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: THE MARINE RESOURCES OF OUVEA ATOLL (NEW CALEDQNIA), A SUMMARY OF THE WORK
L L " PERFORMED BY ORSTOM FROM 1991 TO 1994.*

. by M.Kulbicki! _ *: Original in French. Translation by
ORSTOM BP A5 ) .. the author. Therefore, please, forgive

;‘Noumé:1 . s the English mistakes.’
New Caledonia

INTRODUCTION

The marh}'e ressources of Ouvéa (Figure 1) had never been studied before 1991. ORSTOM
‘was asked by th(? Provmge def Iles” to undertake an analysis of the marine ressources of that atoll. A
simple stock estimate having little interest in the view of long term development, ORSTOM has also

b
investigated the ecological parameters which should allow a global understanding of how this , L
lagoonal ecosystem works. - ¢
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Figure 1: location of the Ouvéa @il New Calédonia
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The objectives of this stndy rze be divided into two groups,
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following questnons could be looked i mto is this a productlve lagodn
- ‘productxon ;what are the lmks between the ¢ communmes, what is thef
. on the stmcture of these communmes, how stable are these comgnumtxes compared to other,regions, i

NI e e

“-Z'mapping of the major spec1es G .
- adv1ce for management and regulatrons I
b prospectmg ofyét nnknown ressources N e
bl mappm g of the bxotops as'a‘tool for management : R )
ot mappmg of the ‘sédifents for management

Lt el
b

- 2) scientific objecﬁves
- descnptron of the phystcal geomorphol glcal and sedlmentologlcal features
iy descnptxon SF the" Hajor benthxc “Comy es spemés composmon, bmmass,
didtribiu ition, productxon, r H{cmstmétnre el st ad ol ol it o g
@l agh Pt description’ of the: majorf“ $h or unmes’ $pécies éomiposi 'densny, btomas<
trophic structurel Tife-histbry Stratéy Sittcture! idlstnbutx“on"“ HOAVAGG S AN i
- associations between fish and benthic communities ALt e
' - correlations between communities and thexr physical environment
- biomass and production estimates for plankton, correlatlon w1th planktivores
- a diagramm of the globa] functxonnmg of the lagoon Ve

'
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The development ob_]ecnves should answer the maln questxons ‘asked by the u/sers of this
lagoon. How much can be caught, how: can it be explort‘ed which, are the*most mterestmg specres

where are they, what type of management shonld be followed" Th

at‘are the’ ongm of the
e - of the physical environment

the dwersxtyt of this lagoon peculiar, what are the relatronshxps Between this diversity and the
functlonnmg of the communities... ,
i .
After a short account of the methods«used d fol)owmg points wrll be studied,
-the physrcal envn'onment geom rphology,, the. ‘Water masses, thFe sediment, the major

e i s ghmors o s e o}

biotopes K ;3 ‘ ._fmgﬂ;,;f*:f;“m
- the plankton. pmdncnon and biomass ’
- the benthic communmes
= s
- the* fish commumtxes
Es o~
1
sl
METHODS |
k|

The techniques along with the samplmgtstrategx
(Chevﬂlon }993 Clavier et al., 1993; Kulb:clgl etf‘
summarizes thevcampargns performed atGuvea and i}
divided into:

~ ground truth: descriptive data on shallow water blotopes in order to map. these biotopes from

L bl Y ey g, i AR Bt AV A T
aerial pictures and a satellite image (o figure 3)

- sedimentology: sediment samplmg to perfo
sediments and their transport (® and' ® ﬁgur 25

- macrpbenthps quantitative sampling of macrobenthos with"a"grab, sampling of sediment in
order to .analyze | the photosynthetxc plgments'(to evaluate the beénthic pmﬁary productlon) and ATP

‘e
gures“ 53 show the study sites. The samphng is

a sedlment map and analyse the ongm of the

AN ST R RS

‘(an estimator of hvmg biomass). Quahtanve samphng with'a dredge (@ and © fxgure 2) "
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- megabenthos; semiquantitative description of the populations of large size benthic
invertebrates (® figure 2 and ® figure 3) e e

- fishing: experimental handline fishing in order to know the spatlal dlstnbutxon of lme ﬁshes
and to obtain fish samples for biological analysis (reproductron, size dlstnbutlon feeding habits) of
the major species (® © O figure, 2) ol .

- visual censuses: to analyse the fish communities ® ﬁgure 2 and @ figure 3)

- plankton: phyto- and zooplankton biomass and production estimates (% figure 3)

- functlonmng of the benthos estxmatron of the benthic metabohsm and of sedlmentatxon

e

rates f [ ‘.‘/.’ “_’ . . L A AT R

& ,
Dates of the cruises - 1A e : ol S
April 22nd - May 2nd 199,1 : Flshmg, megabenthos Longhne mals (26 sets) E -
ce - .. Visual censuses,- . o , Fish andmegabenthos transects (22 statlons)
R e .~ Ground truth™ " " Ground truth (42 stations)
Julj3 1st - July 13th 1991 * Visual censuses, . . Flsh and megabenthos transects (25 stzmons)
Megabenthos, . ' * “Ground truth (53 stations)’
Ground truth” | o By e

August 5th - August 14th 1991 Fishing, visual eénsuses;é: o @ Fishihig (4 stations)
Megabenthos, sedimentology, ~ Fish and megabenthos (22 stations)

Macrobenthos T Sedimentology and macrobenthos (29 stations)
September 2nd - September 21- -~ - Fishing, visual censuses = -~ Fxshmg (77 stations) ~
1991 few ‘Megabenthos,;sedimentology Fishand megabenthos)(24 stations)

Sedimentology and macrobenthos (33 stations)

November 12th 7. November 22nd,{. Fishing, visual.censuses, - Fishing 30 statlons), ) et

[ I

1991 Megabenthos, ground truth- Fish and megabenthos (¢ statrons)
. Ground truth (8 transects)
March 16th - March 21 1992 ° Fishing, visual censuses, Fishing (15 stations) :
. Megabenthos ground truth ... .Fish and megabenthos (3 statrons)
' . o . Ground truth @ transects) : T
September 4th -Septemberjﬂth Plankton, macrobenthos . Plankton (12 stations) .
1992 ' ) ' Macrobenthos (15 dredge stations)

June 1st -June 16 th 1994

Eqnctionning of the benthos (135 stations)

RESULTS

A-THE PHYSICAL ENVIRONMENT

1- General descnptlon of the lagoon e

{,\;v

[
The lagoon of Ouvéa covers 872 km2 of which 836 km? are Iagoon bottoms and 40 km? are

: . reefs. Among the latter, 4 km2 are submerged reefs.and therefore: are’ also counted as lagoon bottom.

Average depth is approxrmatlvely 15m, the lagoon being separated mto two zones by a fault line 4t a

have many 1s1ands West of the fault, the bottom i is nearly twrce steeper (0 2% slope) and the islands A

* are rare and of small size, the. reef remalmng as de elopped as on the eastern part -

The main island covers: 130 km?2. The west coast is essentxally made of a sand beach, cut in
places by low:coralline cliffs, Several inlets cut the main island, two of these mlets reaching the ocean

' (Fass1 pass m the north Lekmy bay in the south). There are no streams, the soil bemg calcareous

e o 2% ‘“.. LI
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The northern part of the lagoon is limited by a line of reefs and rslands, the N orthem Plelades
which run for 37 km Most of the islands have coralhne chffs 2t08m hrgh The south part of the
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reefs, facing the lagoon, are exposed to the trade winds. Conversely, the north part of the reefs is

sheltered from the wmds and drops to 30 to 80m deep RO *
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Figure 3 :‘ feef trh:héect stations (O ), ground truth stations (*) andplank‘ton stations (% )



The southern part of the lagoon is also limited by a line of reefs and islands, the Southemn
pleiades, which stretch over 35 km. The islands have much lower cliffs than in the Northern Pleiades.
The exposure to the trade winds is opposite of what is found in the' Northern Pleiades, the inner reefs
are sheltered and the outer reefs are exposed. .

2:- The water masses

At the moment we have very little information to descnbe the water masses around Ouvéa
and inside its lagoon. Most of the data are provided by 17 CZCS satellite i images. The information
obtained by the analysis of the surface water colour could not be verified by grqund truth. As a
consequence, the followmg paragraph presents only some hypothesis whlch shll need to be tested.

There is an empovenshment of the water in chlorophyll between the Asland of New Caledonia
and the Loyalty islands. The waters are even poorer in chlorophyll between the Loyalty islands and
Vanuata (Figure 4). Theré is a NW-SE current between the Loyalty islands and the island of New
Caledonia, opposite to the trade winds (Figure 4)."A water front is at times observed perpendicular to
the island of New Caledonia and moves from north to south (Flgure 4) o
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Figure'4: characteristics of the water masses around Ouvéa atoll
Plumes of turbid water, probably coming from inside the lagoon, are observed in the vicinity
of Quvéa. These plumes are mainly located south and east of the Coetlogon pass, at the level of
Meurthe pass and north of the Northern Plejades (Figure 5). The barrier reef in that area would play
the rolé of a screen fof the sediments, which would explain the accumulation of sediments near the
Norttiern Pleiades. There is also an:income of oceanic waters through the passes. This phenomenon is
mainly. found at the level of Anemata pass, the incoming current dividing into two branches, one -
north; the other south (Figure 5). Between the Meurthe pass and Coetlogon pass there seems to exist
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an inside channel with a water circulation between the two passes (Figure 5). This current is in part -
confirmed by the absence of fine sediment: and thej httle thlckness of; the sediments..

i
H

QIR i st g s e U adTE L 0w e Lo e
o The usatelhte 1mages show, alsoitwo special zones; likely, slow. eddxes, one.located 2km NE of
Su 1sland and the other one off Fayaoue (Figure 5). ! Y S PR oot

ORSTOM is thinkin g of conducting a more detailled analysis of the water circulation inside
the lagoon durmg the 1995-1996 penod
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Figure 5: presumed currents near. and inside, the Ouvea atoll e
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3 - The sediments and thé main"bottbmla'goon'vuni

The lagoon of Ouvea has llttle sedlment despité the presence of more than 50 km of sandy
beaches along the main lsland The zones Where the sediments are the. thickest, are found, on one
hand along the Northem Plelades, on the other hand in the bay of St:30's ph and off Mouly. The mud
content of the sediment i is low, the hlghest concentratlons bemg found n the coastal zone, in areas
sheltered from the wind. Beyond 5m, the mud content i is, Iower thai'5%: One notlces also the very low
levels of mud between the MeurthE”é.?i'd Coetlogon passes, along {hé Northern Pleiades and in the
Anemata pass, three zones where cutrents could be detected on CZCS i 1mages This spatial
distribution of mud and sedlment thlckness is unusual for an atol} lagoon Usually, these parameters
are maximum in the middle of the lagoon This- phenomenon can, be’ explained by the.exposure to the
tradewinds, the slope of the lagoon and: th large openmg towards the ocean by deep passes Wthh
allow.fi ine sediments to be exported ; B ; .

