Pacific. However, despite the voyage
to Santo of the "Whitney South Sea Expedition"
(1926) of the American Museum of Natural
History, the "Oxford University Expedition to the
New Hebrides" (1933), "The Royal Society-Percy
Sladen Expedition to the New Hebrides" (1971),
the islands of the "New Hebrides" remained secon
dary scientific goals compared to New Caledonia
or Fiji. From this point of view, the Santo 2006
expedition can be considered to represent both a
continuation of earlier expeditions and one with a
more targeted interest in the island.

Islands have always fascinated naturalists, and
continue to attract the interest of contemporary
biologists. Island ecosystems are Simplified biolo
gical communities, containing a smaller number of
species than continental ecosystems: they exhibit
simultaneously the abundance of species of tropical
ecosystems and the biological impoverishment of
island environments. Their geographical and eco
logical isolation are drivers of evolution and specia
tion, but also causes of their vulnerability: islands
are particularly rich reservoirs of endemic species,
as well as of microcosms that are threatened by the
introduction of invasive species. To date, 72 % of
the extinctions listed by the International Union
for Conservation of Nature (IUCN) in five animal
groups (mammals, birds, amphibians, reptiles and
molluscs) are for island species.

Naturalists at the beginning of the 21th century
therefore face a paradox. On the one hand they
have, over the last twenty years, realised the enor
mous magnitude of biodiversity and increased
their estimates from:

"We know 1.6 million species and there remain
perhaps as many to discover."

to:
"We know 1.9 million species, but the actual num
ber is probably between 8 and 30 million."

The species already characterized and named thus
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rep resen t between just 5 and 20 % of th e ac tua l
number of species presen t on the planet, despite
climat e change and bic diversity loss being at the
forefront of so ciety 's concern s about th e env iron
m ent. We do not know if "a quarter or ha lf" of all
species co uld d isappear "by th e middle or end of
th e cen tury" , bu t th e biodiversity crisis is a co ncept
that is no longer dispu ted and , wo rse , thi s course
seems to be inev itable .

The paradox is that despi te th e high stakes, the
pace of exp lora tion an d descr ip tion of th e planet's
biodiversity is ridicu lously low. At th e curren t
rate of progress, it wi ll tak e 250 to 1000 years to
comple te th e biodivers ity inventory deman d ed
by policy makers , scien tis ts and managers . Th at's
what th e Convention on Biological Diversity
(CBD) ca lls th e "Taxonomic Impediment " (h ttp ://
wwwcbd.int/gti/) .

Ano ther im pediment obsc ures th e s taggering figu 
res be h ind this rea lit y. T his is rarely expressed
or carefu lly hidden as it h inders th e s tra tegies
- m ostl y bas ed on "flagship species" - of those
w ho "make money" from "nature": most of the

unexplored components of biod iversi ty concern
animals that are consid ered to be unattrac tive 
i.e. most invert ebra tes (crustaceans , insects, mites,
mo lluscs) tha t contain the high est concen trations
of un kn own species in biodiversity. But it is di f
ficu lt to crea te empa thy for a weevil , a worm or
bac ter ia and basic research on these neglec ted com
po nen ts o f biodiversity trad itionally su ffers a deficit
of atten tion fro m th e public. This indirect ly lead s
to unwan ted difficul ties in obtaining the necessary
resour ces to s tu dy th ese componen ts .

Acce lera ting the explorati on of biodiversi ty while
overcom ing these impediments is th us the great
cha llenge for modern naturalist s . We be lieve th at
th e answers to these ch allenges lie in a change of
the sca le of b iologica l surveys as a whole and the
working methods of ex perts from all disciplines
involved in them. Th at is what the Paris Mu seum
of Na tura l His to ry (MN HN ) and Pro-Na tura
In tern ational (PN\) had been doing separa te ly
over the pas t ten years an d decid ed to do togeth er
and in partnersh ip wi th ln sti tu t de Recherche
pour le Developpe rnen t (IRD ) for th e Santo 2006
ex pe dition.

WHY VA UATU AND WHY SANTO?

Santo (or Espiritu Santo) is the largest island of
Vanuatu : 3959 krn-. th ree tim es the size of Tahiti or
half the size of Corsica , wi th only 30000 in habitant s
and ... so me forty langu ages! Santo is also the island
that reac hes the high est eleva tion in the archipe lago ,
crossed by a mountain range, wi th fou r peaks over
1 700 m and peaking a t 1879 m at Mt Tabwemasana.
The natura l wea lth of the island is summarized by a
passing comment in the Lonely Planet guide:

"Sparkling blue holes, unl ogged rainforests & the
world's largest accessible shipwreck."

Santo has "a bit of everyth ing" to offer for curious
naturalist s to dis cov er : coral reefs, caves, mo un
tains , fores ts, rivers , bu t also gar dens , pl an tations ,
and in creasing pressures on coas tal land . In short ,
the islan d is a com pendium of the natural and th e
manmade hab itats tha t can be encoun tere d on the
large h igh islands of Melan esia .

Given its size , topog raph y and geolog ica l age ,
Santo was clearly under-ex p lored . Thus , one of the
most recent botanical co llections undert ak en on
Santo in 1988 reveal ed six new species of orch id.
For terr est rial inv ertebra tes , endemism is estimat ed
at 30 -50 %, bu t sometimes reaches 80 % (snails) .
Vanuatu is recognized by Bird Life In terna tiona l
as an Endemic Bird Area and , together with the
Solomon Islands and the large islands northeast
of Papua New Gu inea , forms part of Co nserva tion
International 's East Melanesian Islands Hot sp o t.

Beyo nd the diversity of environments to explore
and taxa to discover, the scien tific objec tives o f the
expedit ion's various modules we re underp in ned by
the sa me major qu est ions: what is the rea l exten t
of biodi vers ity in term s of div ers ity and richness?
W ha t frac tion of th e species composition are rare
species? What is the spatial dimension of biodi ver
si ty or , in o ther words, how representative are the
sit es at eco-region level? Wha t influence do inva
sive species have on local ecosys tems?

Monitoring the impact of climate cha nge on biodi
versity is a goal for man y scientists. But how can you
measure fu ture cha nges if you do not have a base
line , that is to say a credible knowledge of an in itial
s tate? We have to recogn ise tha t many existing co l
lect ions in museums -inc lud ing the Pari s Na tiona l
Museum of Na tura l History - are of litt le use for
providing th is informat ion , because the samples tha t
have been deposi ted are not suffici en tly accura tely
referenced , in particular with regard to geography.
Many spec imens are simply lis ted as being "from
the New Hebrides" and at best indicate the island of
the archipelago where they were taken , but withou t
furt he r precision on localit y ete.

It was therefor e import an t th at the inventory com
piled in 2006 wou ld serve as a baseline for moni
to ring th e me di u m-and long-t erm evolu tion o f
the faunas and flor as of these islands , du ring the
21th ce ntury and beyond . These future changes
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will at a minimum see a depletion and extinct ion
of native species , as well as further introductions
and th e esta blish me nt o f mo re alien sp ecies . We
therefo re want ed to labe l in the inventory th ose
spec ies cons ide red nati ve and th ose consid ered as
exotic sp ecies , whether they are in vasi ve or not. It
therefore see med right to include a module ca lled
"Fallows and aliens " (aliens referring to non -n at ive
species of plant s and an imals) in this early twenty
first century na tur al hist ory expedition.

Santo remained relat ively isolated from the outside
world until the first half of the twentieth centu ry.
But during th e WWll it became a rear bas e for
u.s. troops engage d in the Pacific War, housing up
to 250000 U.s. so ld iers and th eir infrastruct ur e,
and th e islan d th ereb y ex pe rienced heavy human
disturbance. Thus, bi ological invasions are k now n
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to have taken place over several hi sto rical periods ,
wh ich can be summarized as foll ows: th e arr ival
o f the firs t Melanesians over 3000 yea rs ago; th e
arr ival of the first European s during the 18th and
19th cen turies ; the W\Vll ; and the last half cen tury
which has seen a major in cr ease in trade within the
archi pe lago and with th e res t of th e Pacific.

Thus, beyond a "classic" natural history inven
tor y, the objectives of th e Santo 2006 expedit ion
have also included an invento ry o f alie n species
in ce rta in taxonomic groups, co m pa ring the rela
tive we igh t of non-native species p resent in both
na tu ral and manmade ha bitats , hi ghligh tin g th e
evidence for an in creasing fracti on of in trod uc ed
species sinc e the arrival of man , and finall y a
s tu dy of th e perception of non-na tive species by
local people.

PREPARATIONS FOR THE EXPEDITIO
Once the ou tlin e of the sc ien tific program had been
decided upon and even before its budget had been
completed , an ini tial vis it of three persons was
conducted to Vanua tu in March 2005 to present th e
project to the politica l and adminis trat ive au tho 
rities of the cou nt ry and to th e French Embassy,
and to do a first check of the logistical facilities
on Santo itself. Durin g that first visit, Russell Nari
-then of the En vironment Un it of Vanua tu - ,
and Bernard Sexe - then of the French Embassy
demons trated the ir s trong support for th e proj ect ,
which cont inue d throughout the expedition . An
exchange of letters with the Minister of Lands
marked the first formal commitmen t of the gov ern
ment of Vanu atu to the expedition .

From there, further even ts unfold ed . Rufino Pin eda
was appointed as the represe n ta tive o f the project
in Luganvill e, the capita l of San to. His long ex pe
rience , together with his mast ery of local languages
and his ac tivities in the field of rural de velopment
(more tha n 25 years in Melanesia , including 20
years in Vanua tu , plus a sti nt in 2003-2005 as head
of the refores tation program LEARN funded by the
European Un ion ) mad e him the obvious choice as
the local coordinato r. Frorn july to November 2005,
other visits were mad e to refin e the objectives of the
"Karst" and "Forests , mountain s and rivers" modu
les. It was planned that th e latter module would set
up camp ne ar a forest that cou ld be considered as
"primary" as possibl e (and probabl y far from popu
lated areas) , with th ree main goa ls:

• Serve as a tran sit camp for small groups of
itin erant scien tis ts collecting in the wider are a;
• Permit the s tudy of changes in plant and ani
mal biodiv ersity along an altitudinal gradient
(program IBISCA) ;
• Serve as experime n tal and operational base

for a new powered balloon for studying the high
for est canopy: hereafter known as th e Ca nopy
Glider.

An aerial reconnaissan ce survey revealed potential
areas of interest for the ex pedition on the west coast
of Cape Cu mbe rIand , whe re three pot ential si tes
we re visited in No vember 2005: Tasmate, Olpoi
and Penaoru. In each local community, we presen
ted th e objectives of the pr oject , in dicating that
we were looking for a sit e to s tud y the vegetation
and local fauna. We concluded that Penaoru would
be th e ideal site given that th e Kaori forest found
abo ve the village seemed the best area to s tu dy. At
our sec ond meeting with Chief Wortut , the Pen aoru
village lead er, he in formed us that th e who le vi llage
wh ere he was the spokesma n would we lcome the
San to 2006 ex ped ition. We th en laid the gro und
work for the ag reemen t that wou ld bind the com
munity of Penaoru and the proj ect. That agreeme n t
in clu ded the construc tion of a base camp an hour 's
wa lk uphill from the village of Pen aoru, beside th e
river of th e same name, to include eigh t bamboo
huts on stilts, a refectory, a kitchen hut , two labora
tory hu ts , a storage hut, two toilets , a landing pad
for th e Cano py Glider and a bridge to sp an th e river.
A qu ot e was made for each building, which were to
be pred ominan tly constru cted out of local building
materi als (wood, bamboo , Natangor a leaves) , with
the expedition purchasing mat erials that were not
ava ilable locally, su ch as nails and plasti c shee ting .
Th e cos t of co ns truc ting the ca mp was es tima ted
by mu tual agreemen t between both parties , with a
cont ractua l commitment plus a pot ential bonus for
"success fu l comple tion ".

Meanwhile in Luganville, the existing in frastructur e
of the town made it easier to provide places to live
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Figure 607: Sources of funding for the operational budget of
the Santa 2006 expedition. The total of 1.1 million € does not
take into account the "goods in kind" (research vessel, vehicles,
equipment, personnel) or the salaries of the participants.

At the local level, we knew that permission from the
Minister in Port Vila or the Luganville Provincial
Secretary were essential but not enough. In Santo, as
in the rest of Vanuatu, the real power to accept visi
tors comes from the communities themselves, at the
level of customary chiefs and villages. We therefore
had to contact all members of these communities
and inform them about our projects with the support
of the traditional chiefs, as well as the field workers
of Vanuatu Kaljarol Senta (VKS) and the member of
parliament for West Santo, Sela Molissa, who per
sonally took part in informing the people of "his"
constituency. A large meeting was held in Luganville
at the nakamal (meeting area) of the chiefs of Sanma
Province, where the objectives of the expedition were
the subject of a presentation in English and Bislama,
before dozens of participants who came expressly
from South Santo, Kerepoa, Malo, Aore, Tutuba , Port
Olry, etc. The Rotary Club of Santo, the Tourist
Board ... no one was forgotten. In August 2006, every
thing was ready for the start of the expedition.

deployment of IRD-funded research vessel Alis
alone amounted to some 250000 € but was not
formally accounted in the cost of the expedition.
Similarly, the camp at Penaoru benefitted from the
establishment of a satellite dish provided courtesy
of Telecom Vanuatu.

During that time, the various foundations, cor
porations and public institutions supporting the
expedition pledged 1.1 million euros of public and
private funds. Foremost among these institutions
were the Stavros Niarchos Foundation, the Total
Foundation and the Pacific Fund that deserve a
special mention (Fig. 607). Our salaries and ser
vices in kind from our three organizations are
not included in the budget of the expedition. The

and work for the scientists of the expedition
who would be based there. The directors of
the Vanuatu Maritime College (VMC) and the
Vanuatu Agricultural Research and Technical
Centre (VARTC) agreed to install the "Marine
Biodiversity" module (VMC), and the "Karst" Sta~~~~~~~~CnhOS

and "Fallows and aliens" modules (VARTC) at 500000€ ~

their premises. In France, the three lead agen
cies-the National Museum of Natural History,
the Institute of Research for Development, and
Pro-Natura International- were bound by
a tripartite agreement. A steering committee
consisting of the representatives of the three
signatories of this agreement was formed, as
well as a scientific committee composed of the lea
ders of the main modules.