The analysis of the sedlmentologncal mdlces (average gram size, sortmg, skewness, ,
normahty) 'shows that sediment:production.is generally. weak; and that most of the lagoon is under
moderate and homogeneous hydrodynamic conditions. In particular; there are.no major transportation
of sediment within the lagoon. There is no-active sedimentation zone either. These parameters also
confirm the data obtain on Water masses, there is an active water.circulation between Meurthe and
Coetlogon passes, at the Baleine and Taureau passes and in the southern part of Anemata pass.




The non muddy sediments are almost entirely of organic origin. Molluscs are the major. -
(51%) constituent of these sediments, bivalves (20.8%) and gasteropods (10.8%) having, the.iajor :
contribution. The other constituents of the sediment are much less important (foraminifers 6%,
scleractinarians 4%, Halimeda articles 2%, crustaceans, echinoderms, bryozoans making less than 1%
each). Corals are a minor constituent of the lagoonal sediment in Ouvéa. Thrs confirms observations
madein the Chesterﬁeld islands and in the SW lagoon of New Caledoma ‘

F1ve major b10fac1es (asspcmtxon of sediment types) were 1dentrﬁed in Ouvea The
association mollusc-forammlfer is the most frequent (61% of the samples), the other biofacies are
mollusc-calcareous algae (- 18%), mollusc-scleractmanans (15%), scleractinarians-molluscs (3%) and
foram1mfer—molluscs (1%). The spatial d1str1but1on of these biofacies is given on figure 6. The
molluscs are the major constituent in most samples (95%), bivalves being the most frequent (83% of
the samples). Molluscs are found: I amly in the centralfpart of the lagoon (figure 7), their importance
decreasmg little by little outward : There are also a; few' oncentrattons of molluscs along the coast of
the main island. .

Foraminifers, the second st abir tuen :m the b10fac1es display a strong east-
west gradxent Their abundance 1s therhlghest in: the' deepest zones ‘of the lagoon These organisms

Among the other constltuents scleractmarlans hold a special place They are found in zones
with strong currents and near reef formations. Elsewhere they are only a minor constituent of the
substrate, because their transportation is very hmrted

Flgure6 spatlal dxstnbuuon of blofac1es 1: molluscs - foramtmderans,2 molluscs algae; 3: molluscs coral;
:4 coral - molluscs ; 5 : [foraminifers - molluscs

The coarsest element of the substrate (gravels,, debns, boulders, beach rock...) could not be
analysed beyond 20m. Reef formations are found elther close to shore, either beyond 10m. Their
* importance increases with depth. Scattered coralline formations, usually of small size, are found over

i
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- Figure 7: spatial distribution of mollusc s shells

the entire lagoon. The size and the frequency of these coralline formations tend to increase with
depth. JThe coarse elements of the sediment seldom make more than 20% of the substrate‘ and are
found mamly near passes ‘ : . S Lo
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The proportion of hard substrate increases with depth (ﬁgure 8) down to ‘approximatively
20m. At that depth these substrate represent on average 50% of the bottom, There is however a high
variability, in particular the percentage of hard substrate increases near passes
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Figure 8: proportion of hard subst'tates (-average values) by depth class

The vanablhty is one of the major trait of substrates on Ouvéa bottoms. In an area of a few
hundred m?, it i$ oftén possible to observe several very different substrate types. This variability is
maximufn near passes but also in the slow eddy zones spotted off Fayaoué and Su island with the
CZCS image analysis. This strong spatial heterogeneity is not unique to Ouvéa, similar conditions are
also commor in the SW lagoon of New Caledonia. In Ouvéa this vanablhty is yet often'noteworthy
and is probably at the origin of some of the characterlsltxcs of the benthic and fish communmes ’

o



Despite this spatial heterogeneity several substrate types can be differentiated (Figure 9). A

. coastal zone (zone 1 on figure 9), characterised by fine sediments, is found between 0 and 15m. An
heterogeneous coastal zone stretches between Hwadrilla and St Joseph (zone 2 on figure 9), its main ‘
features being a low coastal cliff (2 to 5m high), a patchwork of coarse sediments and rock among
fine sediménts. This prevalence of coarse sediments, the little thickness of the sediments, the presence
of beach rock is also found in thé passes; however, usually with a lower heterogeneity. The bottom, "
between 12 and 20m and parallel to the shoreline is characterised by middle to coarse sands scattered
coral patches and beachrock covered byalto3cm layer of sediment (zone 3on ﬁgure 9).
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Figure 9: spatival distribution of the major bottom.tjpes. f‘ﬁ

Table 2: area and spatial distribution of the various benthic themes .along the shorellne of the main
island. The first number s, the area’in hectares, the second number is the percentage covered in each.zone, Since the zones

1,

overlap, the total may be greater than the summ of the parts.

3

l

Zonel from Baleme pass to south of St Joseph | Zone 2} from south of St Joseph to north of Hwaadnla
Zone 3: from Hwaadrila to south of Fayaoué . Zoné4: from Fayaoue to Mouly pomt '
i

Theme . : Zone 1 Zone 2 Zone3 Zone 4 Total
Beach rock and hard bottom 85-27 " .'|83-54 ° 66-2.7 38-22 237-2.9

. Naked sand P . 292-9.2 254-1.7 197 - 8.0 250 -14.1 2 1752-93
Rough bottom : ) 93-2.9 0-0 ' 6.2 - 0.25 62-3.5 164 - 2.0

" | Seagrass beds on hard bottom 148-47 " 186-56 ' ' {74-30 45-25 305-3.8
Seagrass beds alone ° 33.7-1.1 . -10-0 0-0. 3.6-02., 38-0.47 -
Seagrass beds on sand -high density 770-24.4 '1333-21.8 622-253 251 -14.2 1744 - 21.5
Seagrass beds on sand - average density 768 - 24.3 911-59.5. - |1174-479 814 - 46.0 3195-39.4
Seagrass beds on sand.- low density ! 781-247 . J93-61 ., 1315-12.8 305-17.2 1471 -18.2

" | Halophylous vegetation .. - " |190-6.0 0-0. .- {00, 2.5-0.14 196 - 2.4.
" Total - : 13160 - 100 1530 - 100 2450 - 100 1770 - 100 8100 - 100
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The SW part of the lagoon (between Styx and Anemata passes) has little sedirnent; the bottom being
mainly covered by beachrock and coarse sediments (zone 4 on figure 9). A sedimentation zone is
found in the NW part and is characterised by relatively fine sediments. The thickness.of these ‘
sediments decreases with distance to the Northern Pleiades (zone 5 on ﬁgure 9). Coral’ heads are of ,
large size and comparetrvely numerous in zones 4 and 5. They are used as refuges.by an abundant .
fauna. . : - e,

The shoreline has been studled in more detalls Nine themes . were deﬁned and the shorelme
was devided into 4 zones from north to south of the main istand (Table 2). Seagrass and algae beds
represent a very important area in the coastal zone. Their abundance decreases offshore. According to
aerial pictures and satellite images these beds are set very irregularly on the substrate. Reef
formations and beachrock are often encountered near the beach, but they never make a large
percentage of the area. This is essentlally observed between Banutr and the wharf., Some mangroves

and halophylous plants are present in the 1n1ets but the area covered is low. .

,‘rw e ‘v“

4. The major reef biotopes v

Fifteen reef blotopes were determmed from the analysrs of ground truth data along with the
examination of aerial pictures ; and satellite images (Table 3)is Reefs weré:divided into 7 zones, each
zone being subdivided into2, 3 or.4 sub-zones (Frgure 10) A classrficatlon of these zones and sub-
zones according to biotopes indicates that there are an ea. est and a north-south gradients. This
gradation is in great part linked to the effect of the tradewmd the east-west' slope of the lagoon
bottom. o :
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'Figure,lb: limits.of the reef geomorphological zones in Ouvéa
Reefs fall into three groups. In the NE of the’ lagoon zones 1 and 2 are characterlsed by the

absence of soft bottoms near reefs, the low level of reef conglomerate but important fringeing reefs.
The second group (zones 3, 4, 5) covers all the reefs west of the fault,.from Jumeaux island westward
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to Meurthe pass in the south. These reefs are usually wide with'many pools and much reef
conglomerates. In this group the islands are scarce and consequently the fringeing reefs are little
developped. The third group (zones 6, 7) is found east of the southern Pleiades, between Meurthe pass
and Mouly. This part of the lagoon is quite different from the other reefs for several reasons. It has
bare beachrock near the passes, large inner reefs, large areas of soft bottoms with scattered coral
heads. There are also a few important coral formations which"are somewhat similar to the pinnacles
of Polynesian. atolls ‘There are few reef pools;: llkely because of thé' exposure of the barrier reefs to ‘
thetradewmds RN LI S RO Uty vnne o p = . !
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. Thedmportance: of outer reefs incieases from east to west. These reefs dlsplay deeply marked

spurs and grooves in the northern Pleiades} essentially in'the west part; whereas in the' southern ‘
Pleiades-the spurs and grooves are often lacking and replaced: by a'8'to 20'm dropoff on the top of
which branched coraldevelopp. The exposedireefs have a poor fixed: fauna, in particular corals. The
spatial distribution of fringeing reefs in naturally linked to'the distribution of the islands, the latter
being found mainly east of the fault line. There are also differences between sheltered and exposed
reefs, and between reefs from the northerti-and southern Pleiadeés. Leeward fringeing reefs are less
indented and usually have a poorer fauna than windward ones:The southern Pléiade frmgemg reefs
have a wider shelf" than those of the northern Pleiades where this shelf is often lackmg

1 . H i v . ) H
b, Poooa TN Vi S8 . . EEFE B . " o . \

. Pools-and hollows ‘are'much: larger in the northern Pleiades than in the southern ones. The size
of these pools and hollows tends to increase from east to west. In‘the northern Pleiddes these
formations-are essentially-behind the batrier reef, whereas in the souttiern Pleiades'they are near the
inner reef. These pools:and:hollows accamulate sands and debrisand usually they lack fixed fauna.

* They:are Zones where'predatory.and some: large size herbrvores ﬁshes concentrate durmg defined trde
penodsfillkely in-correlation:with:the- currents el Frels SRR
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Channels are'more developped in the southem part where the bottom between islands is
usually shallower than in the-horthern part. The:bottom in thése'channéls is- rocky most of the time
with organisms adapted to currents such as some gorgonians and aléydnaﬁaﬁs Most of the water
exchanges between. the. lagoon.and the. ocean.are done through the channels and the passes. Tide
chanfigls’ are. usuallyrlocated at. the fear. of the: bamer réef and; they,,dram ‘the. water from the reef flats .
towards* the lagoon:; T hese: tlde channels are‘almiost abseft frofn the' Southein Pleiades: In the northern
Bleiades these channels: -are; usually on the leéward side of. the islatids.and. allow cuirents to flow along
" the frmgemg reefs: These tlde channels are usually between a few tens ‘of meters t0'200-300m wide

and do notexceed 1 km in length IR Foli : :

P e, vt - : ,r'x“:‘ [

i Lty e '
Fe—edn the no*them Plelades rubble bottoms;are found, in the rear, : of pools or on the windward side
I 1 the- southem Plelades these formaflons are mamly observed in the middle of reefs or near

“the reef front These formatrons tend toJmcrease in size from-east to west.In other words rubble
bottoms are’ more patchynear the main 1sland than near Anemata pass Sand zones are not frequent.
In th northern Plelades they arefound mamly wrnwards of islands, yvhereas in thé southem Pleiades

1.
hich it makes an almost contmuous _strip, cut in places by, channels. and tide channels There are also
‘a_few reef conglomera e zones on the wmdward s1de of 1s1ands, but these formatrons have no links

Ca reef the"two strrps _]ormng t ) getﬁer on narrow reefs, or'it éan Be scattered ini the leeward s1de of the

2,
reefs The size of "feef congxomerates ténds £6 increase from éast to west.

ore developped in the southem Plerades than i in the northem ones where
: ‘these formatrons decrease from west to east. Beachrock make a narrow zone 1mmed1atly behind the
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reef front on most of the southern Pleiades and the western part of the northern Pleiades. East of the
Jumeaux, island (northem Plerades) the.beachrock covers. large areas-which.are not'‘connected to the
reef. front There are. also some beachrock formations between reefs in-this zone and near the Styx
pass (southem Plerades) ERSOI : :

i ‘J . v Ny X fed

,Lagooni mner reefs are almost absent from the eastem part, of the northern Plelades These
formatlons are found.on the winward side of reef conglomerates in the'west of the northern Plejades.
They are usually built of a serie’ ‘of small reefs with a dropoff inside thé lagoon which does riot exceed
10m. Conversely, ifi the'southern Pleiades, inner reefs form a nearly continuous strip on the inside
part of reef formatlons -In'the western part inner. reefs-have dropoffs which can reach 30 m and are
little mdentef oing. towards;the main island, the dropoff decreases in hight, reaching only 5m at
Gece: islan esé réefs become. also much-more indented eastwards.On the leeward side of islands,
the ﬁxed f: 1y orals, is much less abundant-on the, i inner reefs than in the zones between the
1slands ‘arid ¢ ﬂ'“ 10, water ‘circulation commg over thebarrier reef ; Y o

DR TR

XPOS{
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,;I’he soft, bottom ovenng beachrock are found essentlally near the main island- and are more
developped in the northem patt. of the lagoon than in the southern part. These formations are just
behind the reefs JIn thenorthern Pleiades whereas in the:southern Pleiades they are separated from the
reefs by soft bottoms w1th coral 1sol;1ted coral heads Thrs is maybe lmked to the ¢ exposure to trade

w1th 1solatgd,i:oral efsi coverilarge areas, mamly ;west of the fault at depths over, 15m These -
" formations: -are alsg hkelywto be present inside Draule reef, .but could not be noted-because-of the great

depth. These formations are also found on the outer part of Draule reef; ‘sheltered by a bay. in this reef.
This type of bottom is found from there to the main 1sland

& i tad vl Rl end e o CT s .
Table, 3 spatlal dlstrrbutlon .of the hard bottom blotopes in Ouvéa atoll. The first number.represents the area
in hectares, the. second thetpercentages by. zone.

______ B O A T I T ] it

R Y sy e T el e - Pooaae e

SRR

Themes . ..,, ', = Zonel Zone2 Zone 3 }Zoned §{Zone 5 }Zone 6 Zone7 Total
Sheltered outerbametreef‘u ,19,9:3.9.. §132.3-84...§17.7-42 «~ }25.0-4.1,. }35.9-6.7 - |3.3-0.50." J0.9-0.28 136-3.9

Exposed outer barrier, reef. .. 1‘0;5-2.6‘,!,. 18.7-4.9 ;130.0-7.0 | §53.2.8.8 §32.66.1: §40.2-53 ' }14.8-47 200-5.8

Fringeing. reef of|, sheliered [ 22856 fo0554 - fa0.071, Jasoso [sa0es 13218 foss1, fres22
island - o C

Fringeing reef of exposed 14839 107017 26042 126049 §124-16 [4.8-15 51.4-15

island i L

Reefconglomerate "] 80.8- 189 143238 136254 ) 83.3:11.0 {513-16.1 [593-17.2
Reef front” Lo 17277 12621 |3306.1 35647 Joaon |32
Beachrock " M 453113 J45.6-76" Yra639 |139-184° |saia-16.7 f425-125

25 ars Tt

Lagodi’ mnerreef 4812 30,0-7.0° §329:55" [3827.0 ‘|45.060 31495 18454
Pools Y2961 21772 {39593 616102 {3 l26435 19028 §223-66

Chahnels and tidé chansels’ "} 30876~ |54.8:143 " J48.12113 §ar078 Jo718 " '} 57476 | 53.0-167  f300-8.8

Rubble . Joo246 |s62-147 §713.007.4 84.6-157 [148-196 R23875 [s77-168
Sand ° St iy g 197 1115300 §5.37.25 56-1.0 “121.7-29' | 28088 §59.0-1.7

Soft “bottom * With' ‘is”oiéted 17443 17846 |s31-124 {80.0-133 |354-66 [139-184  J423-133 [3859.1
coral heads [TV EIT Rt I SR IR NCIEY T 70 PN IRVETICIEP N (RS [ BT

Beach rock with'soft bottorn’ | 54.8-13.5 ' 28.67.4 |29:5.619° Jo-0'i ¢ f746-13.9 f51.1:68 [53.2-167 § 29283
Pinnacles \ ¢ <t iy L14.033J0-00 - ool T fo0rt o hi2022 Jos13 7 |8226  |31.4-091

Total * fro & |a07-100 " 384-100 ** | 451-100  J603:100  |612-100° [ 826-1007 J359-100 ] 3643-100
- — — - - ( - -
Pinnacles are scarce and dispersed. Actually, several types of reef formations are grouped
under this name, from large coral heads (over 10 m in diameter) to coral formations which
morphology is close to the one of the pinnacles found in the Polynesian atolls. Pinnacles are almost
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absent from the northern part of the lagoon. In the southern part, they are dispersed in the deepest
zones and are also present in small groups east of the southern Pleiades. Pinnacles are rather small
compared to some Polynesian atolls, and they play only a minor role in the geomorphology of Ouvéa
atoll.

B -PLANKTON ~ .« .- .

I- (v)ceanicwaters

Vhpic (e o

Oceamc waters around Ouvéa are not well known ORSTOM has sampled 3 stations near
Ouvéa durmg the September 1992 crulse Conversely, waters around Marée and Lifou (two of the
other Loyalty 1slands) were sampled dunng several cruises between 1982 and 1984 (PREFIL cruises
conducted by ORSTOM) The analysis of CZCS 1mages show that water magses around Marée and
Lifou have the same ongme than the water around Ouvéa. It is therefore lrkely that results of the
PREFIL cruises'apply also to Ouvéa waters. ’

These studies have indicated that there is no particular enrichment of the water linked to the
presence of the islands. These oceanic waters are poor, in phyto- as well as zooplankton. Minerals are
almost entirely absent between 0 and 100m, being constantly recycled by the plankton. The
planktonic primary production is one of the lowest ever recorded by ORSTOM in the tropical Pacific.
Secundary production has not yet been estimated, but the available data suggest that it should be
comparable to:the very low productron observed in‘the: Frpan Bassrn (PROLIGO crulses)

R L L Do e A A S I e

The production parameters of these oceanic waters vary much with time, yet they always stay
low. These variations'seem to be.more linked to large scale-oceanic phenomenons, such as El Nino,
than to.seasonal variations: Spatial variations- show also a w1de amplltude but the causes are not yet
determmed RARETI T

2 - Inner-lagoon waters

cruise (September 1992) is available at the moment. Taking into -
ability which is usually observed for the characteristics of plankton inside
el to reflect an average situation. This picture does not integrate the
ya phenomenon whlch 1s qu1te often observed in atolls.

The data from
account the témporal
atolls, these results ar
frequency of plankton

& S suggest on one hand an important

X her hand a recyclmg, probably fast, of the lagoonal waters

als leads to thmk that benthié metabolism dommates over the

’ metab‘olism’ in the wate: umm The first; vallable data on the functlonmng of the’ benthos tend to
“confirm this hypothes .part on benthos) The inner lagoon waters are very poor in minerals,

which is comparable to observatlons made i in the SW lagoon of New Caledonia, but is ooposite to

data from some atolls in the Center Pacrﬁc The data’s are summarised in table 4. ©

Data analysis
homogenelty in these wat
by the oceanic waters

.Chilorophyll a is more abundant nearshore than in the deeper zones. In the latter, chiorophyll a
is more concentrated near the bottom than to the surface. This spatial distribution is to be linked, on
“one hand to the i ificieasing ‘iriflaence of the botton compared to the surface, on the other hand to the
probably faster recyclirig of the water in the deeper stations. The average value (0.233 mg.m 3) is
. Very low'and comparable to the values found in the surroundmg oceanic waters. Slmllar values have
been observed on the GBR (Great Bamer Reet)

. Pt
1] !
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Pheopigments, which are degradation products from chlorophyll, show lower:values in the"
shallow stations than in the deeper ones. ‘There is also an increase of pheop1gments near the bottom
(sampled during d1ves) oo

Table 4: average values of the physical and chemical parameters inside and outside of the lagoon of
Ouvéa. Numbers between brackets are the number of measures.