A follow up visit in November 2005 resulted in a
Memorandum of Un derstanding between the pro
ject and the Vanuatu authorities. In the weeks that
followed, this memorandum of understanding was
circulated to government services in Port Vila but
reservations arose on some of the objectives of the
expedition in the field of ethnobotany -especially
ethnopharmacology. Given that this was a very
minor part of our project (consisting of one resear
cher), and to avoid being suspected of biopiracy, we
decided to remove this component. The agreement
was ultimately signed on the 24th March 2006 by
the then Minister of Lands, Maxime Carlot, and the
then director of the Paris Museum, Bertrand-Pierre
Galey, who represented the Santo 2006 expedition.
This agreement then paved the way for a research
permit issued collectively to all members of the
expedition, signed on the 2nd June, 2006 by Ernest
Bani, director of Vanuatu's Environment Unit.

PROGRESS OF THE EXPEDITION
The first scientists arrived in small numbers in
August 2006 (Fig. 608) Despite the reconnaissance
missions in 2005 and 2006, we had overestimated
the adequacy of the local facilities to meet our needs
and underestimated all kinds of tropical delays.
All cargo shipments arrived three to eight weeks
late and we therefore had to modify the timing
of the first arrivals. The first month would be a
start-up month with a smaller team: it managed to
fulfil this role and the first participants all arrived

in August (Claude Payri's seaweed group from
Noumea, and the small Rapid Assessment Team
with Fred Wells from Perth) who faced the first
difficulties: Torrential rains (August is statistically
the driest month of the year l), the incomplete trans
formation of a boathouse into a marine "laboratory",
engine troubles with the small motor boats of the
VMC, miscommunication with some tourism ope
rators ... Despite all these setbacks, the expedition
got underway. In late August, Philippe Bouchet was
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Figure 608: Timetable of the presence of the four modules of the Santo 2006 expedition in the field.

Figure 609: The marine group towards mid October. A number
of participants had already left, many others were in the field.
From left to right. Front row (kneeling): Jo Arbasto, Dave Valles,
Samson Vilvil-Fare, Mike Miller, Yolanda Camacho, Marco
Oliverio, Jason Biggs, Marta Pola, Timea Neusser, Christopher
Mendoza, Mitsuhashi Masako, Steven Vitulolo. Back row
(standing): Regis Cleva, Claire Goiran, Damien Hinsinger, Rudo
von Cosel, Delphine Brabant, Noel Saguil, Mark Erdmann,
Magalie Castelin, Yuri Kantor, Danielle Placais, Marivene Manuel
Santos, Virginie Heres, Laurent Albenga, Tanya Kantor, Philippe
Maestrati, Jacques Dumas, Philippe Bouchet, Jacques Dumas,
Sandrine Perey, Brian Greene, Richard Pyle, Nicolas Puillandre,
Julien Lorion, John Earle, Roger Swainston, Anders Waren, Arjan
Gittenberger, Ellen Strong, Emmanuel Vincent.

Figure 610: The Nournea-based Research Vessel A/is was
deployed during 40 days to sample the deep water benthos
(to 800 m deep) and also, occasionally, to transport expedition
members to more distant locations on Malo.

joined by a small group of Filipinos with whom he had
mounted the "Panglao 2004" expedition together
with a volunteer from the capital. They did a great
job in finalising the organization of the laboratory
and the" outdoor services" (sieving areas, compressor
site, sorting tables) and ensured that domestic servi
ces were ready for the rapid influx of September.

The marine side of the expedition (Fig. 609) was
not spared of its own incidents, the latest being a
strike for reasons related to a change in status of
part of the crew of the Alis, just as it was to sail
from Ncumea on the 6th September. With the
mass arrival of sixty people on the 8th September,
it required that Plan B be put into action, which
involved a ship from the French Navy. Saturday
the 9th therefore turned into a day of organising
chaos, and sampling could only begin on the 10th.
The Alis (Fig. 610) finally arrived late in the day on
Tuesday the 12th.

Field trips started at 7 am, with different boats taking
out groups of divers, each with a specific objec
tive (general collection, targeted collection of nudi
branches, brushing stones, laying nets ...). In the
laboratory the day started a bit later and ended at
around 10 or 11 pm, since we had to treat the fresh
collections of the day (sorting specimens, processing

Figure 611: IRD's A/dric was used daily to take samples
by diving. Jean-Francois Barazer (pilot), Arjan Gittenberger
(holding the tube of the "vacuum cleaner") and Patrice Petit
Devoize (getting ready). Laurent Albenga (left) and Jacques
Dumas are already in the water.
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Figure 612: A sieving area was installed on the pontoon of
the Vanuatu Maritime College, to receive bulk samples from
diving, dredging and intertidal collects. Very large fractions
were inspected on the spot, while smaller fractions were taken
indoors in the lab. From left to right: Philippe Maestrati, Maria
Yorley (seated), Steven Vitulolo, Frank Ritchie.

Figure 613: Dave Valles (forefront) and Charles Tari operating
the hand winch to retrieve tangle nets deployed in 60-150 m.

digital camera images, fixing material for genetic
sequencing) (Figs 611 &: 612). The working lan
guage was English, but here and there other langua
ges were spoken among smaller groups. In particular,
in the boathouse, now the Marine Laboratory, there
was the potential to hear (assuming that at least
two people could speak that languagel): Chinese,
Japanese, Tagalog, Cebuano, Swedish, Norwegian,
Italian, Spanish, Dutch, Russian, German and, of
course, French and Bislama (Fig. 613). In total, the
expedition involved participants from twenty-five
countries.

The team for the Karst module was complete, with
the some twenty people operational from the l st
September. They split in small groups of three to
seven people working in parallel on multiple scatte
red sites over eastern and central Santo and nearby
islands: some concentrating on dry rock shelters,
others in guano filled caves, while yet others explo
red underground aquifers. A small group explored
the tip of Cape Cumberland, a very remote area
(five days walk from the nearest "road"), which
they reached with the Etelis, a small boat from the
Vanuatu Maritime College. The Karst group was
hosted at CTRAV about 15 km from Luganville

Figure 614: Down into the Fapon doline.

Figure 615: Tarius cave entrance.

Figure 616: A well decorated gallery in the Fapon cave.

and our paths rarely crossed. We exchanged our
thoughts, viwes and stories when they visited the
marine team to get fuel, formaldehyde and ethanol.
We therefore organized two social evenings at the
site of the Vanuatu Maritime College, which was a



Figure 617: Florence Brunois in discussion with the Ni-Vanuatu.

Figure 618: Examining traps in the Loren sump.

good opportunity for the expedition to invite the
staff of the organizations that hosted us, as well as
schoolteachers and other Luganville's VIPs.

The expedition continued to experience small
incidents and the risks remained, but fortunately
without causing any injuries, and without the expe
dition going over budget or any confrontations
between participants. In the karst research group
the first week was marked by the discovery of the
largest cave network on the island (Figs 614-616),
with three kilometres of tunnels identified and
mapped in central Santo, and the exploration of a
large sinkhole of 50 m depth on Malo, the largest
of the "small islands" near Luganville. These caves
were partly known to the villagers, but were not
immediately revealed to us. As our team started
to explore the field, the tongues of the inhabitants
of Santo gradually loosened. Eventually, curiosity
prevailed and traditional custom owners began to
offer to show us new caves (Fig. 617). The Cape
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Cumberland team discovered some interesting sites
in terms of archaeology, but returned empty-han
ded with respect to finding Quaternary vertebrate
remains. The week was also marked by the arrival
of the first photographers, filmmakers and journa
lists sent from France and New Caledonia by the
ATOM and Gamma agencies. Given the exciting
progress of the Karst module, they naturally began
to collaborate with this group. Franck Brehier and
Nadir Lasson were their guides in the tunnels of
the Loren Cave, reaching almost to the end of Cape
Quiros (Fig. 618). On the margins of the caves,
Louis Deharveng did not hold back with superlati
ves to describe the soil fauna of San to: the paradise
of Collembola!

In the marine field, the work was a little disturbed
by the trade winds that blew much of the week (I8
to 22 September 2006) and we were forced to tackle
less exposed coasts. The divers were struck by the
fact that many reefs were very damaged, though we
could not attribute the cause of this mortality to over
fishing (there are very few fishermen and no dyna
mite fishing in Vanuatu, unlike in the Philippines) or
any other identified human activity. Perhaps the com
bination of cyclones, earthquakes (a nice little tremor
in early August and several other insignificant ones
thereafter) and increasing seawater temperatures may
be responsible for bleaching the corals ( Despite the
complex topography of the coastal zone, the habitats
showed little diversity, and we did not find sea grass
beds and only limited mangrove stands. That week
was also marked by the start of so-called night dives
(night falls at 18 hours and night dives were held
between 19:30 and 22:00). Sunday 24th September
marked the first rest day when we could enjoy the
season of citrus and mango trees in bloom.

The Karst cavers handed over to biologists of the
"Fallow and aliens" module, while the number of
marine biologists remained the same. Just over
half of the participants of Santo 2006 had already
left and only the big "Forests, mountains, rivers"
component had not started, but preparations for it
at the Penaoru camp progressed normally.

Fatigue and climate began to take their toll on people
and equipment. Small sores or fever struck several
participants and kept them out of the water or away
from the lab benches. A moray eel bite required five
stitches to the recipient. Another researcher became
the victim of a centipede bite. On the equipment side,
there was a fracture of a vehicle axle, and the propel
ler shaft on a boat was put out of service until the end
of the mission. Nothing to really worry about.

For the Karst module, Murphy's law struck again.
The previous week had been marked by the dis
covery of the largest cave network on the island;
a new record was achieved this week (25 to 30
September 2006), with the discovery of a new
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network and huge galleries, discovered a few days
before the team was due to leave, which meant it
was not possible to explore them fully. These new
networks seem to have the condition necessary
for harbouring typical cave biota, while the caves
explored until then were mainly inhabited by the
same fauna as that of the surface soils (Figs 619 &:
620). Biologically, the underground waters on Santa
have generally been very poor, which reflects the
recent geological age of this part of the island, and
also the torrential flows of water that go through
them. This poverty applies also to Quaternary ver
tebrate remains. However, and to his great satis
faction, Louis Deharveng left Santa with about a
hundred new species of Collembola (Fig. 621).

In the marine field, our sampling sites were this
week at Pallicolo, Surunda, Aesa, Mavea, Turtle

Figure 619: Mapping Nanda Blue Hole.

Figure 620: Pootering arthropods in the Vobananadi Aven on Malo.

Figure 621: The extraction room for cave and soil fauna at the
karst basecamp of CETRAV.

Bay and Oyster Island (Figs 622 &: 623). We based
our small boats about 30 km from the lab, which
helped to save transit time for the divers but requi
red a large number of transhipments by road for
the various tanks, bins, baskets and appliances
(Fig. 624). Some beautiful reefs and reef walls
are present on the east coast and the collection of
species did not diminish there. It rained less since
the Saturday and at last the wind died down and
we could dedicate the following week to the most
exposed areas of the coast, off the localities of
Tutuba, Malo and Urelapa.

Figure 622: The cod end of the beam trawl is brought on board
A/is. From left to right, Christian Fitialeata, Ferrand N'Ganyane, Jean
Lamata and Felise Liufau work in coordination like musicians in
an orchestra.

Figure 623: Everyone is busy on the deck of R. V. A/is: Bertrand
Richer de Forges (with hat) and Anders Waren (seated) are
examining samples, while Ferrand N'Ganyane (yellow helmet)
and Jean Lamata (background) are assembling a beam trawl.



Figure 624 : Vehicles w ere used to ferry peopl e and equipment
to the east coast of Santo, and thus avoid the long, windy,
choppy and unplea sant transit by small boat s. Steven Vitulolo
and Jean-Francois Barazer (in the background ) are tying the
equip ment fo r the bu mpy road.

Thursday 5th October was a nati on al hol iday in
Vanuatu and we held an Ope n Day on the 6t h at
our bas e at th e Vanuatu Maritime Co llege . We invi
ted sc hool pri ncipals , science teach ers , officials of
the Prov ince and triba l chiefs to visit our facilities,
wh ere they could come an d ask qu es tions , an d
look at animals und er a d issect ing microscope ...

Figure 625 : One of the classrooms of Vanuatu Maritime College
had been transformed into an office and "media" center, with the
benefit of one of the very first high-speed internet connections
in Luganville. Seated on the left: Damien Hinsinger, Stefano
Schiaparelli, Yuri Kantor. Facing each other: Didier Molin (left) and
Noel Saguil (right) .

Figure 626: Training and capacity building w as an integral part of
the Santo 2006 expedition . Charles Tari (right), from University
of the South Pacific, gets a personal tutoring from algae expert
Claude Payri.
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Figure 627: Takuma Haga (in front) and Yasunori Kano screening
the catch for minute gastropods. In the background, Marilyn
Schotte at the microscope behind a mosquito coil.

Figure 628 : Trimix divers Brian Greene (left) and Richard Pyle
(right) at the end of a dive. The cylinder of the electric
vacuum cleaner (center) contains precious bott om mate rial
from otherwise inaccessibl e overhangs and crevices at depths
betwe en 80 and 120 m.

(Figs 625 &: 626 ). After th e few sm all mis haps
during our start-up in August our relationship with
th e au thor ities an d popu lation had become excel
lent , and it was apparen t that there was no su spicion
o f us being there to loot the "gen etic resources" of
Vanua tu. The Daily Post, the on ly daily news paper
in the country, regularly devo ted a full page to
San ta 2006. In short , th e progress of our expedition
was no w entering the regular news on Sant a .