Parametre Lagoon - water Lagoon - bottom Ocean

columm
Temperature (°C) 23.50+£0.23 (217) 23.63 £0.19(18)
Salinity 35.56 +£0.05 (217) ’ 35.55+0.012 (18)
NO2 (mole/ 1) - "0.003 £0.003 (126~ 0.026+£0.006 (9) C0.002% * 0.001 (1 Y]
NO3 (umole/1) =" 0.016 0. 0'15 (1‘20)' 0.236 +0. 094 (9) 0.003 £ £ 0.002 (11)
NH4 (p.mole/ 1) 0044 0. 06 (126) o O 14 0. 08 (9) X 07 +0.08 (11
PO4 (umole/ 1) 0.05 +OO3 (126) a OO7+001 (9) _OO5+001 (11)
Sr(OH)4 (umole/ 1) - 057+ 0.19 (33) . 0.43+0.06 (9) 0.72.£0.10 (11),

Oxygen (mVl) =~ 4.922+0.130 (70)

L Phytoplankton srze does not show any partlcular dlStI‘lbllthn accordmg to trme of day, depth
or distance to the main 1sland Phytoplankton density (mumber of cells / unit of volume) is:low,
comparable to values observed{on the.GBR, but nearly, 10 times.lower: than on Tikehau atoll (French
Polynesia), whereas chlorophyll a concentrations at Tikehau and Ouvéa are comparable

b T TUEER SR LU LS T F L) LA BEERNUSE
Prlmary‘ Il)roductron was espmated by three. methods »w1th nearly 1dent1cal nesults (from 19to
23 mg C. m’3 h7). This productron comes mainly,. from small size phytoplankton. These: values are .
comparable to findings on the GBR ‘at the same latitude.

20T e L . U e
184 cod
16 1
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B'i«ofrnass (mé AFDW)

ON K O @

o :leehau '
o 04-85
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e

: T Fxgure 11
companson ffthe b1omass (AFDW) of the 20() 2000}1 between Ouvea and other lagoons in the ’
Pacific

. J s e . e e - i h
i . . .

Z(’)oplankton biomass decreases with depth from the coast offshore (Flgure 11). Conversely,
it is not possible to show north-south variations inside the Iagoon Ouvea lagoon is poor, a first index
of this oligotrophy being a zooplankton biomass 2 to 4 times lower than other lagoonal systems
(Figure 12). This zooplankton biomass is at best twice larger inside the lagoon than outside in the
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oceanic waters, which are themselves poor. There is no significant zooplankton enrichment in the
lagoon: On the other hand, second index of ohgotrophy of thlS lagoon zooplankton is dominated by
small orgamsms “““

TR

Sl

An estimate of the quantlty of zooplankton in the 1agoon ylelds 113 kg / km? for the 200-2000
pm fraction and 79 kg /km? for the 35-200um fraction, that is 4 total of 161 tonns for the entire
lagoon. Darly carbon productxon by the zooplankton is estimated to reach 4.11 mg. m-3.d-1 for the
first fractlon and 6*32 mg: -3, d‘ -for the second one: The’ calculated tumover is particularly low (the
biomass 1s renewed every 21 h). Since almost all the zooplankton is nucrophageous most of its food
source is phytoplankton The ingestion of phytoplankton by zooplankton is estimated at 29.5 mgC.m"
3¢t whereas phytoplankton productlon is estimated to 30 nigC.m" 3 d‘1 Therefore, there would be
an equrhbnum between phytoplankton productron and zooplankton cons“mptxon It is then possible to
estimate the transfert coefﬁcrent from phyto- to, zooplankton at 35%, a rather high value.

Biomasse {mg)

(=

10 15m

ot o i i b e ¢ — e

Figure 15: variation of the biomass (AFDW) of the zooplankton with depth Bars on the left (stripes) :
200-2000p fractlon bars on the right (dots): 35-200p fractron

C - THE BENTHOS .- .
3 ;} Ly,
Bentho: ve{ncqmpas’s
of benthos at Ouvea was perfi
the functlonnmg of the benth

functlonmng nc%t bemg yet full
PR W 1 oot “ﬁ*. ;
1- Desjcription of the
{ "
1.1- La:goon bottomSA =
Benthlc orgamsms of the lagoon oms are: classrﬁed into 3 categones meiobenthos
(Orgamsms w1th a size, less than 2 mm), macrobenthos (organisms with sizes between 2 mm and 2
cm), megabenthos (orgamsms with sizes above 2 cm). The methods needed to study each category are

very different, Macrobenthos yrelded quantitative measures, but megabenthos could only be estimated
accordmg to seml-quantrtatrve criteria. . W -
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. Meiobenthos was studied with indirect measures. Its biomass is estimated by ATP analysis,
The ATP, values (297 ng/ cm?) are similar to those found in the SW lagoon of New Caledonia, but.are
significantly lower than those from Tikehau atoll in French Polynesia (360 ng/cm?). The. spatial. .
distribution of ATP in Ouvéa follows a decreasing gradlent on a NE-SW axis, the ATP values bemg

higher in zones where the sediment is thm. R P : ST
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Figure 13: spatial distribution of the macrobenthos abundance (orgamsms/transect)
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Figure 14: spatial distribution of species richness of macrobenthos (number of species /station)
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« Microalgae, laying on top.of the sediment, are estimated from the measure of chlorophyll a. .
The values are rather high (77 'mg/m?); and similar to resuits from Madagascar or Tokapoto atoll
(French Polynesia); They ‘are higherito. the findings in the. SW lagoon of New Caledonia or, Tikehau
atoll (French Polynesia). The degradation of chlorophyll produces pheopigments, the amount of
which are an indicator of the microalgae production. In Ouvéa, the data suggest a strong production.
The spatial distribution of.chlorophyll a follows a decreasing gradient from.the coast to offshore,
Pheopigments | have 4 very sumlar pattem :As ATP, chlorophyll a and pheopigments are correlated to
the percentage’ of hard bottoms The- spatlal distribution of ATP and of photosynthetic pigments lead
to think that the hlghest productlon isfound in aréas where the sediment is the thinest (and
consequently the deepest parts of the lagdon figure 8). .

FE e ‘u, f! F“‘\t”,

A total of 341 taxa were collected durmg the study of the macrobenthos, the average number
of taxa per statlon bemg 27. 6 and the: number of organisms per station being 60. These numbers are
Jower than those found in the SW lagoon bf New Caledonia using similar methods. The abundance
and species nchness of the macrobenthos show a clear gradient between the coast of the main island
and Anemata pass (Figures 13, 14) These parameters are negatively correlated to depth and the
percentage of hard bottom i

Figure 15: distribution of the, maJor

crustacean; div.: mtscclaneous, echl hderm; gas ) aster ods =
’4'-’0 » "
ﬂw,,;

Macrobenthos is dommated m‘abundance by molluscs (67% of mdlvxduals), worms (annelids)
and crustaceans bemg the-following groups (F,lgure 15). The proportion of the various groups varies
depending on which size class is considered, howéver, molluscs always prevail (Figure 16). For
megabenthos it is more difficult to comparé the abundance of the various organisms, some being
fixed or living in colonies (algae, corals). Among the free living organisms, molluscs are the most
abundant, followed by echinoderms. Corals and algae are the most abundant fixed organisms, algae
occupying larger areas than corals. The lagoon bottoms in Ouvéa'are noticeable for the low numbers
of echinoderms and the abundance of molluscs, in pamcular bivalves. Macroalgae are much less
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abundant than in the SW lagoon of New Caledonia. The available data suggest that macroalgae are
more abundant in Ouvéa than on Polynesian atolls, but confirmation is needed. Corals are more
frequent on the lagoon bottoms of Ouvéa than on those of the SW lagoon of New. Caledoma This is
likely to be due to the little thickness of the sediment-in Ouvéa which-allows coral to attach R ‘m;
themselves more easﬂy than they can in the SW. lagoon where sédiments are usually much thlcken .

Imu;

100% 1

80%

T 1 g

S

0% A = K

m20

Figure 16: distribution of the major zoologlcal groups collected in the 2mm (m02: 1179 organisms), Smm
(m05: 2256 organisms), 20 mm (m20 264 orgamsms)seeve ; Abrevnatlons are the same than on figure 15,
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Figure 17: boundaries of the major.macrobenthic communities
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The comparison of the proportions of the various groups in the benthos (living organisms)
with those in the bioclasts (dead organisms) shows some similarities. In particular, molluscs are the
main group in both cases. There are however major differences. Gasteropods are the main molliscs in
the benthos whereas bivalves are the dominant molluscs in the bioclasts. The spatial distributions of
the living molluscs and of their shells showralso some important differences: The former are mainly
found in shallow zones, the latter are closer'toithe center of the Jagoon.sThe distribution of mollusc™
eating fish.is-closer-to the distributior of‘the shellsf' than of the living animals: Foraminifers are not a
major group in the benthos, whereas' they are the second group in the bioclasts. One should however - -
notice that many species of forammrfers are less than 2 mm in size and therefore are not taken into
account in the study of the:macro- or megabenthos :Some drfferences between benthos and bioclasts
may come, from the way orgamsms and their. skeletons decaywln pamcular;there may.be difference in
spatial distribution of organisms with txme.vFrshxcan €at molluscs in orie'place and defecate the shells
in another,: the amphtude of this type of phenomenon being not: necessarely negligeable: s

h Yo RN BRI RVRTR AN "(’{{y 'q :.i - 1“3 »r,..{ oy Tt 4

The spatral drstrrbutlon oﬁthe abundarice of fost: macrobenthrc organism followsa = " Y
decreasing:gradient from:the coast towards the'ocean: Itis notthe samé with’the megabenthos. Some -
organisms (algae, holothurians) follow this gradient. Conversely, most of the other (corals; -
alcyonarians, sponges;-ascidians, crinoids) are linked:to. hard bottorus.and.aié abundant in places .

where the sediment isnot-very thick o where substrate:is dommated by ‘hard bottoms (rock or
beachrock) (Frgure 9) S TR T I ‘

Itis possrble to defme communmes (specres assocratrons) from data on orgamsms abundancek
Unfortunately, the use of non homogeneons abundance criteria for macrd- and megabenthos did not
allow-to group thetwo types of otgamsmsan“the same: aAnalysis: The study. of .the macrobenthos grves
the zonation. on figure: 17, the megabenthos: gives'  the Zonation-on:figure 18.. These two zonations are
closely related ‘and present many- srmrlarrtres with the bottom type zonatron (Frgure 9)

SEUET RN L HE TN T TR L SN SER T 4! o,

Tt g Porants
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,Ifigure 18: classification of the lagoon bottomn stations according to the megabenthos
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1.2 - Reefs . o s S

+ Only. the mégat;enthos was.studied. The dive;rsity and abundance of the megabenthos are
higher on the reefs than on the'lagoon bottoms. The available data suggest that the diversity would b
lower in Ouvéa'than in the SW lagoon of New Caledonia. Abundances for corals are of the same
order of magmtude in both areas, but the macroalgae and the echmoderms are.less abundant in Ouvé

The 7 geomorphologlcal Zones defmed previously (Flgure 10) shelter megabenthos
communities which characteristics are presented in table 5. The classification of these
geomorphological zones according to their megabenthdsiyields a similar result than their
classification according to their biotope. Megabenthos:diversity and to.a lesser'extent megabenthos
abundance are lower on the NE reefs. Elsewhere, the values are almost constant. The spatial
distribution-of diversity.varies with each group of organisms: The NE lagoon (zones 1 and 2) is
essentially pooriinrcorals'(2 to 4 times less spécies./ station than the other zones).. The NW lagoon
(zones 3 and 4) has average giversities éxcepted for gorgonians which are more diversified and more
abundant there (thisicould be linked to currents, gorgonians being usually.very good current
indicators). The/SW lagoon (zonéS)has the highest diversity of holothurians, urchins and
alcyonarians. The abundance of corals and alcyonarians increases from east to west-and from north to
south. The exposure to the trade winds probably influences this dlstnbutlon Algae are parttcularly
abundant-in the NW.lagoon; despite their low dwersny B O PRI

‘,;"""} “‘4«4«.11l {rs “\'i’v\‘*,’l Tt g ) o PO o s
Table.S:.diversity-and abundance. of the major benthlc organisms in.the 7 geomorphologlcal zones of

the Pleiade:reefs. Diversity is in number of species / station. Abundance is either an estimate of the number of -
individuals per m*forindividial organisms, either a cover éstimate (algae, alcyonarians; corals, sponges). These abundance
estimates have only a relative value, being derived from semiquantitative indices.

. ZONES
Diversity of the organisms . {1 . = ]2 13 .. . 4. . 5 . 6 7
Algae -’ 1.71 1.67 1.83 1.14 1.71 3.86 2.25
Urchins ** . 1.14 1.50- 12.17 2.00 1.57 © |{1.57 - }3.12
Holothurians 1.14 .110.83 2.50 1.86. 13.14 . [1.14 2.88
Sea stars-Ophiurians-crinoides .. {043 |- . 0.17 0.14 0.43 . [0.29 0.12
Corals . . 3.86 .. | 7.17 12.83 1271 * {11.00 }13.71 13.25
Gorgonians ' ’ 043 10.50 -;|1.83 2.71 143 0.71 1.38
Alcyonarians : Ge 1143 1083 - |1.83 .. [2.00 1257 1.86 2.88
Sponges ! ‘ 500112904050+ 1233 -0 11290 1129 ¢+ |0.86 1.75
Ascidians | Coie |1.5704]0.83 L {117 0 {129 ['1.00 1 | 1.14 1.25
Total ‘ P 113 4i13.8 012570 1251 24.1 . |25.1 28.9
Abondance of orgamsms Ll B SRR b Sl I SRR ¥ 5 16 7
Algae ; W 0.102. 7] 0.025% [0:024 -4/ 0.108 10.059. 10.081 ]0.033
Urchins { St -10.018-.10.052-22]0:075 ~+:{0.078 10.070 ]0.051 0.083
Holothurians | . .10.010. "}0.050~ {0022 - --10.023 ' . ]0.099 {0.020 0.021
Sea stars- ophlunans-crmoxd& - 10.0047 122 % |0: 00055 0.0048: 1 0.0047 ]0.0019 |0.0004
Corals i 0.073 10.147 . 10.301 0.363 ' 10.348. 10.386 10453
Gorgonians 0.0033 10.047.7:10.025 0.140 [0.089 10.0033 {0.0125
Alcyonarians 0.034 |0.058 (0.035 0.080 (0.164 {0.141 0.229
Sponges T 0.035 ~ {0.53. -10.018 - {0.025 [0.017 |0.011 0.055
Ascidians - 10.015 10.010 |0.017 0.054 10.017 ]0.016  |0.043
Total 0.30 0.92 0.52 0.87 0.87 0.71 0.93
20
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2 - Benthic communities structures on the lagoon bottoms

The data collected to understand the structure and the functionning of benthic communities
are not yet fully analysed and therefore the following chapter is an intermediate report.

aett . [PE A

The benthos biomass (scleractinarians excepted) is on averagé of 4.14 g/m? (all biomass

measures are expressed as Ash Free Dry Weight). The plant biomass represents 40% of the total (1.63.

g/m?), green algae (Chlorophycae) making 85% and blue algae (Cyanophycae) 14%. The animal
biomass (2.51 g/m?) is dominated by gasteropods and bivatves (Figure:19). These values are six times
less than'in the SW lagoon of New Caledonia, conversely; the ratio of flora to fauna is the same in -

both régions. The spatial distribution of thie biomasses follows approximatively the one of abundance, -

witha décreasing gradient from east to west.'A concentration of animal and plant biomass is
noticeable off Hwaadrila and also’halfway.between Menrthe and Jumeaux -passes (northern Pleiades).
This latter concentrentlon zone corresponds to'hard bottoms, - - ¢
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Flgure '19¢ distribution of the blomasses by trophlc categories for the whole lagoon. S: suspension feeders;
DS: surface deposit feeders; DSS: sub-surface deposit feeders H: herbivores; C: carnivores.
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Figure 20: biomass percentages for the major taxonomic group of each macrobenthic community
q§fined,on figure 17...
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The dxstnbutlon of the biomass (Flgure 20) varies with the communities defined on figure 17.
Thus, in the coastal community (group 1), which is the richest (5.72 g /m?), algae dominate followed
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by molluscs. It is also in this community that crustaceans are the best represented. In the community
of group 2 (1.87 g/m?) the presence of hard bottoms explains an important biomass of fixed
organisms (Sarcophyton and sponges). Plants are dominated by cyanophycae which are also linked to
hard bottoms. Plants represent only 25% of the biomass in this group. In the community of group 3
(2.05 g/m?) algae are even scarcer, most of the biomass being formed by molluscs. The community of
group 4 (0.75 g/m?), characterised by deep hard bottoms, is also dominated by molluscs, sessile
organisms playing an important role as well.

The distribution of this biomass into trophic groups (Figure 19) gives a first insight in the
functionning of these communities. The deposit feeders are the main trophic group (38%). These
organisms feed essentially on debris found at the surface or just below the surface of the sediment.
The origin of these debris can be extremely varied and in particular it can include living organisms
such as microphytobenthos. The first results on benthic primary production indicate that it is high
compared to observations made in the SW lagoon of New Caledonia. Most deposit feeders are
Cerithidae (gasteropods) or Holothuridae (echinoderms), both are not easy preys for benthic
carnivores. In the SW lagoon deposit feeders have a relatively lesser importance (they make only
20% of the biomass), but their absolute importance (3.1 g/m?) is higher than in Ouvéa. One should
also notice that in Ouvéa deposit feeders stay almost all on the surface, maybe because the sediment
is not thick, whereas in the SW lagoon the partition between surface and sub-surface deposit feeders
is 40%-60%. '

The trophic structure of the macrobenthos varies according to the benthic community (Figire
21). Primary producers are important in group 1 and 2, which are found in shallow waters. These -
primary producers have only a minor role in the other groups. The suspension feeders are inversially
proportional to the primary producers. The deposit feeders make a relatively stable part from one
community to the next. Carnivores are important nearshore (group 1) and in the middle lagoon (group
3). Grazers never make a major group. This variability of the trophic structure between communities
is similar to observations made in the SW lagoon of New Caledonia, and is by far more important’
than the variability observed for fish communities.
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Figure 21: distribution of biomass by trophic groups in each of the communities defined on figure
17.s: suspension feeders; DS: surface deposit feeders; DSS: sub-surface deposit feeders; H: herbivores; C: carnivores; PP:
primary producers
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The analysxs of the energetic budget of lagoon sediments indicates an annual productlon ®
of 0.88 g Cm™~ 2d-1anda respiration (R) of 0.84 g C m2 d-1 . These values are greater than those

- easured in the SW lagoon of New Caledonia. These Rambers (P>R) show that these sediments are
autotrophic (they produce more than they consume) and are therefore in great part independent from

. the reef and pelagic productions. The excess of production (approximatively 8 000 tonnes of carbonne
- | year) is exported to the reefs and to the ocean, however we do not know how much is allocated to
each. These results are opposite to the observations made in the SW lagoon of New Caledonia where
terrigenous imputs of 40 000 t of carbone per year are needed to balance the benthic catabolism.

D - FISH COMMUNITIES -
1 - Species composition

A total of 626 species of fish, distributed among 72 families, were censused during our

* surveys. 48 species had never been described before from New Caledonia, and two species are new to
.+ science. The major families are indicated in table 6. There is nothing particular in the species

' composmon of this atoll excepted for the low diversity of the Siganidae, Abudefduf; Neopomacentrus
. and Clupeidae. Similar findings were made in the Chesterfield islands, whlch suggests that these
exceptions are linked to the isolation of the atoll.

Table 6: species diversity of the families with more than 10 species

. Family Number of species Family Number of species

Muraepidae 17 Chaetodontidae 31

. Holocentridae " 18 Pomacanthidae 13
Scorpaenidae 20 Pomacentridae 55
Serranidae 37 Labridae 69
Apogonidae 27 Scaridae 20
Carangidae 13 Blenniidae 19
Lutjanidae 14 Gobiidae 46

. Lethrinidae 17 Acanthuridae 25
Caesionidae 10 Balistidae+Monacanthidae 10 + 6
Mullidae 15

2 - Description of the communities

For convenience, two types of communities will be distinguished, lagoon bottom
communities and reef communities. In fact, these communities are not independent because of the
© many exchanges occuring between them. :

2.1 - diversity

A total of 220 species were.censused on the lagoon bottom and 414 on reefs. The spatial
distribution of diversity is relatively homogeneous on reefs whereas there is an increase in species
richness from east to west on the lagoon bottoms (Figure 22). This change in species number is linked
to the increase of the cover by hard bottom (rock, beachrock, coral heads).