Th e moon was full on the 7th Octob er and th e
week was thus marked by goo d tides around San to .
We took adva n tage of these tides to sif t th rou gh a
seem ing ly mundane reef, beside which we dro ve
mos t days ju st outside of the city, righ t next to th e
fuel depot l A sen sa tional discovery was wai ting for
us. Our Japanese colleagues Yasu nori Kano and
Takuma Haba (Fig. 627), wh o had the cur iosity to
dig under so me large blo cks in fresh wa ter see ping
in th e sea at h igh tide, got their hands on an en ti
rely new fauna of small gas tro pods .

While the first week of October was marked by
hig h tides , the second would be by very deep
dives . Our dr eam team of divers who were used
to using tr imix (F ig. 628) arrived from Honolul u,
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and sorted out all the problems of fittings and
valves. Richard Pyle's team could then take on
the deep reefs of Tutuba up to 120 m deep. With
decompression times amounting to hours, the
patience of jean-Francois Barazer, who ensured
safety at the surface, was tested, basically through
reading thick books and doing lots of sudoku.

We continued to experience very rough weather.
We pitied in advance the botanists and entomo
logists who were going to work in the dripping
wet forests and then have to spend their nights in
tents. With the arrival of laurent Soldati last week,
together with Herve jourdan, and laure Desutter's
group arriving in Santo in a few days, entomolo
gical research would now be strengthened on the
Santo 2006 expedition. Similarly, the complement
of the botanical team having been so far limited to
only Marc Pignal, was also about to be built up.

The "Fallows and aliens" module had by now already
completed half of its program. The purpose of this
module was to sample sites modified by man, which
are obviously less natural than the sites studied by
the karst module, and comprised the port area of
luganville, coconut plantations, coffee and cocoa
farms, and Melanesian vegetable gardens. An alar
ming preliminary result emerged, that the electric
ant Wasmannia auropunctata had already arrived on
Santo, apparently from the exchange of plants with
the Banks Islands, which have been ant-infested for
several years. Wherever it has been introduced in
the Pacific Islands, this American ant causes major
environmental damage and creates considerable dis
comfort to humans and domesticated animals. For
the moment, it appears that the infestation is limited
to less than one hectare on Santo, which makes it
possible to curb. Other introduced species of ants
are present on Santo, but Herve jourdan was sur
prised to note that unlike on New Caledonia, they
have managed to coexist well with local ants.

With the exception of bats, all wild mammal spe
cies on Santo have been introduced. The Pacific
rat (Rattus exulans), the pig and the dog can be
attributed to the first Melanesian people; the black
rat (Rattus rattus) and the Norwegian brown rat
(Rattus norvegicus), the grey house mouse, the cow
and the cat to the Europeans. Remains of large
spiny rats from New Guinea (Rattus praetor) have
been found in archaeological sites.

Two invasive plant species, Merremia pel
tata (Convolvulaceae) and Mihania micrantha
(Asteraceae) were the subject of detailed obser
vations by Marc Pignal. Merremia was reported
to be highly invasive, yet there is a name for it in
the language of Butmas, a village in central Santo,
where it is found in its natural habitat. It is likely
that its aggressive behaviour (once a patch of light
appears in the canopy, it emits vertical tendrils that

get into trees and eventually kill them) is a conse
quence of uncontrolled logging. Mihania is a native
of tropical America, hence its name the "American
liana". There is a story that attributes its local
introduction to the Ll.S. military, who allegedly
used it during the WWII to camouflage their faci
lities. Even though this story is probably untrue, it
nonetheless suggests that the plant was introduced
at abou t that time.

By now, the first "Forest" module roaming group had
been in deep forest for several days. Beyond about
20 miles around luganville, they could only be rea
ched by satellite phone. So there was radio silence
with that group.

All marine biology textbooks tell the story of palolo
worms that gather once a year to release their
gametes and reproduce. Yet few authors of these
manuals have ever themselves seen the gathering
of these marine worms. In any case none of the
scientists who took part in Santo 2006 had seen
the gathering. The phenomenon occurs with astro
nomical regularity. In Santo, six days after the
October full moon, we had the chance to expe
rience this event in the village of Tongoa during the
night of October 12 to 13. The fishing starts on the
falling tide, around 22 pm and ends around 1 am
at moonrise. And the next day, we ate a delicious
palolo laplap, a dish based on cassava topped with
green worms.

Richard Pyle's group from the Bishop Museum in
Honolulu dived this week to 140 m depth and suc
cessfully tested a new method of sucking samples
from up to 120 m depth. Several remarkable dis
coveries have already been made and reward those
efforts and the trouble we had taken to bring the
helium from Noumea and 300 kg of freight from
Honolulu.

VIP visits punctuated the expedition from time to
time. This week it was Ham lini Vanuaroroa, the
Prime Minister of Vanuatu, who spent just under
an hour with us.

The sounds of activities of the "Marine" module had
begun to die down. The botanists and entomologists
were now taking over. The group of laure Desutter
and Odile Poncy have already been prospecting for
over a week, while the team of Adeline Soulier
Perkins, Ronan Kirsch and Gregory Plunkett would
embark the next day to take on Mt Tabwemasana,
the highest point on Santo and Bruno Corbara,
jerorne Munzinger and Marika Tuiwawa selected
and marked out IBISCA sites to describe the effects
of the altitudal gradient on flora and insects in the
kaori forest above Penaoru (Fig. 629).

Two earthquakes this week on Santo. The first
reached 6.2 on the Richter scale. Its epicentre was
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Figure 629 : The village of Penaoru, situated beside the sea at
the mouth of the river of the same name.

located 50 km from Luganville. It last ed a good 30
seconds (just enough to intimidate us yet not quite
enough to scare us). The second was felt at the bas e
camp locat ed in the valley of Pen aoru. In this third
week of Oc tobe r, the Ellphrosyn e brought by sea the
last wave of logisti cians and th e firs t wave o r resear
chers to the Pen aoru base camp (Fig. 630) . A sat el
lit e an tenna , ge nerato rs , computers, th e first phon e
call an d the firs t in terne t co nnec tio n were esta
blish ed from the camp, which unt il now had been
lit by kerosene lamps at night. Th e exc itemen t and
enthusiasm felt by Olivier Pascal was evident when
he called Lugan ville to descr ibe all the villagers
of Penao ru glued in front of th e com puter, seeing
th eir co untry, their island , and th ei r corner of th e
valley on Goog le Earth. A technologicall y sm all
ach ievem ent , but one that mean t a lot to the par
ticipants or th e "Fo rests" mo dule w ho had to sail
10 hou rs th rough rough seas with th e Euphrosyne
to reach Pen aoru: the remaining pris tin e forests on
Santo can now only be rea ch ed by sea.

To echo the earthq uakes , two hurri can es came to
fram e the beginning and end of wo rk in th e rem
nants or natural forest on the island and co mplica te
lan d opera tions. No ph ysical dama ge was su st ai
ned , but mo rale and ner ves were seriously test ed .
Th e first , "Hur ricane Xavier" , was stuck for several
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Figure 630: The Euphrosyne leaving Luganville with the first
conti ngent of scientists on board . The journey time to Penaoru
on the west coast took 10 to 12 hours according to sea
conditi ons. The boat did a dozen round trips and spent about
30 days at sea to service the project needs.

day s abo u t 200 nau tical miles northwest of the
arch ipelago , pre ven ting al l navigation around the
outskirts of Santo and forcing the ship carryin g our
container from New Caledonia to make a U-tu rn .
This was particularly irritati ng, after having battl ed
wi th the shippers to de liver our equipment that
was s tuc k in Singap ore and to find an alternati ve
sea route (and not least to find a ship , as there are
lew that service Van ua tu) to ensu re that the equi
pme nt would arri ve in d ue time on Sant o. At mid
night we would have benefiued from th e weekly
visit of the barge Brisk, th e only vessel cap abl e or
de live ring our equipment directly on the beach
withou t pontoons . The consequ ence of all thi s for
th e Pen aoru camp was a mu ch more diso rgani sed
start th an ex pec ted ... Fo r two days , inste ad or
finishing the setting up of the camp, the village rs
were occ u pied with d ism antling roofs and fellin g
the most dangerous trees. Th e main body of th e
lBISCA project landed with th e Etlphrosyne befo re
th e arrival of th e barge con taining th e equ ipmen t,
an d so came to find an empty lab, with all equ ip
me nt s till in th e conta iner.. . Luckily everyth ing was
soon back to normal in no time.

Access to the west coast of the island (Fig. 631) was
far from easy. This is a stra igh t coas tline without a
barrier reef and virtua lly lree or mo oring sites to

Figure 631: The mountainous west coast of Santo at Cape Cumberland .
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Figure 632: The barge Briskarriving on the west coast to deliver
equipment for the "Forest, Mountains and Rivers" module of
the expedition.

protect from the threat of random" squalls from the
west" . Landing the teams, after la hours at sea from
Lugan ville, on th e peb ble beach at th e mouth of th e
Pen ao ru River during a heavy swell, was no simp le
task. Un loading la tons of equipmen t, including
the Canopy-Glider and the gas tanks needed for
its operat ion (propane and heli um ) was even less
easy. Thi s was also a matt er of luck , for if the swe ll
is too strong, th e barge can no t wash up on shore.
Th e sea rippled sligh tly on this morn ing of the 11th
November, signifying our truce with the elements
and with our ship pers . Helped by the village rs of
Penaoru and Peavo t, a human chain was organized
to clear the barge Brisk as qu ickly as possible. The
scene on the beach looked lik e a shipwreck , where
cra tes and containers of all kinds were strewn all
over th e place (Figs 632 & 633) . It took th ree days
to carry all the expedi tio n's equ ipment over the four

Figures 634 & 635: For some we eks the base camp became
an object of curiosity and a site to visit for the surrounding
vill ages.

Figure 633: There was chaos on the beach afte r disembarking
the equipment.

kilom etres from the shore to Penaoru camp , located
deep in the valley of the same name .

The seco nd cyclone came late, about th ree weeks
after "Xavier" , at the end of Nove mb er. Strong
winds forced us to evacuate "Camp 2" situ ated on
a r idge at 900 m elevatio n: th is fly camp proved to
be too exposed ; it had serv ed as a relay point for
the teams working in the Sara tsi range between
1 000 and 1 500 m elevation , the highest poin t in
th e area, and was temporarily abando ned for th e
main camp, jammed in the valley ove rlooki ng th e
Penaoru River, but more sheltered than th e firs t
camp. The base camp host ed up to 50 people per
day during its "high seas on " (Figs 634- 636). Built

Figure 636: The kitchen. Hundreds of meals a day were served
durin g the high season of the expedit ion at the Penaoru camp.

Figure 637: The w omen of Penaoru cooking a stuffed pig in an
oven made of hot stones.
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on a former tar o pl ant ation, that offered a flat
open area, it over looked the Penaoru River that
provided th e wat er need ed for a camp of this size .
Even though co m fort was bas ic, the "restaurant"
was gargan tuan . Trained by th e village women , our
bakers becam e mas ters at co oking pigs through
co n tac t with hot stones (F ig. 637), a diffi cult recipe
to expo rt , but th e mem ories of which still cau se our
mouths to sa liva te long a fte r our return .

Lots of good food - th at is the secret of a suc 
cessfu l ex ped ition . The statis tics recorded by Dan
Molczadzki , our cam p manager , are telling. Five
oxen, 14 pi gs , fou r goa ts, some 80 chickens and
about four tons o f fru it an d vegetables came under
the knife of ou r cooks , Guillaume Chipy and Lu c
Zelmat. All of thes e consu m ables were an essential
resource for the scien tis ts, and were "ordered" six
months in ad vance wi th the villages in the regi on
to avo id caus ing shortages in th ese isolated co m 
munities th at are s till largely se lf-suffici en t.

The last intact forest s of Pen aoru have not survived
by cha nce . Th e team s clim bed a co m bine d altitude
of tens of thousan ds of m et ers to wo rk every day
in th e fores ts tha t cl ing to the steep terrain . Below
600 m th e fores t is deg rade d with an impoverished
species compos ition . The "good" forest begins a t
about 800-900 m , an d two hours of brisk walking
are needed to reac h the target sites each morning.
Kaori (Agathis macrophylla ), a conifer, is at this
altitude th e most abu nda n t tree . Kaori forests ar e
known only from two o th er islands in Vanuatu ,
from Ana tom an d Err omango , w he re they ar e part i
cula rly threat en ed and overexp lo ited, whic h m eans
that th ose o n San to are unique in th e archipelago.

At high er altitudes, above 1 200 m, there is a different
type of fores t dominated by trees belongin g to th e
genus Metrosideros. Here th ere is a "wet" moss gar
den that was dif ficul t to ext rica te Australian Elizabeth
Brown from , who is a specialis t in these plants . Even
though getting to Camp 2 was a relief for those who
worked up to th e 1500 m sum mit ridge, there were
many who went th ere an d ba ck in a day

Bet ween the two hurrican es there were no mis
haps, no acc ide nts or m ajor in cidents. The on ly
notable in cid ent, and mat eri al for th e ch ro n icles of
ad venture, was th e breaking of th e propeller o f th e
Canopy-Glider. It was not th e breaking of a blade
th at ca use d th e problem s. Breaking a propell er on
an engi ne is no t se rious in itself ( the Canopy-Glider
made its firs t fligh ts on San to and, like all pro to
types , need ed some improvem ents) but findi ng
another one for th is canopy-harves ting m achine,
and getting it u nscath ed to the west coast of San ta ,
could be a real head ach e (Figs 638-640)

Ordering by pho ne (F ig . 64 1) (from the only" tele
phone bo oth " in th e area , installed by the proj ec t
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Figure 638: The Canopy Glider provides a simil ar role to a boat
for the marine module, and was used for the first time dur ing
the Santa 2006 expedition.

Figure 639: The Canopy Glider can take tw o people on board
in addition to the pilot, and permits the direct collect ion of
specimens from the top of the canopy.

Figur e 640: Professional tree climber s provide indispensable
assistance to botanists collecting specimens from the tree canopy.
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Figure 64 1: Penaoru camp had the only "telephone booth " on
the west coast of Santo. Gilles Ebersolt, architect and invent or
of the inflatable canopy raft, is an expert in mountin g and
organising simple but fully functional bush camps in the field .

as m en tion ed abov e) a cus tom mad e p ro pell er
from th e workshops of Due-helices in France,
took alone a few hours. The prop eller was moul
ded according to original drawings , sent to Paris ,
th en trave lled by various aircrafts to Port Vila , to
be finally sen t as cargo to Lu ganvi lle. Here it was
received by Ru fino Pineda, placed in a small plane
specially h ired for the occasion to its des tinat ion
at th e airfield of Lajmoli ( the only on e on the west
coas t of Santo , near th e village of Olpo y, 15 km as
the crow flies fro m Penaoru) . Here it was picked
up by Faus tin (the "second in comm an d " to Dan
Molczadzki, our camp manager), who left Penaoru
at da wn by h orse to reach Lajmoli . Retu rn ing by

Figure 642: The team embarking on the t raverse of the
Cumb er/and Peninsula, sti ll smiling prior to the rain that would
accompany them for six days.

Figure 643 : Difficult progress in the valleys hemmed in by the
central mounta in chain of the Cum berland Peninsula.

the sam e rou te alon g the coast, but at high tid e,
the horse did not like th e ide a of having to cross
a stretch of the sea , and threw bo th propeller and
rid er over its head. Faust in finished th e journey
on foot , tak ing th e horse by th e bridle and the
"surviving" and "miraculously unscathed" pro
pe ller und er his arm. This adv en ture took a total
of one week.

Exped itions do not , in most cases, turn out to involve
qui te the extreme hardship and adventure tha t we
might imagine, although it does sometime happen.
We found that investi gating the leeward side of the
mountains of the Cumberland Peninsula to not be
eno ugh to give an overview of the flora and fauna of
forests in the west and north of the island , so a tra
verse from west to east of the cape was deemed neces
sary to collect specimens on the windward slopes
(Figs 642 & 643). For the 15 villagers, 10 "volunteer "
scientists, our doc tor and film crew who took part , the
joy of the first 24 hours soon receded: for six whole
days the rain fell in buckets withou t stopping, turning
a mountain trek into a wet nightmare marathon.

It was hard , if no t impossible, work for meagre
resu lts: the anti cipa ted variations were not observed .
And apart from significant differences in the relative
abu ndance of different spe cies, the floristics appeared
abou t the same on one side of the main ridge as the
other. A "bOldoLlh" (feral cow, especially abundant in
these forests even at the highest alt itudes) paid the
price for this trip . An improvised hunt thus bro ught a
few kilos of meat for the team who were ru nning low
on food (Fig. 644) . Fairly exha usted but overjoyed ,
the little band reached the beach of Piamatsina vil
lage, on the east coast of the Cumberland Peninsula
where the Euphrosyne was wai ting to take the m back
to Luganville, its penultimate trip with the scientists
of the Santo expe dition .

The ship finall y arrived to collect the last of the
volun tary castaways in the Penao ru valley on the
5th December. The Euphrosyne and her crew had
spent nearly 30 days at sea in total, transporting
the wav es of researchers who made it to Penaoru
to wo rk on terra firma .

Figure 644: The boulouk hunted that morning provided a feast
for the c. 20 people who took part on the traverse.
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RESULTS

Compared to co nven tional natural histo ry mis
sions , that usually mobilise just one to three collec 
tors on a specific topi c , San to 2006 was in novat ive
in the diversity of the sa mpling means use d and
th e size of the teams deployed on si te during th e
mission , as we ll as in labora tories after the mission.
W ith th e exception o f birds , we expec ted to di sco
ver new species in all gro u ps of anima ls and plants.
However, even whe n you're th e firs t to exp lore a
cave , reef or the canopy of a large kao ri on Santo ,
it is rare for a sc ien tist to be in the si tuat ion where
they can im mediately sho u t eur eka I at the tim e of
coll ect ion . (Figs 645 & 646 )

Figure 645 : Denis Wirrmann in the karst team lab of CETRAV.

Figure 646: Elizabeth Brown in the « field laboratory » of the
Penaoru camp .

In most groups o f inve rtebrates , the nu mb er of
species already known is simply too high for even
a specialist to remembe r just ten pe r cen t of th e
species in "his" gro up. Most of the tim e, it is no t
kn own at the time of co llec tion if what is bein g
co llec ted is new or already kn own . And eve n if a
certa in crab or beetl e is unknown , it does not mean
th at it is a new species. An expe di tion th erefore
ends with containers filled with bags and boxes
filled with alcohol or formaldehyde, piles of dried
plants p ressed be twee n sheets of newspapers , im a
ges and so unds reco rde d on computers, annotated
maps , lists of collec tio n localities, GPS points... Th e
containers left Santo in late December 2006 and
arrived at the Paris Museum in Mar ch 2007. The
chain of opera tions continued the n in to specia list

hands . Before that, all samples mu st be so rted into
families; each specimen mus t be recorded by a
"coll ection event" or a locat ion , with its latitude ,
longitude and altit ud e or depth. It goes withou t
saying th at it is not th e same people who are able
to so rt flies caug ht in a Malaise trap or snai ls in
a dr edged sam ple. Sort ing is th e bottl en eck that
cons tricts th e ou tco me of man y inventory proj ects ,
beca use while th e field ph ase is fun , met iculousl y
sorting specimens can quickly become monoto
nous . Finally, when all th e mat erial in a given
gro up is fully sorted into fam ilies, the real work
of sys tematic study can begin . Th is relies on an
intern a tional network of specia lists . Syst ematics
is a branch of biology wh ere there is little co mpe
tition among researchers : there is plenty to study
an d we are few in number I Taxonomis ts th us form
an "Int ernational " team where everyone has h is/her
micro-spec ialty. Thus, Roland Gers tme ier of the
University of Munich is a spec ialist in beetl es of the
family Cleridae , and so naturally it is he who has
stud ied the Cleridae of San to, w hile Yves Terr yn of
Ghen t, Belgium , is a specialis t in marine gastropo ds
of the family Terebridae, and so nat urally it is he
who has s tudied the Terebridae of San to . It is these
specia lis ts, and their ilk, who , two, three or even
ten years after the collection of a sample , are able to
say "this species is new." The eureka ! moment may
be deferred even longer, as th ere are families whe re
there are absolutely no sp ecialis ts in the world. O f
course, it would be unscie n tific to ignore or discard
the samples of suc h famili es : th ey were cos tly to

co llec t, so rt and lab el , and it is almost certa in that
we will not be able to return and do a co llec tio n
whe n there is an oppo rt unity to st udy them . It is
prec ise ly one of the ro les of museums to archive
suc h temporari ly or ph an ed collect ions .

At the time of writing th ese lines , the expedition
had ended four years pr eviousl y, th e sp ecialized
so rt ing has been completed for the marine fauna
and flora , and is on tra ck to complete this for the
insects and soil fauna . It is therefore possible to
take stock of the collec tion s and observa tio ns and
to report specific results , but it is too early to make
a sum mary review of all th e resul ts . In tot al , we
believe we ha ve identified so far abo u t 650 spec ies
of plants (h igher plants , ferns , mosses and live
rworts) , 350 spec ies of fun gi and well over 1 700
spec ies of terre st rial animals - mos tly invert ebra
tes , of cour se- but th ere are still a lot to s tudy. In
th e marine realm we ha ve recognized 11 00 species
of dec apod crustaceans, 4000 species of molluscs,
and 650 species of fish . To pu t these numbers
int o perspective, note tha t in all the seas around
Europ e, from Spitsbergen to the Canaries and from
Iceland to the Eastern Med iterran ean , there are 672
known speci es of dec apod crus tacea ns! Hund reds
of new spec ies ha ve witho u t do ubt been collec ted
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-we predic t, cau tiously, 1000-2000- and these
are in almost all gro u ps.

But behind these numbers lies a more complex bio
logical reality. Paradoxical as it may seem, the scien
tists on th e Santo 2006 expedition have not fou nd
the fauna and flo ra of Santo to be a ll that rich.
Througho ut th e plan et , cloud fo rests above 1 200 m ,
despite the visua l appearance of exubera nt ju ngle ,
turn out to be parti cul arl y poor in species of insec ts
and sna ils. W he the r at sea or on land , more than half
the spec ies have been see n only once or twice, an d
in low numbe rs at every encoun ter. Spec ies diver
si ty is especially high out at sea , but with ex tremely
low nu mbers and res tric ted to one or a few sites of
occ u rre nce ; it is therefore necessary to work hard to
discover these species one by one, one after ano ther,
far from the image of plenty tha t cor al reefs convey.

Ou twardly the Santo 2006 expedition differs little
from the na tural history expedi tions conducted 50 or
100 years ago , but, in reality, the nature of the da ta
obtained from the samples has changed a lot. We now
know that in all ecosys tems most species are naturally
rare an d small , and accord ingly we deployed relevant
methods for collec ting and sorting: Malaise traps
for small llying inse cts , for example, Berlese funnels
for soil fauna, and brushing baskets for flushing out
sessile invertebra tes off coral rubble, sieving residues

down to a 0.5 mm mesh , routi nely sorting samples
with a binocu lar microscope. Although we returned
from Santo with many new spec ies, it was primarily
because we collec ted animals in a genera lly very
poo rly sampled size range. Ano ther difference with
the natural his to ry expedi tions of previou s genera
tions was the georefe rencing of samples and the col
lection of images and associa ted sounds . At least 3000
species of Santo were photographed alive and the calls
of dozens (grasshoppers, bats) have been recorded,
provi d ing taxonom ic charac ters tha t are obv ious ly
no t available from a preserved s pecimen. Finally, the
massive everyday presence of molecular techniques in
systematics requires - or permits according to one's
point of view - the collection of fresh tissues for gene
seq uencing. l n th is regard, the Santo ha rves t is excep
tional beca use our working conditions -whethe r
in camp in Penaoru , at the Maritime College, or
CTRAV - benefitted from a "scienti fic com fort " that
most na tura l history expeditions would ha ve envied.

With 16 km of sub terranean tunnels n ewly explo
red and cha rted, San to 2006 has prac tically multi
pli ed by tenfold the known undergro und network
on San to . New archaeo logical si tes we re disco vered
but , unfort unat ely, none of th ese sites co n tain ed
Qua te rnary vertebrate remains as have bee n fou nd
on Efa te . Po llen cores from swampy areas will
allow for pa leoclimatic analysis .

WHAT DIFFICULTIES DID WE MEm

The taxonomic im pedim en t that we men tioned in
the introduct ion to this article is exacerbated by the
new modali ties of acce ss to biodiversity. Whether
for basic or applied research , th e collec tion and
expo rt of scientific samples is only possibl e under
s tric t laws tha t have their or igin in the Convent ion
on Bio logical Divers ity (CBD) . Thinking that they
will ge t th e ear o f decision makers and opinion lea
de rs, and th erefore fundi ng for their research , so me
scien tists have mad e them selves th e herald s o f a
"useful" biodi versity, fo r which one would only have
to stretc h ou t one's hand s to discover new mo lecu les
and ge nes . Th e mon etar y valuat ion of ecosystem
services arises from th at same att itude of mind.

This commercialisation of biodiversity has created a
sense of suspicio n and even hostility towards scientists,
who are now routinely susp ected of biopira cy by lawyers
and diplomats from developing countries, and who the
refore do no t want to take any political or economic
risk by au thoriz ing the exploration of the biodiversity
of their countries. Ou tside the taxonomists camp, for
whom "each spec ies counts", biodiversity tends to be
stro ngly considered as a sum of "resources".

Th e CBD also do es not speak of "species" but of
"gene tic resources ", and gave birth in the South

to hopes and expec ta tions of income , patents and
royalt ies th at we do no t h esitat e to describe as
unreasonable. Scie n tis ts from th e No rth -like our
se lves - mot ivat ed by a se lfless interes t in resea rch,
are un der suspicion , at best, o f doing irrelevant
research for th e hos t co u n try, and at worst, o f lyin g
and o f being biopira tes in disguise . It is alarmi ng
to no te th at while eve ryo ne pretends to be co ncer
ned abo ut th e fu ture of biodi versity and species
ex tinctions, the work of exploring and describing
biodiversity is severely ha mpered by numerou s
regulato ry barriers and att itudes .

On the 28 th June , 2006, the Daily Post of Port Vila
pub lished an article enti tled "Scientific research gets
fi rst butting from Government institution" in which
Ralph Regenvanu , Di rector of th e VKS (Vanuatu
Kaljarol Senta) was concerned about the inability of
Vanuatu to supervise and mo nito r the research on
its biodive rsity, maki ng pa rticular reference to Santo
2006, and noting tha t Vanua tu is "simply relying on
the goodwill of our Frenc h colleagues to ensure misap
propriation of national heritage does not take place".
During the expedi tion , Mr. Regenvanu sugg ested a
mo ratorium on all research conducted by foreigners
as long as th e coun try does no t have a Scien ti fic
Research Council.



We are here at the heart of the misun derstanding
abou t the meaning of bio diversi ty. For taxonomis ts,
bicdiversity means mi llions of species of plants ,
fungi, ani mals - mo stly insects and parasi tes 
among which a tiny portion (less than 1%) is culti
vated, reare d or used by man . For ethnobiologis ts,
lawyers and eco nomists , biod iversity consis ts of the
hu ndreds of spe cies consumed, used or bred by ma n ,
plus a few others for which it has no t yet been found
wha t they could be used for but are consid ered to be
reservoirs o f gen es and molecules awaitin g patents.