The diversity at the family level is also different between reefs and lagoon bottoms (table 7).
Apogonidae excepted, lagoon bottom have less species than reefs. Most families display a positive
gradient in their diversity from east to west on lagoon bottoms, whereas this gradient is not observed -
on reefs. Despite this absence of gradient, many families of reef fish show a particular spatial

o
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distribution, some prefering the oceanic zones (west of the lagoon), others sheltered zones (east of the
lagoon), the surroundmgs of passes o e SR
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Figure 22: spatial distribution of fish diversity. a) lagoon bottoms (species/transect) B) on reefs
(species/zone) (large numbers: all species; medium numbers: commercial species; small numbers: line species)

22-Density T poid

Density is: hlgher on reefs (3 7 fish /m?) than on lagoon bottoms (2. 0 fish /m?). These values
are relatively high compared to reefs in the Indo-Pacific. The spatial distribution of this density
follows an east-west gradient on the lagoon bottom, but dlsplays no particular gradient on reefs
(Figure 23). This. gradlent in the density. of lagoon bottom fishes is linked to,the abundance of hard
substrates. It:should be; noted«that this abundance 1S»oppos1te to what is observed for.benthic’
invertebrates and planktomc productlon If there is a chance that fish mﬂuence the abundance of
benthic mvertebrates 'it is very unlikely that they have a dlrect effect on planktomc production.

The various fish families do not have the same contrlbutlon to densny on lagoon bottoms and
on reefs, Caesionidae, Apogonidae and Pomacentrldae dommate lagoon bottoms, whereas .
Pomacentridae, Chaetodontidae, Acanthuridae are, the major famlhes on reefs. On lagoon bottoms the
density of most -species is not homogeneously distributed. .Some species-have affinites for passes and
reef proximity (for instance Lutjanus gibbus, Lethrinus atkinsoni, L.rubrioperculatus, Scaridae and
Acanthurus spp.), other species prefer the middle of the lagoon (for instance Lethrinus nebulosus,
Diagramma pictum, Epinephelus cyanopodus), shallow waters (i.e. Lutjanus quinquelineatus) or on
the opposite the deepest patts of the lagoon (i.e. Lutjanus bohar,. Aphareus furca, Gymnocranius
spp.). On reefs many species do also have special spatial distributions, however, reef species are
much more linked to-a biotope than to a particular zone on the reef. For instance, one can segregate
species (Scarus microrhinos, Acanthurus lineatus, A.triostegus...) which prefer habitats with a strong
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hydrodynamic action (barrier reef, reef front), but these species have approximatively the same :
density from one zone (the 7 zones defined in chapter A-4) to the next. i

Table 7: diversity, density and bjomass of the major fish families on the lagoon bottoms and reefs of

Ouvéa. Densities are in fish/m2 and biomasses in g/m2

Lagoon bottoms

SO

RO i 2,00k

Figure 23: spatial distribution of fish density (fish/m?). a) lagoon bottom

Reefs

all species; medium numbers: commercial species; small numbers: line species)
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Family - Diversity Density Biomass Diversity Density Biomass
Sharks 2 0.0001 145 7 0.0010 18.68
Holocentridae - 3 00,0005 011 14 *0.0116  1.87
Epinepheliinae 12 -~ + 0.0142 - 6.17 19 0.0344 - 14.18
Anthiinae 4 03933 092 4 0.181 1.48
Apogonidae~ . 13+ - 06535 038 ‘10 - 0.0151 0.14
Carangidae .- 3.0 00026 100 13 0.0055 6.37
Lutjanidae ., < T 0.0087 4771 . - .13 0.0950 ~ 24.86
Caesionidae: 250 07906 1158 - T +0:2389 - - 12.13
Haemulidae 5 0.0034 2.88 - 4 . 00011 2.04
Lethrinidae,: . : 9 < +0.0118  4.90 16 - 10.0992 14.86
Mullidae - <11 - 0.0506 1.00 15 0.0350 4.67
Chaetodontidae - - 12 0.0114 0.25 31 0.623 - 192
Pomacanthidae 4 0.0036 0.08 10 0.0384 1.29
Pomacentridae (Total) » 25 -~ 0.3812 . 1.00 -50 ©2.0855 10.65
Chromis- - oo 9 © 00554 0.15 14 1.5781  6.30 -
Dascyllus w4 0.1663 - .0.40 4 © 0.0151  0.10
Pomacentrus .« 1 T 0.1532 043 11 - 0.2654 * 145
Labridae ‘ 23 0.0040 139 60 0.1810  12.55
Scaridae 13 0.0135 2.56 " 20 0.1295  55.90
Acanthuridae 15 0.0144 474 27 0.2680  56.07-
Siganidae -1 0.0001  0.04. 4 0.0188 3.19
Balistidae . 7 - 0.0091 1.10 17 000113 2.11
TOTAL. 220, 2.012 56.17 414 3.72 259.5 .

B 2.8-3.5 fish/m? '

B 1.4-28 A -
wss o A 1-21 r s

b) reefs (large numbers:
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2.3 - Biomass

Fish biomass on reefs is greater (259 g/m2) than on lagoon bottoms:(56 g/m?). The value
found for reefs is high compared to similar reefs in the Indo-Pacific. Similar values were however
observed on barrier reefs in the SW lagoon of New Caledonia. The values found for lagoon bottoms
similar to those found in the SW lagoon and slightly superior to those from the Chesterfield islands.
In the SW lagoon terrigeneous inputs are however much greater than in Ouvéa. It is likely that in
Ouvéa these values are due to. the abundance of hard substrate which allow the fixation of juveniles
and are used as shelter by the adults. Up to now, the figures given by the analysis of the planktonic
and benthic production do not justify such biomasses on the lagoon bottom.

- Biomass is not evenly distributed on the lagoon bottoms. The gradients found for the diverst
and density are even stronger (Figure 24). This increase in the gradient is linked to the depth
distribution of the average weight of fishes. Indeed, the larger fish tend, for most species, to migrate
in the deeper zones of their habitat. Such an'increase in biomass with depth is an unusual -
phenomenon, the largest biomasses being usually found in the shallow waters because they support :
higher primary and benthic'prodiction. In Ouvéa, the data on benthos suggest that production is the
highest in the shallow. zones. ‘Therefore, there is a paradox in the distribution of fish on the lagoon
bottoms. - SRR :

On reefs, fish biomass does not significantly vary from one zone to another (Figure 24).
Conversely; fish biomass varies between reef biotopes, those with the highest biomass presenting
numerous shelters and calm waters (inner reef, pinnacles,:soft bottoms with coral heads).:,The lowest
biomasses are found in habitats with little shelter or turbulent waters (beachrock, channels and tide
channels, reef front).: .
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Figure 24: spatial distribution of fish biomass (g/m?). a) lagoon bottoms b) reefs (large
numbers: all species; medium numbers: commercial species; small numbers: line species) "

* The most important families in biomass are not the same on lagoon bottoms and reefs.
Caesionidae, Carangidae, Lethrinidae, Serranidae and Acanthuridae dominate soft bottoms, whereas
on reefs Acanthuridae, Scaridae, Lutjanidae, Lethrinidae and sharks are the major components of the
biomass (table 7).
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The commercially important fish make most of the biomass (72% on reefs, 66% on soft
bottoms).

2.4 - Size distribution

Many species of fish have sizes which vary from one biotope to another and especially
between lagoon bottoms and reefs. Most of these species are not territorial and it is likely that the
observed differences in size are mainly linked to migrations with age and not to a difference in
growth between biotopes (despite the fact that such differences between biotopes do probably exist).

On lagoon bottoms juveniles of non sedentary species are unusual. Lethrinidae, however,
recrute on seagrass and algae beds where they stay several months before-moving to deeper waters.
Mullidae have also many juveniles on lagoon bottoms, however these species are also observed as
juveniles on reefs. The other families which are at ‘tlmes found as Juvemles on the lagoon bottoms are
Scandae Serramdae and Acanthundae '

On reefs, juveniles are at times abundant and all families are represented. In particular, most
commercial species h4vé juveniles on reefs or near reefs. The reefs the closest to the main island have
higher densities of non sedentary juveniles than reefs away from the main island. By contrast, the
juveniles of many species (Haemulidae, Caesionidae, Kyphosidae...) were not observed. The juveniles
of sedentary specxes are found in the same areas tham the adults, however it is frequent that juveniles
and adults form separate schools.

3 -Structures : -

3 1- Troph1c structures . /
S5 mataedn »Mu. PRI R Bt ORI L S IO R .

Trophlc structures in species numbers (table 8)(Flgure 24) are almost 1dentlca1 on lagoon
bottoms and on reefs. This type of result is usual, the trophic stracture in species Varying only little
from one reef type to another w1th1n a region. This structure is dominated by carnivores, piscivores
and zooplanktlvqres The' structure found in Ouvea is very close to'the one observed in the SW lagoon
of New Caledonia, with however' sllghtly moré planktlvorous and ficroherbivorous species in Quvéa.
An analysis on a r‘eg1onal ‘scale: suggest that the proportlons of planknvores and mlcroherbwores are
inversely correlated to'the abiindance of terngeneous mputs ‘

Table‘8 troph1 ca gones n lagoon bottom*and reefs Dlversmes are in spec1es numbers densmes
are m ﬁsh /m? and b1omasses in g/m2 AT

el vdge el I

e

" Trophic ¢ategory™~*|* ' * Diversity- ~ **"| © " “'Density - | * : Biomass -
Lagoon Reef Lagoon Reef Lagoon Reef
Piscivores™ - i el gl T gy 0.045 70101 165" '56.2
Macrotarnivores (C)™* {"""%7 .| ' 115 | 0126 0.317 172 ' 1" 689
Mitfocarnivores (C2) " | 30 - 48 0,097 0219 | .08 't 6.8
Zooplanktivores® - T 42 &7 1615 2688 | . 140 '31.5
Macroherbivores 3 10 0.002 0.054 " 1.05 19.8°
Microherbivores 35 68 0.111, 0.692 5.84 -115.2
Coral feeders ... . N 27 0.006 |..0.046 0.11, 1.5
Detrititus feeders ... | L3 7 - » 0.011 0.097 0.62 93
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Figure 25: proportion of the various trophic groups in the diversity, density and biomass of the fish
communities. Pi: piscivores; C1: macrocamnivores; C2: microcarnivores; Zoo: zooplankuvores, Ma: macroherbivores; Mi:
microherbjvores; Co; coral feeders De: detntus feeders :