In response to the fears o f Ralph Regenva nu , we sen t
on the 8th J uly 2006 a lett er to Russell Nari , who in
the mea ntime had become Director of the Ministry
of Lands, to describe the measures we had taken
to ensure that there would be no "loot ing" of the
natural reso urces of Vanuatu, 'vVe remind ed him that
we had taken not e of the rese rva tions made by the
au thori ties in Port Vila rega rding researc h in ethno
botany and eth nopharmaco logy, and we emp hasized
that the scientific program of the expedition no lon 
ger con tained an y topic that could be eq ua ted with
bioprospecting for genes or molecules of com mercial
in teres t. \Ve also st ressed tha t to prevent any conflicts
of int eres t and ambigui ty, we had refrained from see 
king funding from fou nd ation s or private co rpo ra
tions whose business is related to living orga nisms
or their der iva tives; so we had deliberately refraine d
from seeking support from companies in the seed
indus try, cosmetics or pharmaceuticals . We em pha
sised again that the agreement signed be tween the
Governmen t of Vanua tu and the MNHN anticipa ted
the co ncerns of local au thorities as it clarified tha t
the expe dit ion "commits to collect information and
spe cime ns for academic and management purposes
onl y. Unde r «academ ic and management pur po
ses» , the part ies includ e any purpose other than
commercial and indus trial". Reflecting the concern
of the VKS Director vis-a-v is bioprospectors, the
memorandum even sta tes that "th e Cu ltura l Cen ter
will give its prior consent to any publicatio n that
might con tain elements of indigenous or tradit ional
kn owledge gathered by the project."

Figure 647: The expedition "headquarters" at Vanuatu Maritime
College received the visit of Ham Lini Vanueroroa, the Prim e
Min ister of Vanuatu .
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Fina lly, despi te the absence o f a Scie n tific Resea rch
Council , we have ourselves ac tively sought an d
solici ted parti cipation of local sci en tists and techni 
cia ns whenever po ssible on the expedi tion , an d in
coopera tio n with th e Minist ry of Ed ucat ion , have
sought to involve Ni-Vanua tu st ud en ts . In to ta l,
despite the obvious lack of local academic ins ti
tu tio ns in the field of biodiversity, ten Ni-Vanua tu
(Sarn Chanel, Tarere Garae, An tho ny Harry, Do nna
Kalfa tak, George Mata riki , Vatumaraga Molisa,
Charles Tari, Grah am Taridia, Emily Tasale ,
Samson Vilvil-Fare) participa ted on the expedition
within the scientific team . Foll owing the expedi 
tion , Samson Vilvil-Fare received a gra nt from the
Territory of New Ca ledo nia to do a Masters degree
at th e Pierre and Marie Curie Universi ty in Paris.
This will provide him with the found ation needed
to ini tia te, conduct or evaluate th e managemen t of
biodiversity when he ret urns to h is country.

In res ponse to the co ncerns ra ised in Po rt Vila,
we required each participant prior to th eir arri
val in the field to sig n the "General Co nditions"
whic h s tate that "a research and collec ting permit
has been issued by the governm ent of Vanuatu
collec tive ly for th e Santo 2006 expedi tio n. Th e
Partic ipa n t/Visitor declares tha t he/she has been
info rm ed o f th e agreeme n t sig ned be tween th e
co-organi zers and the Gove rnmen t o f Vanua tu and
un dertakes to comply wi th the ru les as sti pu lated
in that agreemen t"

Figure 648: Several open days were organized to reach out to
school children, VMC staff and other interested parties, who could
visit the laboratory and interact wit h the scientists.
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WHAT DO WE LEAVE BEHIND?
T he marine and "Fallows and ali ens" modu
les ope rated mo stl y in th e "deve lope d" parts of
San to, while the Karst, but es pecially th e "Fo rests ,
Mou ntains, Rivers" modules worked in th e poorly
deve lo ped regio ns wi thou t inf rastructure. It is
diffi cult to answe r th e qu esti on "wh at ha ve yo u ,
eth ica lly and eco no mically, left beh ind ?". As orga
ni zers of the proj ect we have a lways be en carefu l,
whoever our int erlocutors we re in Vanu atu , to
clar ify our in tentio ns and goa ls and s tress th a t a
scie n tific in ventory of biodiversit y is not a deve
lopment proj ec t. We ha ve, ho wever, w he re ver
possible and in accordance wi th our commitments
vis-a-vis all partners , includin g our fina ncial bac
kers , sough t to act in the lo nge r term in te res ts
o f Van ua tu and th e island o f Espiritu San to in
parti cu lar.

Th e splend id iso lation of the village of Pen aoru
made it di fficu lt to transport people and equipme nt
from Lugan ville to the wes t o f Santo . We cons idered
leasing a boat from an Australian operator in Port
Vila , but we finally chose to rehabilitate, within the
budget of the ex ped ition, the ELLphrosyne , an ancient
boat of the former British High Co mmissioner at
the tim e of the condo mini um and today the pro
perty of the Vanua tu Marit ime College (VMC) .
Thi s choice, although much more expensive from a
simp le accou nting poin t of view 005 000 € , or 10 %
of tot al ope rationa l budget of the expedition ), was
don e so that the islan d of San to and the com munities
of the far north of Vanuatu (in particular the Tones
Islands) could ben efit in the longer-term from the
ex pedi tio n. Th e ac tivity report s of Euphrosyne sent
to us by the VMC confirm Cl posteriori our cho ice ,
since all the communities of the island now potenti
ally benefit from the services of this vessel ( training,
transportation , medical assist ance) , and thus indi
rectly from the investment made by the project.

Even though the presence of the scien tific team has
not transformed the lives of Penaoru or the west
coas t of Santo , it has helped put focus on one of the
villages (Penaoru) , which has benefited from thi s
situation . By en trus ting the leadership of the camp
to Dan Molczadz ki, the young French agron om ist
wh o speaks Bislarna, we could be confident that his
ex per ience gain ed during two years with the rural
communities of Santo (POPACA project assis tance
to coco nu t farm ers in co pra , coffee, cocoa) wou ld
resul t in the impl ementation of a number of impec
cabl e ethical/ social practices: a fixed salary of 1000
VT/day per person accord ing to the tar iff defined by
the VKS for its fieldworkers , and applied to all wor
kers (porters, guides, assistan t cooks) ; never more
than six working days per person per week, and on
average three days/week/person ; a rotation syst em to
offer jobs to as man y people as possible (especially
for the camp assis tants) ; a rotation sys tem to su pply

fresh produce to guarantee an income to a maxi
mum number of peopl e. A village man agem ent com
mittee was formed with regular meetings (almost
daily) between Dan and Ruben Boe, the sec retary
of the committee, which he lped bring atte n tion to
the comme nts/claims of the villagers. The biggest
tension was in fact "in ternal" wi thin our hosts , with
workers from nearby villages fearing that the wages
du e to them wo uld not be paid by the management
committee, wh ich was co mposed so lely of residents
from Penaoru . In to tal, 96 resid ent s of th e wes t coas t
o f Santo "parti cipa ted" in the project, 44 were from
Penaoru (the village has 103 inhabitants, in cluding
wo men and child ren over the age of 3) , the 52
othe rs wer e mostl y from the neighbouring villages
of Nokuku, Petawa t, Sules, and Wu non. Th e expe
dition directly inje cted (through camp const ru ction,
portering, cam p ass is tan ts , supply fees , guides ...)
approximately 2.4 millio n VT (approximately 18 000
euros) into the econo my of the village and su rro u n
d ing villages. In addition, of course, there are the
buildings of the camp itself, and the equipment that
was left behind at the end of the expedition , u nde r
the respons ibility of the village managem ent co m
mittee. After the ex pedition , Rufino Pineda, wi th the
suppo rt of the Rotary Clu b of Santo cam e back to
inst all a large 1100 litre wat er tank and a rainwa ter
catchmen t syst em . The ide a of transforming the
ca mp s truc ture to acco mmo da te eco tourists has
unfortunately fizzled out, as the traditional own er of
the site where the camp was located did not accep t to
sha re the man agement and an y profits deriv ed from
such a venture wi th the communi ty.

But our most important legacy, from ou r po int
of view, is the presen t wo rk , which finally brings
together the key discoveries to date of the exped i
tion , and is a sort of se ttlemen t of our debt towa rds
Vanua tu. It is th e co llective legacy of the parti cipants
in one of the grea test natural h istory exp edi tions
ever organized , and it embodies the commitme nt o f
its orga nizers to return the acq uired knowledge in a
for m ap propriate to the author it ies of the Repu blic
of Vanua tu. Th e amount of informati on co llected
here on the na ture of th e islan d of Santo will doubt
less be a reference to biologists and conservat ion
pr actitioners for the island of San to for a lon g tim e.

Taxonomists publish their results in the form of spe
cies desc riptions that appear in articles scattered in
highly specialized journals read only by specialists ,
and the publica tion of the resul ts of a large natural
h istory ex ped ition is never over. New findin gs still
emerge from the "Mangareva n Expedition " led by
the Bish op Museum in Honolul u in 1934 .. . Santo
2006 will be no exception : it is likely that descri p
tions of species co llected during the expedition will
con tinue to app ear in 20 or 50 yea rs. However, it is
not necessary to have identified every snail an d every



beetle to publish the overall results that are awaited
by the biological community. The Natural History oJ
Santo ful fils this function. In a little over 500 pages ,
the geography of the island , the main habitats, and
the uniquen ess of the fau na and flora , are all presen
ted in a scient ific lan gua ge that is also free , as far as

The Natural Historyof Santa

possible, of specialist terminology. Thi s is the book
we would all have liked to have had with us wh en we
arrived in San to, and we hope tha t th is will be a boo k
that will inspire other exp lore rs in the Sou th Pacific,
and will be useful in Vanuatu for the management of
its natural heritage.

EPILOGUE

155
Scientists, incl.

technicians,
students,
amateurs

233 Participants
24 nationalities

58
Management team
and technical staff

20
Media and education

Figure 649: Participants on the Santo 2006 expedition: listed
by function.

The Santo 2006 expedition showed that ambitious
invent ories are possible by deploying the appropriate
logistical and h uman resources (Fig. 649). On Santo,
the inven tory of the fauna and flora has reached a
high degree of comp leteness and the initial objective
to sample" from the breaking of the waves to the top
of the mountains" has been achieved. The expedition
was no t the first mounted by the three proj ect par
tners , but it was undo ubted ly the first to invol ve so
many scientis ts in the field, to cause as much imp act
in public media and, somehow, to restore the prestige
ofnatural history exploration. While it was predictable
that its researchers would return from a Pacific Island
with new species of fish , shrimp or crickets, we cou ld
not have expec ted that the French business newspa
per Les Echos would devote half a page to Santo 2006
with the title "The return of the great natural history
expedi tions?", or that the book by Vincent Tardieu
and Use Barn eoud (Santo, les exptorateurs de l'Ile pla
nete) publ ished by Belin would be so well received,
or that the docum ent ary movie entitled "Santa, I'ile
planete" broadcasted on France 3 in connec tion with
the program Thalassa , later rebroadcasted in two parts
on TV cha nnel France 5 and interna tionally on TV5
Monde would reach over 4 millions viewers . A hoped
for but not expected resu lt of Santo 2006 was that it
would demonstrate that it is possible to get the pub lic
int erested in all areas of biodiversity.

What we re , in ret rospect , th e reasons for thi s
success? To an ent h usias tic publi c , w ho are fully
sa tura ted -even jade d - by images , the wea lth
of digit al ph otographs co llec ted during th e expe
dition was a real revelati on of th e world of th e
tin y/cryptic co mpo ne n ts o f biodiversity that are so
poorl y kn own . Th en , when we se t up th e exped i
tion , we tri ed to pu t th e in ventor y of biodi versity
in its human co n tex t and roo ted in its hist ory:
paleocl im at ologist s , archaeolog is ts , dendrochro
nologist s have turned th eir a tte nt io n on th e past
mi llenn ia; ethno logis ts, lawyers and biodiversity

Figure 650: Peter Lowry, a botanist from the Missouri Botanical
Garden, linked to the world by Wi-fi in the mess hut. High
technology reached Penaoru before Luganville, thanks to
Telecom Vanuatu Ltd.

Figure 651: Nature artist Roger Swainston at the Penaoru
camp. Large expeditions like Santo 2006 bring on board other
professions than just scienti sts.
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economists have been concerned with the percep 
tions of th is biodiversi ty and, finally, journalists ,
photograph ers , illustrators , filmmakers and tea
chers have sh ared the life of the expedition with
great numbers of people, in th e host coun try as in
France (Figs 650-652) .

This change of scale in biological surveying, with an
opera tion involving 233 participan ts from variou s
levels and nation alities in the field work, has facili 
tated th e mobil izati on of legal resources and dip lo
matic support to respond to changes in the way of
accessing biod iversity. Beyond Santo, we hope to
have shown how th e pursu it of legitimate academi c
research and th e growth of research collections of
fauna and flora must take place through the deve
lopment of good ins titu tional pra ctices , including
inp ut from th e human scien ces , to negotiate trans
parent condi tions for access to biodi versit y, to give
guarantees on th e resu lting research (aca de mic vs
gen es / molecul es) that meet negoti ated commit
men ts, an d to learn how to implemen t th e means
of restituti on and sh are the "benefits" with th e
countries of th e Sou th .

Figure 652: Preparation for diving at Amarur cave.

This chapter is a translation - slightly edited - of:
BOUCHET P, LE GUYADER H. &: PASCALO. 2008 . - Des voyages de Cook a l'expedition Santo 2006: un renou
veau des explorat ions naturalistes des rles du Pacifique.]ournal de la Societe des Oceanistes 126-127: 167-185.



2006 Expedition in the Classroom
Sophie Pons & Alain Pothet

An ex pe d ition lik e Sant 02006 is a good
vehi cle to inc rease the awareness of
sc hoo lch ild ren on the d ive rsi ty of life ,
and to introduce th em to 'science in
ac tio n '. While th e ex pedition was in
Santa, Emmanuel Vincen t presented
th e ex ped ition in c lass rooms in seve
ral o f th e sch ools of Lugan ville , and
organ ized teach ers visits of our marine

lab oratory, a t the Vanua tu Mari time Co llege . Bu t
Vanua tu is an ins u lar co unt ry, and we had th e desi re
to reach beyond Luganville an d Santa . Thanks ta
the European Com mission o ffice in Vanua tu and th e
French Embassy in Port Vila, a series of 10 posters
was de sign ed by exped ition scientists and printed
locally in Port Vila. With a print run of 50 0 copies ,
it was possib le ta dissemi nate them th rough th e
Van ua tu Min istry of Educati on to every sc hool in
th e co un try. This educ a tio na l mat erial add resses a
variety of b iodivers ity themes in th e th ree ma in lan 
guages of Vanua tu (Bislam a, Eng lish and Fr ench):

• Nudibranchs/Kala blong solwota

• Stopern faea Anis blong karn long Vanuatu l [Prevent the
arrival of the fire ant in Vanuatu ]

• Mimicry/Animol we i kiarnan luk olsem nara wan

• Endem ism
• Bats ol Vanuatu
• Life hidden undergroundlLaef blong andanit graon

• Santo 2006: Expedesen blong stadi deaversiti long laef
[An expedi tion to study biodiversiry]

• Terrestrial mammals of SanLO

• When vines steal our gardens

• Looking [or insects.

After th e expedition, add itiona l ed ucat iona l and sup
port ma teria l was pro du ced in France through a pro 
ject lau nch ed by Gerard Bonhour e, Gene ral Inspecto r
of Education , implemented by the ACCES team of
the Insti tu t Na tional de Recherche Pedagogique
(Fra ncoise Morel, Alain Po th er, Nao um Salarne an d
Ge rard Vida l.) and th e MNH N Educa tion Department

(Sop hie Pon s) , and involving a large grou p of educato rs
and teachers (Ala in Boissie res, Clau d ie Bon ne t, Gilles
Camus , j ulien Chamboredon, Chris tophe Charil lon,
Monique Dupuis, Anne Florimond, Mich elle Folco,
Gi lles Furelaud, Francoise jauzein, Samuel jean,
Philip pe Lejamble, Marie-Laure Le Louam Bonne t,
Sop hie Mouge, Elisabe th Mou illeau, j ean-F ran cois
Rodes, Anne Viguier) . A spec ially develop ed web
site ma de a variety of reso urces ava ilable to classes:
summary art icles, in terviews of research ers , ed uca
tional strategies, discussion forums, etc . Thro ughout
the 2006-2007 academi c year, twelve pilot classes
(teache rs : Benoit Bena rd, Claire Calmer, Christ ine
Chevade, Martine Depach eterre, Valeric Fages , Sabi ne
Lavorel, j ean Marc Lepage, Fran coise Pouj ol, j erorne
Rec hag ne ux , Khad ija Tehhoune, Delphin e Tessier
and Thierry Wo ln iak) developped proj ects about or
aro un d the expedition. W hi le some classes chose
to discover the biodiversit y of San ta or the customs
of Vanuatu , others deployed the techniques of the
researche rs to organ ize the ir own "expedition " near
their sc ho ol. The work of these class es was presented
by the chi ldren the mselves at the occasion of a co nfe
ren ce held at MNHN on June 5, 2007, th rough pre
se nta tio ns , posters and "pub lica tio n" o f thei r work.

--_._--- - _._ -_...------- --- -- 1_,__-



Including
Scientists: 155
Management team, technical staff & field support: 58
Media & outreach: 20

2006 Expedition Participants list
@
~§ Total number of paticipants: 233

G0
V2J (Institutional affiliations as of 2006)

• •• Australia
Elizabeth BROWN, Royal Botanic Gardens, Sydney,
Stefan EBERHARD, Department of Conservation

and Land Management, Wanneroo,
Roger KITCHING, Griffith University, Brisbane,
Roger SWAINSTON, wildlife artist, Perth,
Fred WELLS, Dept of Fisheries, Perth,
• •• Belgium
Thibaut DELSINNE, Institut royal des Sciences

naturelles de Belgique,
Maurice LEPONCE, Institut royal des Sciences

naturelles de Belgique,
Yves ROISIN, Universite Libre de Bruxelles,
• •• Brazil
Milton BARBOSA da SILVA, Federal University of

Ouro Preto,
• •• Brunei
David LANE, Universiti Brunei Darussalarn,

• •• Fiji
Philippe GERBEAUX, IUCN Regional Office,
Marika TUIWAWA, South Pacific Regional

Herbarium, University of the South Pacific,
• •• France
Laurent ALBENGA, MNHN,
Marc ATTIE, Universite de la Reunion,
jean-Francois BARAZER, Captain,
Lise BARNEOUD, science journalist,
Anne BEDOS, MNHN,
Florence BELLIVIER, Universite Paris 10 Nanterre,
Denis BERTRAND, camera operator, film crew,
Gregory BEUNEUX, Groupe Chiropteres Corse,
Lucie BITTNER, MNHN,
Emmanuel BOITIER, Universite de Limoges,
Jean-Michel BORET, camera operator IRD,
Philippe BOUCHET, expedition eo-director, MNHN,
Frank BOUZID!, Genavir, RN Alis shipboard party,
Delphine BRABANT, MNHN,
Franck BREHIER, free-lance speleo diver,
Florence BRUNOIS, MNHN,
Bart BUYCK, MNHN,
Magalie CASTELIN, MNHN,
Vincent CHEVALIER, Genavir, RN Alis shipboard

party,
Guillaume CHIPY, Universal-Sodexho,
Regis CLEVA, MNHN,

Dany CLEYET-MARREL, pilot,
Alain COMPOST, camera operator and special effects,

film crew,
Bruno CORBARA, Universite Blaise Pascal,

Clermont-Ferrand,
Louis DEHARVENG, MNHN,
Xavier DESMIER, photographer,
Laure DESUTTER, MNHN,
Jean DROUAULT, mechanical engineer (Canopy-

Glider),
jacques DUMAS, dive master,
joelle DUPONT, MNHN,
Frederic DURAND, Soc. d'Histoire Naturelle Alcide

d'Orbigny,
Gilles EBERSOLT, logistics,
Franck ESCUDIER, camera operator, film crew
EIsa FAUGERE, INRA Avignon,
Christian FLEURY, logistics,
Benoit FONTAINE, MNHN,
Olivier GARGOMINY, MNHN,
jean-Bapnste GOASGLAS, tree climber & logistics,
Olivier GROS, Universite Antilles-Guyane,
Bernard GUERRINI, film director, film crew
Thomas HAEVERMANS, MNHN,
Virginie HEROS, MNHN,
Rene HEUZEY, underwater cameraman, film crew,
Damien HINSINGER, MNHN,
Frederic HONTSCHOOTE, web journalist,
Sylvain HUGEL, CNRS,
Ivan INEICH, MNHN,
Philippe KEITH, MNHN,
Ronan KIRSCH, associate MNHN,
Jean-Noel LABAT, MNHN,
Dominique LAMY, associate MNHN,
Nadir LASSON, free lance speleo diver,
Herve LE GUYADER, expedition eo-director,

Universite Paris 6,
Herve Le HOUARNO, Genavir, RN Alis shipboard

party,
Philippe LEMARCHAND, web journalist,
Veronique LESNARD, assistant director, film crew,
Bernard LIPS, Federation Francaise de Speleologie,
Josiane LIPS, free lance speleologist,
Clara LORD, MNHN,
julien LORION, MNHN,

• 550



Olivier LORVELEC, INRA,
Selim LOUAFI, Institut du Developpernent Durable

et des Relations Internationales,
Pierre LOZOUET, MNHN,
Michel MARIN, camera operator, RFO,
Philippe MAESTRATI, MNHN,
Frederic MATHIAS, tree climber / arborist,
Didier MOLIN, MNHN,
Dan MOLCZADZKI, Penaoru camp manager,
jerorne ORIVEL, Universite Paul Sabatier,
Michel PASCAL, INRA,
Olivier PASCAL, Pro-Natura international, expedition

eo-director,
jacques PELORCE, associate MNHN,
Patrice PETIT-DEVOIZE, dive master,
Marc PIGNAL, MNHN,
Danielle PLACAIS, associate MNHN,
jean-Claude PLAZIAT, Universite Paris 11,
Odile PONCY, MNHN,
Marc POUILLY, IRD,
Vincent PRIE, attache MNHN,
Pierrick PRIGENT, Genavir, RN Alis shipboard party,
Nicolas PUILLANDRE, student MNHN,
Laurent PYOT, logistics (Canopy-Glider),
Eric QUEINNEC, Universite Paris 6,
Frederick RANNOU, Genavir, RN Alis shipboard party,
Marc REBUTINI, camera operator, film crew,
Claude RIVES, photographer,
Marine ROBILLARD, MNHN,
Tony ROBILLARD, MNHN,
Christine ROLLARD, MNHN,
Germinal ROUHAN, MNHN,
Sophia SALABASCHEW, production sound mixer,

film crew,
Sarah SAMADI, IRD,
Mathias SCHMITT, journalist, scenarist, film crew,
Sylvestre SEGAUD, technical staff,
Anne-Marie SEMAH, IRD Bondy,
jean-Yves SEREIN, tree climber / arborist,
jererny SIMONNOT, assistant camera, film crew,
Laurent SOLDATI, INRA,
Adeline SOULIER-PERKINS, MNHN,
Vincent TARDIEU, science journalist,
jean-Marc THIBAUD, MNHN,
Xavier TRAVEL, Genavir, RN Alis shipboard party,
Renaud TUFFREAU, Genavir, RN Alis shipboard

party,
Fabienne TZERIKIANTZ, Centre de Recherche et

de Documentation sur l'Oceanie,
Claire VILLEMANT, MNHN,
Emmanuel VINCENT, Ecole Normale Superieure,
Rudo VON COSEL, MNHN,
Denis WIRRMANN, IRD,
Magali ZBINDEN, Universite Paris 6 / CNRS,
Robert ZAMORA, Genavir, RN Alis shipboard party,
Luc ZELMAT, Universal-Sodexho,
• • • Germany
Timea NEUSSER, Zoologisches Staatsammlung,

Munich,
Milan PALlMANN, Museum fur Naturkunde,

Stuttgart,
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]Urgen SCHMIDL, University of Erlangen,
Arnold STANICZEK, Museum fur Naturkunde, Stuttgart,
• •• Indonesia
Mark ERDMANN, Conservation International,

Raja Ampat Program,
Cahyo RAHMADI, Museum Zoologicum Bogoriense,

• •• Italy
Marco OLIVERIO, University of Roma,
Stefano SCHIAPARELLI, University of Genoa,
• • • Japan
Yasunori KANO, University of Miyazaki,
Takuma HAGA, student, University of Tokyo,
• •• Netherlands
Charles FRANSEN, Naturalis, Leiden,
Adriaan GITTENBERGER, Naturalis, Leiden,
Bert HOEKSEMA, Naturalis, Leiden,
Willem RENEMA, Naturalis, Leiden,
• •• New Caledonia
Nicolas BARRE, Institut Agronomique Neo-Caledonien

(lAC) / CIRAD,
jean-Michel BORE, IRD,
Cyril CHEVALIER, medical doctor,
Christophe CHEVILLON, IRD,
Valerie DEMORY, medical doctor,
Christian FIT lALEATA, Genavir, RN Alis shipboard

party,
Eric FOLCHER, IRD, professional diver,
jean-Christophe GALIPAUD, IRD,
Michel de GARINE-WICHATITSKY, IAC/CIRAD,
Bruno GATIMEL, IRD,
Ca thy GEOFFRAY, IRD, professional diver,
Claire GOIRAN, IRD,
Nicolas jOSSE, Genavir, RN Alis shipboard party,
Herve jOURDAN, IRD,
jean LAMATA, Genavir, RN Alis shipboard party,
Gregory LASNE, IRD,
Felise LIUFAU, Genavir, RN Alis shipboard party,
Lydiane MATTIO, IRD,
jean-Louis MENOU, IRD, professional diver,
Elisabeth MERLIN, medical doctor,
Tristan MICHINEAU, medical doctor,
jerorne MUNZINGER, IRD,
Ferrand N'GANYANE Genavir, RIV Alis shipboard

party,
Claude PAYRI, IRD,
Sandrine PEREY, medical doctor,
Yohan PILLON, IRD,
jacques QENENOj, Genavir, RN Alis shipboard party,
Gwenaelle QUERMELIN, nurse,
Bertrand RICHER DE FORGES, IRD,
Frederic RIGAULT, IRD,
Marcel SAGEL, Genavir, RIV Alis shipboard party,
• •• New Zealand
Alan BEU, GNS Science, Lower Hun,
jonathan PALMER, Gondwana Tree-ring Laboratory,
• •• Norway
Anne Lise FLEDDUM, University of Oslo,
John GRAY, University of Oslo,
Camilla FRISEID, University of Oslo,
Gorild HOEL, University of Oslo,
Karen WEBB, University of Oslo,
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• •• Philippines
jo ARBASTO, fisherman, Panglao Island, Bohol,
Marivene MANUEL SANTOS, National Museum of

the Philippines,
Noel SAGUIL, University of San Carlos,
Dave VALLES, University San Carlos,
• •• Russia
Yuri KANTOR, Russian Academy of Sciences,

Moscow,
Tanya STEYKER, Russian Academy of Sciences,

Moscow
• •• Singapore

Jose Christopher E. MENDOlA, National University,
Singapore,

Peter NG, National University, Singapore,
TAN Swee Hee, National University, Singapore,
TAN Heok Hui, National University, Singapore,
• •• Spain

josep AntoniALCOVER TOMAS, Institut Mediterrani
d'Estudis Avancats, Mallorca,

Damia JAUME, Institut Mediterrani d'Estudis
Avancats, Mallorca, .