. J

The trophlc structure m densnty is dornmated by planktwores (ﬁgure 25). Camrvores and
microherbivores are the two other 1mportant trophic categories (table 8). There are slight differences
between lagoon bottoms and reefs. On lagoon bottoms.zooplanktivores are proportlonaly more
numerous and conversely mrcroherblvores coral feeders and detritus feeders less numerous.
Zooplanktivores are of dlfferent types on reefs and lagoon bottom. On the latter, most
zooplanktivores feed high in the water colum, whereas on reefs this category feeds mainly near the
bottom. The proportlon of. zooplanktivores o lagoon bottoms in Ouvéa is very high compared to the
SW lagoon of New Caledoma, but of the same order of magmtude than in the Chiesterfield islands.
The proportion of zooplanktxvores in the central Pacific is much lower (2 to 22%) It is therefore
likely that planknvores play a spec1a1 role in the functlonmng of the fish commumtres in’ Ouvea :

e

There are’ 1mponant dlfferences in the trophlc structure in biomass between reefs'and lagoon
bottoms (table 8; figure 25) Herblvores are the major group, on reefs followed by carnivores and
piscivores-Om lagoon bottoms carnivores are the main group, zooplanktlvores and piscivores being
also 1mportant. The structure observed in Ouvéa is close to the one found in the SW lagoon of New
Caledoma exther for- reefs or lagoon bottoms.~ : -

On Iagoon bottoms there are relatronshlps between the spatral distribution of fish trophic
groups and their preys Thus, zooplankton decreases with depth on lagoon bottoms and
zooplanktivores are found near.passes and in the Hwaadrilla bassin which is not very deep. Piscivores
have their highest relative abundance in the shallow zones, where juveniles of many mobile species
can be found. Microcarnivores are found in the coastal fringe which is also the zone where the density
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of macrobenthos is the highest. Microherbivorous fish and herbivorous benthos have roughly the
same distribution in the lagoon, the largest abundances being found along the coast. Conversely,
macrocarnivores do not present a spatial distribution which corresponds to the observations done on
their preys (mainly molluscs). It is likely for the latter that sampling problems could be involved.

‘We have only limited information allowing to correlate fish with their preys on reefs. The
relationships with the megabenthos are often significant, in particular mosttrophic groups are
correlated to corals and negatively correlated to algae. However, these relatronshrps indicate habitat
affinities and not trophic relatronshlps

3.2- hfe—hrstory strategy structures

Each ﬁsh species has vital traits (average size, longevrty, reproductrve rate, behaviour...).
These traits define a life-history strategy for the species. It is possible to classify species in broad
categories according to their life-history strategies. We have defined 6 classes of strategiés for reef
and'lagoon fishes, the first class grouping all fish with a short life, a strong reproductive effort... and
at the other end of the scale fish of class 6 have long longevity, a reproductive effort spread over a
long period of time, size is usually large... It is then possible to characterise a fish community by the

_ distribution of the species among these hfe-hrstory strategy classes. We have noted this structure, life

history structure. Lris

Table 9 : fish life histories on lagoon bottoms and reefs. Diversity are in species numbers, densities in fish/m?,
biomass in g/m2.

Cha

Strategy class . Diversity -Density ~ Biomass

Lagoon “-Reef Lagoon ‘| ‘Reef Lagoon’ Reef
1 2 2Y .36 0.237. - 1.916 0.5 74
2 .94 oo 140 1.688 1777 - 14.9 51
3 31 =635 0.026 -li- 0.245 11.7 65
4 27 77 0.026 0.160 1.33 11
- -5 34 63 . . 0.030. 0.101 19.4 98
6 12 18 0.005 0.021 8.4 76 .
Total 219 397 2.016 . 4.22 56.15 309

EEAREEY S U0 .
b There are only mlnor drfferences in the lrfe hlstory structure in specres between lagoon
bottoms and reefs {figure 26), | reefs havrng a lesser proportion of short lived species (classes 1 and 2)
This structure is very.close to the observatrons made in the SW. lagoon of New Caledoma and in the
Chesterfreld islands, but is markedly drfferent from the Central Pacific where short hved specres are
proportronally much Tess 1mportant in favor of species with, an average life span and a larger size
(class; 4 mamly) . e . o .

Fish from classes 1 and 2 (shdrt‘life high reproductive effort, small size...) make most of the
density (Figure 26, table 9) on either reefs or lagoon bottoms, with however a higher proportion of
class. 1 species.on reefs. Fish of classes 3 to 6 (average to very long life span, spread out reproductive
effort, medium to large srze) represent only 4.3% of the density on lagoon bottoms and 12.5% on
reefs. These numbers are very close to those found on the other lagoon bottoms in the region @Bato
7.2%), but these fish usually represent hlgher percentages on reefs within the region (24.2 to 29.3%).
‘Thetefore, the reef fish population in Ouvéa is likely to have a higher turnover rate than the other reef
fish communities in the region. An analysis of the trophic composition of classes 1 and 2 fish
indicates that they. are mostly species feeding on small preys (plankton, microalgae and
mlcrobenthos), Tesources whrch abundance probably fluctuates and is difficult to predict. Conversely,
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this type of prey (microalgae excepted) make only a minor contribution to the diet of classes 3 to 6
species, which preys are mainly macrobenthos and fish. i

Diversity

Lagoon

%Diversity

Ccl1 cLz clL3 cl.a cis | cls
Life History strategy class :

Density

Lagoon
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%Density

chL1 ] clL3 cLa cl5 cLe
Lite Ristory strategy class

m Lagoon
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Biomass

... CL3 CL4 . CL5
" Lite History sirategy-class

Figure 26 propomon of the various hfe history classes in dlversxty, den31ty and blomass in fish
communmes B - )

ST B . .

The biomass of the various life history groups is distributed in a way very different from what
was observed for density (Figure 26, table 9). Tndeed, fish of classes 3 to 6 have latge individual
welghts which compensate for their scarcety In particular, the largest fish (classes 5'and 6) account
for more than '50% of the biomass’ (49 5% owr lagoon bottoms, 56. 3% on reefs), whereas they '
accounted only for 1.8-and 2.9% of the densxty Thé magnitude of this phenomenon is not theé same
everywhere in'the’ region. T ‘particulat, on'réefs; these fish have usually‘a much lower contribution to
biomass (34 to 37%). 1t is likely that in Ouvéa the low fishing pressure, a factor to which these fish
are hlghly sensmve could be responsﬂ)le for thls matter of fact

LI DI FIRPNRY Tt B : y . ey

Specxes ‘of classes 1 and 2 ‘are mainly found in the shallowest’ parts ‘of the lagoon botforns and
classes 5'afd 6 spec1es prefer average depth zonies'(10-15m). On reefs, there i is no clearcut gradient in
the spatial distribution of life history ¢lasses ‘with the geomorphological Zones. Conversely, classes 1
and'2 spec1es prefer biotopes with numerous shelters and exposed to currents.

4 - Fish < habitat relationships
Only a few relationships could be established between fish and their environment on lagoon

bottoms, whereas on reefs theses relationships are very strong. It is likely that a sampling problem is
at the origin of this. Indeed, most samples performed for the study of the lagoon bottom substrate
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were limited to soft bottoms whereas most fish are linked to the hard substrates found on the lagoon
bottoms.

b
'

On lagoon bottoms, species richness, biomass and average weight are correlated to the
presence of rocky formations (beachrock, rock, coral heads). Species richness decreases very
significantly with sand coverage. The density of most fish community elements aremot correlated to
benthos, ' with the exceptlon of herbrvores and coral \feeders which-are: lmked to the abundance of coral
heads. . . A TR (R ‘

On reefs, species richness, density and biomass increase significantly with reef formations
and coral cover. The presence of sand or macroalgae has, on the opposrte a negative effect on these
communitiy parameters' ‘The other elerhents of the reef substrate (beachrock rubble, ‘debris and
gravel) have no direct mﬂuence on these parameters St P .

et 'e““»(‘«f‘w'u“ 3o s e EERRYERI o

% Itis very drfﬁcult to establrsh homogeneous ‘Zones on the lagoon bottom to which could be

lmked distinct fish communities. The zonations found by analysing the benthos or the ‘sediment

" (Figures 9, 17, 18) have different types of fish communities (table 10) The fish communities become
more: complex‘(mcrease of the species richness, density;’ blomass) from zone 1'fo'4 (zone 5 was not
sampled' by visual-censuse$ for fish).: This corresponds to-coarser sediments, to an increase in the
heterogeneity of the: substrate to the‘increase of coral heads and rocky formatlons (rock beachrock
large boulders)kine. wme et bz 0 Co Ty : : ‘

R P I (IO T ’n, . . : ¢ '

Table 10:.speciés richnéss’ (frsh/transect denstty (ﬁsh/mz) and bromass (g/mi) of the flSh communities

IS B I T

defined byxthe zonatlon of figure 9. - -, .- ey R
B AR P T LR S vtk L et
e Specres’nchness o tDensity ¢ . o750 . Biomass
0.67 17.2
2 L | I Y
o b w1330 Co. 499

R SRl e 18T S . ) 177

Table 1 1 characterrstrcs -of the ﬁsh commumttes from dlfferentfblotopes D1versrty i$ the total number of
species found in each biotope (sampling effort was not taken into account). Densrty is in fish /m2, biomass in g/m2 and

average weights in g. Areas are in ha (10 000m?).
4

B R I ST i .. . .