Marta POLA, Universidad de Cadiz,
Jose TEMPLADO, Museo Nacional de Ciencias

Naturales, Madrid,
• •• Sweden
Anders WAREN, Swedish Museum of Natural

History, Stockholm,
Kerstin RIGNEUS, Swedish Museum of Natural

History, Stockholm,
• •• Switzerland
Valerie HOFSTETTER, Duke University,
• • • Taiwan
Tin-Yam CHAN, National Taiwan Ocean University,

Keelung,
Masako MITSUHASHI, National Taiwan Ocean

University,
• •• United Kingdom
Geoff BOXSHALL, The Natural History Museum,

London,
Paul CLARK, The Natural History Museum,

London,
• •• USA

jason BIGGS, University of Utah, Salt Lake City,
Yolanda CAMACHO, California Academy of

Sciences, San Francisco,

John EARLE, Associate Bernice P Bishop Museum,
Honolulu,

Brian GREENE, Associate Bernice P. Bishop
Museum, Honolulu,

Porter P LOWRY II, Missouri Botanical Garden, St
Louis,

Gordon McPHERSON, Missouri Botanical Garden,
St Louis,

Mike MILLER, California Academy of Sciences,
San Francisco,

Gregory PLUNKETT, Virginia Commonwealth
University,

Richard PYLE, Bemice P Bishop Museum, Honolulu,
Marilyn SCHOTTE, Smithsonian Institution,

Washington DC,
Ellen STRONG, Smithsonian Institution,

Washington DC,
Alexey TISHECHKIN, Louisiana Sate University,
Angel VALDES, Los Angeles County Museum of

Natural History,
•• • Vanuatu

joseph BOE, guide, Penaoru,
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Anthony HARRY, trainee lAC,
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Tarere GARAE, Forest Department, Santo,
Donna KALFATAK, Environment Unit,
Rupen MARAI, assistant to the Penaoru Camp

Manager,
George MATARIKI, student, Port Vila,
Vatumaraga MOLISA, student USp' Wounpuko,
Rufino PINEDA, local co-ordinator,
Charles TARI, student USp' Port Vila,
Graham TARIDIA, student USp' Port Vila,
Leimas Emily TASALE, student USp' Port Vila,
Samson VILVIL-FARE, student, Port Vila,
Maria YORLEY, Santo,
Stephen VUTILOLO, Santo,
Steve VlRA, boat pilot, Santo,
Ritchie FRANCK, Santo,
Rony TOM, guide Penaoru

. 552



An expedition of the dimension
of Santo 2006 was only possible
through the support and understan
ding of numerous organisations, ins
titutions and individuals. First and

r(jl n foremost, special thanks go to Russell
~ Nari and Maxime Carlot, then of the

~
Mimstry of Lands of Vanuatu; ]oel

o 0 Path, Secretary General, and Daniel
Lekele Assistant Secretary General
in Sanma Province; and Bernard Sexe
at the French Embassy in Port Vila,
for their trust in the project, before,
during and after the expedition, and
to the traditional chiefs and the com
munities of Aore, Butmas, Finmele,
Funafus, Hokua, Kerepua, Malo,
Natsara, Natawa , Peavot, Penaoru,
Tasmate, Tangoa, Vatthe, Wunpoku,
and many other villages who wel
comed the scientists with a mixture of
patience, unselfishness and bemused
curiosity. They should know that
they all have left their mark in our
memories.

The path from project to expedition
was a long one, but one that bene
fitted from much interest, good will
and support, in-house and outside.
In our home institutions, Museum
National d'Histoire Naturelle's
(MNHN) Director General Bertrand
Pierre Galey enthused for the com-
bination of discovery, adventure and

international linkage contained in the project, and
he and Marie-Louise Seitz, MNHN Director of
Financial Services, personally saw that it would
not -at times- sink in the quagmire of timeless
institutional bureaucracy. At Institut de Recherche
pour le Developpernent (IRD) , Marie-Noelle
Favier, Director of Communication, Fabrice Colin,
Director of the institute's branch in Noumea, and
Patrice Cayre established the necessary institu
tional linkage and authorized the deployment of
vehicles, boats and, last but not least, the research
vessel Alis. Pro-Natura International's (PN!)
President Guy Reinaud agreed to take the risk
of accepting much of the project management
under the umbrella of Pro-Natura, and Franck
de Rouville and Pierre-Yves Simond saw that the
expedition would be accountable despite some of
its unorthodox expenditures.

The Board of Directors of the Stavros Niarchos
Foundation (http://www.SNForg) generously pro
vided major support for the backbone of the
operational costs of the expedition, notably the
terrestrial component. In this respect, the commit
ment of the Foundation's Co-President, Andreas
Dracopoulos, is gratefully acknowledged. It is also
necessary to acknowledge that the Santo 2006
expedition was realized thanks to the help and
advise of Leonidas Cambanis. The Total Foundation
(http://fondation.total.com) specifically funded the
marine component of the expedition, a continua
tion of its sponsorship of MNHN marine expe
ditions since 2000, and the support of President
Bernard Tramier, Gina Sardella-Sadiki and Laure
Fournier is gratefully acknowledged. We thank
the Permanent Secretariat for the Pacific and its
French permanent representative with the Pacific
Community, Ambassador Patrick Roussel, which
funded the Santo 2006 project within the regional
cooperation framework. Pascale ]oannot, MNHN
overseas delegate, played a key role in approaching
the Permanent Secretariat. European Commission
funding came through two channels, the European
Distributed Institute oJ Taxonomy (EDIT) and the
office of the European Commission in Port Yila,
and we thank Simon Tillier and Nicolas Berlanga,
respectively, for their contributions. Three of the
themes of the expedition (Marine Biodiversity,
Botany, and Karst) received grants from the National
Geographic Society's Committee for Research and
Exploration, and the Sloan Foundation specifically
funded the exploration of deep reefs as part of
the Census oJ Marine LiJe CReefs component, and
the advice of Peter Raven and ]esse Ausubel, res
pectively, was instrumental in the success of our
applications. Danielle Placais and Gwenaelle Le
Garrec arranged a last-minute grant from Triballat;
Michel Dupuis organized in-kind support from
Telecom Vanuatu for our communication needs;
SolvinlSolvay made it possible to bring the Canopy
Glider to Santo; and Sodexo provided personnel for
catering services at our Penaoru base camp.
In Santo, Captains Kenneth Barnett and]ohn Uoyd,
and Caroline Nalo arranged for the facilities of the
Vanuatu Maritime College (YMC) - from boats
and classrooms to refectories, dormitories and
fuel tank- to be used by the Marine Biodiversity
party and others. VMC was the expedition base
for more than 3 months and this placed high pres
sure on its personnel, at sea as well as on land.
Additionally, Alsen Obed, from the Department of
Fisheries, kindly agreed to our using their large
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boat shed on the VMC campus as our marine labo
ratory. Likewise, the Vanuatu Agricultural Research
Technical Centre (VARTClCTRAV), outside town,
was the base of the Karst and Aliens teams, and we
thank its director Marie Malterus and personnel for
having responded to our needs despite the disrup
tion this brought.

We had a programme, we had the permits, we had
the funding. After Christian Fleury had battled
hard with the shipping company to get the expe
dition equipment to Santo in time, we had the
logistics in place, and we had a scientific party. At
the risk of omitting anyone - to whom we apolo
gize in advance- the expedition leaders and all
the participating scientists are grateful to all those
who contributed their skills to the success of the
field work: pilots and seamen Go Arbasto, jean
Francois Barazer, Frank Bouzidi, Vincent Chevalier,
Napoleon Colombani, Ferrand N'Ganyane,
Christian Fitialeata, Nicolas josse, jean Larnata,
Herve Le Houarno, Felise Liufau, Pierrick Prigent,
jacques Qenenoj, Frederick Rannou, Marcel Sagel,
Xavier Travel, Renaud Tuffreaud, Steve Vira, Robert
Zamora; captain and crew of VMC's Euphrosyne),
divers (Laurent Albenga, jacques Dumas, Eric
Folcher, Ca thy Geoffray,]ean-Louis Menou,]acques
Pelorce, Patrice Petit-Devoize), climbers (Frederic
Mathias, jean-Yves Serein, jean-Baptiste Goasglas),
cooks (Guillaume Chipy, Luc Zelmat), vehicle dri
vers I guides (Franck Faustin, Charley johnson,
Stephen Vutilolo), helpers (Ritchie Franck, Maria
Yorley, Roman), photographers, illustrators and
cameramen (jean-Michel Bore, Delphine Brabant,
Xavier Desrnier, Emmanuel Boitier, Claude Rives,
Roger Swainston), IT technicians (Francis Gallois,
Didier Molin), and students and trainees (Lucie
Bittner, Magalie Castelin, Camilla Friseid, Anthony
Harry, Damien Hinsinger, Gorild Hoel, Gregory
Lasne, julien Lorion, Lydiane Mattio, Nicolas
Puillandre, Charles Tari, Graham Taridia, Emily
Tasale, Samson Vilvil-Fare, Karen Webb). In
Kerepua, custom owner Olboy allowed free access
to Mt Tabwernasana, and Matt Drury, the resi
dent Ll.S. Peace Corps volunteer, facilitated the
work of the expedition party. Special thanks go to
the Vanuatu Cultural Center fieldworkers of the
San to-Malo area and particularly Lenki Bilal from
Wusi, Ezekiel Aldi from Valpei, joseph Vira from
Avunatari in Malo, and Takau Mwele from Aore. In
Penaoru, ChiefWortut and local Ni-Vanuatu guides
Rony Tom, joseph and Ruben Boe shared with the
scientists their intimate knowledge of the forest.
We wish to highlight the role of Rufino Pineda, our
project representative in Santo, who during months
oversaw the local logistics from custom brokers
and awareness meetings with village elders, to
carpentry, renovation, hiring personnel and more;
his and Dan Molczadzki's, our camp manager in
Penaoru, local experience with attitudes and peo
ple eased many difficulties and avoided a number

of faux pas. We also wish to highlight Philippe
Maestrati, Noel Saguil and his buddy Dave Valles,
who coordinated the logistics, equipment needs
for, and unfolding of, the large marine theme; and
Chantal Parent, Virginie Heres, Charlotte Leroy
and Samson Vilvil-Fare, who arranged the com
plex paper work, international travel arrangements
and smooth local transits for close to 200 persons.
Finally the expedition organizers would like to
thank the participants themselves, for their dedi
cation, camaraderie, and spirit of discovery. All
came on the time of their institutions, and over 40
institutions in 25 countries thus provided in-kind
support through personnel and their equipment.

Through Lise Barneoud, Etienne Collomb and
Marie Lescroart, representing on site various French
press outlets, Santo 2006 was the focus of conside
rable attention -during and after the expedition.
julia Bigot, at MNHN, and Emilie Dumont, then
at Atom Production, coordinated press conferences
and the associated documentation. Thanks to jack
Guichard, its Director, and Marie Canard, several
of these meetings with the press took place at the
Palais de la Decouverte. Roger Genet, advisor to the
minister, was instrumental in having this Santo
2006 press point inaugurated by Francois Goulard,
then Minister of Research and Higher Education.
Arjan Gittenberger Frederic Hontschoote, Philippe
Lemarchand and Danielle Placais fed our web
site almost daily remotely from San to. Emmanuel
Vincent and CIaire Goiran brought the expedi
tion to the Luganville classrooms, and brought the
Luganville schoolchildren to visit our facilities.
The post-expedition education component, coor
dinated by Gerard Bonhoure, Sophie Pons and
Naoum Salarne, involved a large group of teachers
and educators, cited by name in the Santo 2006
in the classroom chapter. Step ha ne Frey oversaw,
from cradle to market, Vincent Tardieu and Lise
Barneoud's Santo Les explorateurs de l'ile planete,
published by Belin. And, last but not least, Atom
Production's (now Docside Production) Director
Yves Bourgeois took the financial risk to produce
the full-length film Les aventuriers de l'ile pla
nete, authored by Mathias Schmitt and realized by
Bernard Guerrini.

To a large extent, The Natural History of Santo
reflects observations and research conducted in
Santo during the 2006 expedition, but is not res
tricted to this. Several researchers who had been
Santo "long timers", but did not take part in the
expedition, have contributed to this volume, and
we are grateful in particular to Benoit Antheaume,
Guy Cabioch, Christophe Maes, Patricia Simeoni,
james Terry, Sara Muller and their co-authors who
kindly accepted their "assignments" to make this
book more comprehensive. The production of the
volume has also been a long process... It is not easy
to herd a flock of over 100 cats! We would not have
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made it without Laurent Palka, who scanned the
many contributions for redundancies and polished
numerous internal inconsistencies, and Gwenaelle
Chavassieu, who juggled with hundreds of files,
laid out the volume, and handled feedback from the
authors. Thank you, Laurent and Gwenaelle! Phil
Clarke, Mark Judson and Daniel Simberloff, kindly
revised the language and made many helpful sug
gestions that have improved the contents of many
chapters. Gilberto Marani reformated and redesi
gned graphs and maps throughout the volume.
The authors themselves also wish to direct specific
thanks to colleagues who helped sort specimens
and/or analyze data and contributed expertise in
many ways. James Terry (The Climate of Santo and
Drainage, Hydrology and Fluvial Geomorphology)
wishes to thank Swastika Devi of the Climate
Services Division, Fiji Meteorological Services,
Nadi, and Philip Malsale ofVanuatu Meteorological
Services, Port Vila, for kindly providing cyclone
reports and data on Vanuatu rainfall. Ketty Newpatt
and Alfred Maoh kindly provided organisational
assistance and The University of the South Pacific
generously funded three of his field surveys.
Pierre Lozouet and his co-authors (The Holocene
and Pleistocene Marine Faunas Reconsidered) thank
Celine Chaignon for her help with species sepa
ration, jean-Claude Plaziat for very useful sug
gestions, and Luc Dolin, Georges Richard and
jean-Maurice Poutiers for identification of spe
cies. Radiometric analyses were performed by
Laboratoire des Sciences du Climat et de l'Envi
ronnernent (CNRS-CEA, Gif-sur-Yvette). Warren
Blow (Smithsonian Institution, Washington DC),
a veteran of the 1973 paleontological expedition
to Santo, sent all the information he could. It was
a major disappointment for Warren not to be able
to join the expedition; unfortunately, he passed
away just after the spring 2006 trip to Santo. Jean
Christophe Galipaud (The Prehistory of Santo)
wishes to thank the former vice Prime Minister of
Vanuatu, the Honourable Seti Regenvanu, and the
former Director of the Vanuatu Cultural Center,
Mr Kirk Hoffman, for their support during the
initial phase of his research, which started in
Santo and adjacent islands back in 1992. Ralph
Regenvanu, director of the Vanuatu Cultural
Center and his successor Marcellin Abong played
an important role in the developments of his
archaeology research. Rufino Pineda (Deforestation
on Santo and Logging Operations) thanks Phyllis
Kamasteia (MappinglGIS Officer, Vanuatu Dept
of Forests) for the map of logging concessions.
Laurent Palka and Rufino Pineda (The Impact of
WWII on Infrastructure and Landscape; The Night
of the Palolo) thanks Matt G. Bentley (Newcastle
University, UK) for helpful comments on the bio
logy of palolo, Samson Vilvil-Fare (University
Paris 6, France) for his Ni-Vanuatu narration of
the palolo story, and Meghann Cassidy (Paris
Sorbonne University) for linguistic assistance with
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the English manuscript. Ivan Ineich (Amphibians
and Reptiles) addresses special thanks to A.H.
Whitaker for numerous exchanges and bibliogra
phic information, and to George R. lug for provi
ding data, continued support and friendship and
his comments on a first draft of that paper. Useful
information was contributed by Edouard-Raoul
Brygoo (MNHN), John Thorbjarnarson (Wildlife
Conservation Society), Andreas Schmitz (Geneva),
the late Eugen Krarner (Basel), Colin McCarthy
(NHM, London), and Ross Sadlier (Australian
Museum, Sydney, Australia). Claire Vilemant
(Focus on Bees and Wasps) is much indebted to
colleagues who carried out identifications and
provided information about nomenclature and
distribution of species in the Hymenoptera fami
lies of their speciality: Denis Brothers (University
of Kwazulu-Natal, Pietermatitzburg), James
Carpenter (AMNH, New York), Gerard Delvare
(CIRAD, Montpellier, France); jacques Dubois
(AMNH, New York); Mattias Forshage (Uppsala
University, Sweden); Norman johnson & Luciana
Musetti (Ohio State University); Massimo Olmi
(Universita della Tuscia, Viterbo); Alain Pauly
(IRSNB, Bruxelles) and Raymond Wahis (Faculte
Universitaire des Sciences agromomiques,
Gernbloux). She is also very grateful to Frederic
Durand (Societe d'Histoire Naturelle Alcide d'Or
bigny) who collected by hand and sorted a large
quantity of specimens, to Patrick Burguet who
mounted them and to Agniele Touret-Alby for
photography. jurgen Schmidl (Beetles in Saratsi
Range, Santo) is grateful to Belinda Fleming and
Camille Dejonqueres for extensive help in sor
ting, mounting and analyzing numerous beetle
samples. Bruno Corbara (Myrmecophily) likewise
extends his thanks to Patrick Burguet (Societe
d'Histoire Naturelle Alcide d'Orbigny, SHNAO,
Clermont-Ferrand) who mounted the ant speci
mens and to Benjamin Calmont (SHNAO) who
photographed them. Nicolas Barre and his co
authors (Terrestrial Bird Communities in Santo)
thank Anthony Harry who translated and spelled
the names of birds in bislama and they are par
ticularly grateful to Dick Watling (NatureFiji
Mareqetiviti) for his constructive revision and
comments on the manuscript. Denis Wirrmann
and Anne-Marie Sernah. (Caves as archives) wish
to thank Erickson Sammy, former Acting Director
of the Vanuatu Department of Geology Mines and
Water Resources, Toney Tevi, Commissioner of
Mine, Esline Garaebiti, Manager of Geophysics,
and their staff for their very helpful administra
tive participation during their previous work and
field surveys the year before Santo 2006. Louis
Deharveng and his co-authors (Karst habitats of
Santo and Karst biota of Santo) acknowledge the
advice of Richard Harris (Royal Adelaide Hospital,
Adelaide), pioneer diver and caver in Santo, and the
assistance of Arnaud Faille (MNHN), Christopher
Glasby (Museum and Art Gallery, Darwin,
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Northern Territory, Australia), Sergei Golovatch
(Institute for Problems of Ecology and Evolution,
Russian Academy of Sciences, Moscow), Peter
Jaeger (Senckenberg Museum, Frankfurt), Mark
Judson (MNHN), Ivan Lobl (Museum d'Histoire
Naturelle, Geneve), Wilson Lourenco (MNHN),
Quentin Rome (MNHN), Stefano Taiti (Istituto per
10 Studio degli Ecosisterni, CNR, Firenze), Wanda
Weiner (Institute of Systematics and Evolution of
Animals, Polish Academy of Sciences, Krakow),
Sun Xin and Feng Zhang (both Nanjing University,
Nanjing), and other expedition participants, for
the identification of specimens. Claude Payri
(Benthic Algal and Seagrass Communities) ack
nowledges a grant received from the CRISP [Coral
Reefs Initiative for the South Pacific] programme
that permitted Antoine de N'Yeurt to process the
algae collections in Noumea. She also thanks
Hannah Stew art for improving the English of her
manuscript. The results presented by Philippe
Bouchet and his co-authors (The Marine Molluscs
oJSanto) are the collective results of a large group
of people, cited by name in that chapter. Fred

Wells (A Rapid Assessment oJ the Marine Molluscs
oJ Southeastern Santo) acknowledges the par
tnership of his dive buddy Dominique Lamy, and
the assistance of Mike Travers and Gareth Parry,
of the Western Australian Fisheries and Marine
Research Laboratories, with analyses and develo
pment of the figures in his paper. Olivier Lorvellec
(Focus on Introduced Amphibians and Reptiles) ack
nowledges the assistance of Thierry Fretey for
his help in documentation investigation and ana
lysis, and Samson Vilvil-Fare for his participa
tion in documentation search. Florence Brunois
and Marine Robillard (Ni- Vanuatu Perceptions and
Attitudes vis-a-vis Biodiversity) thank Paul Sally
for translating their text from the French ori
ginal. The data presented by Sara Muller and
co-authors (Food-garden Biodiversity in Vanuatu)
were collected during a FFEM- [French Fund
for World Environment] and ClRAD- [Centre
International de Recherche Agronomique pour
le Developpernent] funded project to document
and strengthen agrobiodiversity of root crops in
Vanuatu.
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The present bibliography includes references of scientific works dealing specifically with Espiritu
Santo, or Vanuatu in general but including Santo.
It does not include general works that may include marginal reference to Vanuatu, nor taxono
mic papers that contain only a few records on Santo or Vanuatu.
An asterisk* marks papers resulting from the Santo 2006 expedition.
The references are arranged thematically in eight sections:

• Geography and climate
• Human settlement
• Man and nature
• Quaternary geology and paleontology
• History of biodiversity exploration
• Vegetation and flora
• Terrestrial fauna
• Marine ecosystems

GEOGRAPHY AND CLIMATE

ANONYMOUS [ORSTOMJ 1985. - lies d'Efote et de Sonto. Evohsation des
ressources en eou. Resultots des compognes t98t iJ /984.Centre ORSTOM,
Noumee, 149 p.

BONNEMAISON J. 1986. - Vonuotu. Les Editions du Pacifique, Papeete, 128 p.

ANTHEAUME B.& BONNEMAISON J. 1988. - Atlosdes lieset Etots du Pocifique
Sud. Publisud-Reclus, Paris-Montpellier, 126 p.

ANTHEAUME B., BONNEMAISON J., BRUNEAU M. & TAILLARD e. (Eds)
1995. - Asie du Sud-Est, oceonie. Belin-Reclus, Paris-Montpellier, 480p.
(G~ographie universelle; 7).

CHURCH J.A., WOODWORTH P.L., AARUP 1 & WILSON W.S.
2010. - Understanding Sea-Level riseand variability. Wiley-Blackwell,
Chichester, 428p.

COLLlNS M.et 01. 2010. - The impactof globalwarming on the tropicalPacific
Ocean andElNino.Noture Geoscience 3: 391-397, doi: 1O.1038/nge0868.

FMS 2003. - Listof tropicalcyclones in thesouthwest Pacific t969/70- Present.
Fiji Meteorological Service, NadiAirport, Fiji. (Information Sheet; 121).

GANACHAUD A.et 01. 2011. - Observed and expected changes to the Pacific
Ocean, in BELL J.D., JOHNSON J.E. & HOBDAY A.J. (Eds), Vulnerability of
Fisheries ondAquaculture in the Pacific to Climate Change. Secretariat of
the Pacific Community, Noumea, NewCaledonia, in press.

GOURDEAU L., KESSLER W.S., DAVIS R.E., SHERMAN I., MAES e. & KESTENARE
E. 2008. - Zonal jetsentering the Coral Sea. Journal of Physical
Oceanography 38: 715-725.

GOUYET R.e. 1984. - Etudes hydrologiques en Republique de Vonuatu. Office de
la Recherche Scientifique et Technique Outre-Mer (ORSTOM), Centre de
Noum~a, Nouvelle-Caledonie.

HAREWOOD J.2009. - Vanuatu & NewCaledonia travelguide. 6th ed. Lonely
Planet Publications, Melbourne, 224p.

LONGWORTH W.M. 1991. - Tropical cyclones in Vanuatu: /847-/991. Vanuatu
Meteorological Service, Port Vila, 24 p.

MAES e. 2006. - Oceanographes desmers du Sud, SO ansd'oceanographie
physique dans l'ocean Pacifique sud-ouest. MetMor213: 4-11.

MITIERMEIER R., ROBLES GILP., HOFFMAN M., PILGRIM J.. BROOKS 1,
GOETTSCH-MITTERMEIER c. LAMOREUX J.& DAFONSECA GAB.
(Eds) 2005. - Hotspots revisited. Earth's biologically richest and most
endangered terrestrial ecoregions. Conservation International, Washington;
Cemex; University of Chicago Press, Chicago, 391 p.

O'BYRNE D. & HARCOMBE D. 1999. - Vanuatu. 3rd ed. Lonely Planet
Publications, Melbourne, 304p.

QU 1 & L1NDSTROM E.J. 2002. - A c1imatological interpretation of the circulation
in the western South Pacific. Journal of Physical Oceanogrophy 32:
2492-2508.

SCHILLER A.,RIDGWAY K.R., STEINBERG e.R. & OKE P.R. 2009. - Dynamics of
threeanomalous SST events in theCoral Sea. Geophysical Research tenets
36: L06606, doi:10.1 029/2008G L036997.

SIMEONI P. 2009. - Atlasdu Vonouatou. £ditions G~o-Consulte, PortVila,
Vanuatu, 392p.

STATTERSFIELD A.J., CROSBY M.J., LONG A.J. & WEGE D.e. 1998. - Endemic
bird areos of theworld:Priorities for biodiversity conservation. Birdlife
International, University of California Press, 846p.

TERRY J.P. 2007. - Tropical cyclones: climatology and impacts in theSouth
Pacific. Springer, NewYork, 210 p.

VMS 2009. - The Climate of Vanuatu. Vanuatu Meteorological Services,
accessed February 2009 from <http://www.meteo.gov.vuj>.

HUMAN SETTLEMENT

ANDERSON A. 2002. - Faunal collapse, landscape change andsettlement history
in remote Oceania. World Archoeology 33:375-90.

BAKER J.R. 1928. - Notes on the NewHebridean customs with special references
to the intersex pig.Man80-8\: 113-18.

BEDFORD S. 2006. - Pieces of the Vanuatu puzzle: Archaeology of the North,
South and Centre. Terra Australis 23: pages ??

BEDFORD S., SPRIGGS M. & REGENVANU R. 2006. - The Teouma Lapita siteand
the earlyhuman settlement of the Pacific Islands. Antiquity80: 812-828.

BONNEMAISON J. \985. - Territorial control andmobility within Vanuatu
societies, in PROTHERO K.M & CHAPMAN M. (Eds), Circulation and
population movement: substance and concepts from theMelanesian
case. Roulledge & Keegan, Londres: 57-79

BONNEMAISON J. 1985. - Les lieuxde I'[dentite : vision du passe et identite
culturelles dans lesi1es du sudet du centre du Vanuatu (M~lan~sie).

Cahiers de rORSTOM, serie sciences humaines, 21 (1): 151-170.

BONNEMAISON J. 1996. - Gens depirogueet gens de 10 terre. Les fondements
geographiques d'uneidentite (L'archipel du Vanuotu). LivreI. Orstom
Editions, Paris, 460p.

BONNEMAISON J.1996. - Le tissu deNexus, in BONNEMAISON J., HUFFMAN
K., KAUFFMANN e. & TRYON D.(Eds), Vanuatu, Oceonie: Artsdes liesde
cendre etdecorail. R~union des Mus~es Nationaux; ORSTOM, Paris: 176-183.

BONNEMAISON J. 1997. - Les gens des lieux. Histoire et geosymboles d'une
societe enracinee : Tanna. ies fondements geographiques d'une identite
(L'orchipel du Vanuatu). Livre11. Orstom Editions, Paris, 562p.

GALlPAUD J.e. 1996. - Le Rouge et LeNoir: la poteriede Mangaasi et le
peuplement des ilesde M~lanesie, in ORLlAC M., ORLlAC e. & JULlEN M.
(Eds), Memoire de Pierre, memoire d'homme: trodition et archeo/ogie en
Oceanie. Publications de la Sorbonne, Paris: 115-31.

GALlPAUD J.c. 1996. - Poteries et potiers deVanualu, in BONNEMAISON I., HUFFMAN
K., KAUFFMANN C. & TRYON D.(Eds),vonuatu, Oceanie: Arts des i1es decendre
etdecorail. R~union des Mus~es Nationaux; ORSTOM, Paris: 365.

GALlPAUD LC. 1997. - Fouille de l'obri sous roche deMalsosoba, Hokua, c6te
nord-ouest de Santo. Rapport de terrain. Orstorn, Port-Vi la.

GALlPAUD J.c. 2000. - The Lapita site 01 Atanoasao, Malo,Vanuatu. World
Archaeological Bulletin 12: 41-55.

GALlPAUD J.c. 2002. - Ancient cooking strategies anddevelopment of irrigated
toro systems in North-West Santo. Archaeology in Oceania special
Publications. University of Sydney.

GALlPAUD LC.2004. - Settlement historyand landscape use in Santo,Vanuatu.
Records of theAustralian Museum, Supplement 29:59-64.

GALlPAUD J.c. 2007. - Les societes duVanuatu autemps deQuiros, in ANGLEVIEL
F. (Ed.), Pedro Fernandez deQuiros et le Vanuatu. oecooven« Mutuelle et
Historiographie d'un ode fondateur, 1606. Editions du GRHOC, Nournea: 17-30.
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