Bmtopes ) 'I‘otal surface Diversity  Density ‘,,,“Biomass . Average

V . e .+ weight
‘Barrier » reefs 336 229, .”5-'43‘ vt 291 . .54

anngemg reefs g 152241 ’343' T 142

Reefcong]omerates A 1+ DA v i IS X7 365, 1 101 °
Reeffront * "= = =l et 182° 7516 - 229 44
‘Beachrock =~ . o 425 214 2.60 296 114
Inner reefs 184 225 7.48 404 54
Pools - : T 223 166 2.56 217 85
‘Channels and tide charmels " 301 221 8.23 2226 ., oo 27
‘Rubble B 577 200 248 159 64
Soft bogtom with coral, heads oo 385 168 . 473 494 104
Soft bottom wrth beachro““, L. 292 219 274 357 130
Pmnacles S 32 64 .. 495 542 . 109

vl

;;";Uf(faf W o T LT ;

g g On reefs, 1t Iooks lrke there is no fish community zonation which corresponds to the
geomorphologrca] zones defined on figure 10, whereas the megabenthos presented strong affinites
with this zonation. Conversely, fish are distributed according to reef biotopes, each biotope carrying a
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different community. These reef biotopes are very patchy and there is an important circulation of figh
from one biotope to the next, however each biotope has distinct species. Despite it is not possiblesto, s
give precise figures with the available data, it looks like the most complex communities (highest
species richness, density and biomass) are found where the substrate offers thé most shelters. The
sheltering role played by rocky formations on sandy. bottoms or on rubbles is often spectacular, : ...,
densities changeing within meters between 01 -0.3 to at times 20 fish / m2. This role is mainly. .., - ;.
important for,small fish, in particular the planktivores which tend to gather in schools around coral .
heads, specially in zones with current (in particular near passes). T

.5 - exchanges between lagoon bottoms and reefs

Fish communities in Ouvéa support two major types of species, sedentary species and . .
wandering species (or mobile species). The distinction between these two groups.is not always easy; a
number of mobile species staying for long periods in the same place. The degre of mobility (or range)
of most reef fishes is not well known. Our data mdlcate beyond doubt that exchanges exrst between
lagoon bottom and reef fish communities. : :

A number of specres (Lethnmdae, Lutjanidae) migrate daily form the reefs to the.lagoon
bottoms and back. Reefs are used as shelters, these fish feeding mainly on lagoon bottoms. These
daily migrations.could reach several km (case-of the large Lethrinidae), but in most cases they
probably do not exceed a km. Other fish come and go between the lagoon bottoms and the reefs
without apparent pattern. It is the case of Aprion virescens (green job fish) or Lethrinus olivaceus
(longnose emperor). A limited number of species feed on the reef and take. refuge in the 1solated coral
heads nearby (some Acanthuridae and Scaridae). A large number of:grazers (Scaridae; Acanthuridae,
Siganidae) move with the tide, grazing at high tide on the top of reefs and at low tide on rocky
formations: erther on the reef or on the lagoon bottoms, in particular on beachrock.

There are longer term mrgratlons. As already mentioned, many Juvemles of Lethrinidae,
Siganidae and.to a much lesser extent Lutjanidae, Scaridae and Acanthuridae recrute on seagrass and
algae beds and migrate little by little to the reefs. These biotopes play therefore a role of collector,
despite the fact that juveniles of these species are also seen on reefs. It-is possible, as it has already
been found in the Carabbeans, that lagoon bottoms shelter the juveniles which were in excess on the
reef at the time of recruitment. This role is spec1ally well filled in Ouvea, where refuges abound on
the lagoon bottoms. ‘

There are probably also reproductlve migrations. In Ouvéa, the only observatron which
corresponds to this type of migration is a concentration of Aprion virescens around thé"Ile de la
Tortue". It is likely that many other species, in particular the Serranidae (Plectropomus spp.,
Epmephelus cyanopodus) and Lethrinidae (Gymnocranzus spp.) or Lutjanidae (L.gibbus) migrate to
passes for spawning as it is observed in the SW lagoon of New Caledonia. Some Lethrinidae.are also
known to come in shallow waters to SpaWn near seagrass beds (L.nebulosus, L.atkinsoni).

Cihs
E- THE RESOURCES

1 - Mineral resotrces

t
u .

The'present study never had the purpose of evaluating such resources, however, the presence
of a 50 km beach may lead to think that there are important stocks of sand uriderwater in' this lagoon.
Most stations had only a thin layer of sediment, usually less than 5 cm, which suggests that it is very
unlikely that there are great quantities of easily exploitable sand.
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Figure 27: benthrc 1nvertebrate resources (relatrve abundances 1 : rare; 5: very abundant)
a) shells for: handycraft - bygiant clams . c) holothurians

‘

| AR 1. . [XP
2 Invertebrates i
- o e .
¢ Our study did not find any\explmtable mvertebrate Tesource. Semrquantltatlve estimates show
however that there are some small concentrations of holothurians and giant clams (figure 27) and that
decorative seashells could be collected for a small scale handycraft. It should be noticed that two of
the major invertebrates explorted on the mainland of New Caledonia, trochus (Trochus mlotzcus) and !
Pectrmdae (scallops), are. veryrrare inOuvéa. .. .., ... . ..

i

i R

4 [T I T PR RIS

In shallow. water, there: are many srtes well protected from the trade wmds along the beach of
the I marn rsland These;sites could be favorable to sea weed farms if such an actrvrty developped in -
New Caledoma (at the: moment it would not be economxcally vrable)

i

N n‘ﬁlu AT ES S | BUSEL

3 Fxsh

sl

[y b . L e PRTITLIN
Two methods were coup[ed to evaluate the fish:stock in Ouvéa. On reefs, only the visual

censuses were used. Conversely, part ‘of the lagoon bottoms could not be accessed by diving, and it
Was necessary to_use both experimental fishing and visual censuses.

Y. 1. Wt
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3.1 - Stock estimates -

3.1.1 -Reefs ‘

Reefs cover approximatively 40 km2 in Ouvéa, It is possxble to estimate the total stock either
by geomorphologlcal zone (Figure 28) or by biotope (table 12), the two methods giving very close
results. The detall for the major ¢commercial species.is given' in table 13. Reefs in Ouvea carry on
average 190 tons of fish /km?. Thete are few studies giving values for reef fish stocks, but Ouvéa
seems to have important ones. In the SW lagoon of New Caledonia the numbers are twice lower (80
tonnes /km?). On the GBR values are intermediate..Five famxhes dominate the commercial species,
Serranidae, Lutjamdae Lethrinidae, Scaridae and Acanthuridae. The same families usually dominate
on most reefs of the Indo-Pacific. Scandae and: Acanthundae, two families of herblvores, have
biomass which are much hlgher than in all the other studies we know.of. Unfortunately, we do not
have the values of the pnmary production on- the reefs of Ouvea in order to know if- these blomasses
ongmate from a hlgh pnmary productlon or j\lSt translate a very low ﬂshmg pressure

Table 12: stock estimates by blotope Surfaces are in ha, stocks in tons. The mtervals given are 95%
confidence intervals. L B I

* : we had no observed value for the sandy areas in reef zones. The values ngen are e;(trapolated from the average biomass
observed on lagoon bottom stations where sand made, more than 80% of the substrate ,

** : we do not have enough coastal statlons to pamtlon betwe e vanous coastal blotopes

T

Blotopes R Surface (hg) Total stock S Stock of commercnal Stock of lme fish
Lo specnes
Sand * : 60 - 2k 7.8 C 24
Barrier reefs : 336 -978+128 6674195 o 2844181
Fringeingreefs ' = 7 128 v 430£125' % 7 0 363126 64:+47
Reef conglomerates L 593 © 21644231 ’ 4 16224326 436166
Reeffront . ~ ° SN RnU254H45 L 162461 Lo 6162
Beachrock ' JA25. 12584165 0t . 8264298 12861259
Inner reefs - - 184 [ 743463 = - -3 498+184 © 1130494
Pools 223 . C 484476 1 ©274%154 ' <o 139%111
Channels and tide channels - 301 Lt 604120/ TEO440R126 1 - 57442
Rubble ' ' k a7y b 917156 1517 [ . 7184208 <t 176498
Soft bottom ‘with coral heads 385 19024393 10184454 - 6361604
Soft bottom with beachrock 292 10424225 9324537 200£120
Pinnacles : 32 173432 0. 65454 i . 55468
Coastal zone ** . 401 593+104 .. - 198+20 - 201123,

Total “<hf el 4048 i hT16302529 . “T6S4TAL 12520145

Among the 128 expenmental ﬁshmg stanons, 46 were also sampled by visual census. The
correlations between the catch (CPUE) and the biomass observed along the transect is not very good.
A similar study m ‘the SW* ]agoon of New CaIedoma hiad correldted: visual censuses with bottom
longline caichés’ In thi§’ latter case, correlatlons weére very good ‘certainly because the visual surveys
were performed at the same time as the’ ﬁshmg;r Whereasi m Quvéa’ fishing and obsérvations took place
on different dates and not necessarily at the precise same place It is however possible to relate CPUE
and the biomass of fish observed (figure 292)

In (i’sigsr’ﬁas"s); 7:39 (£0.41) + 1.579 (#0'131) In (CPUE in weight) - 1 =0.489 = N=43 : (1)
L ockera f y N . st .. ~“v;,{.‘. : . . .
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Itis possible with this equation to estimate fish stocks for all the lagoon bottoms even in areas
where visual censuses were not performed. However, the high variance of the data can be strongly
decreased by stratifying the data by depth zones (equatron 2- fxgure 29b)

41

. ln (Blomass)—' 0.455 (+0 132)ln(CPUE in Werght) +0.857 (+0 158) r=0.86., N—7 ‘ @2 ..

. L IS Y -jrvu‘v‘;:‘. - . e D O U ST FEEO
Table 13: estimation of reef stocks for the major commercial species. Stocks are in tons. The upper and
lower limits are the 95% confidence interval. * all other commercial species in the same genus or family

Species ' © " Stock lower limit Stock upper limit - Stock average value
SERRANIDAE ‘ e . o e
Epinephelus cyanopodus o 302! 315 30.8 -
Epinephelus maculatus 18.1 19.7 18.9
Epinephelus,spp.*. 7<= 7 428 484 .7 . 45.6
Plectropomus laevis = . - 168 189.8 . w1789
Plectropomus leopardus - 1921 1002,

Variola louti ) T 434 496
LUTIANIDAE _ T L
Aprion vzrescens ' o 829 92.3..
Lutianus, gibbus P "21‘.0‘ . 239"
LETHRINIDAE . - E
Lethrinus atkinsoni . © St 109. 3 . 133.7"
Lethrinus nebulosus : - 98! 10.8 -
Lethrinus olivaceus "-.*. - 306 33.0
Lethrinus obsoletus: — - - -2t 6.8
Gymnbcranius spp. s “ 90.0 e 101.2
Lethrinidae spp.* ‘ 26.9 349
LARBIDAE '+ :
Cheilinus undulatus 286.2 © 312 298.7
SCARIDAE e o - e ’
Scarus microrhinos o 3463 o 310. 9. -
Scarus ghobban 853 - KRR (1
Scarus altipinnis .. . . 326.5 ’ 296.5
Scarus rubroviolaceus 535 59.5 .56.5
Hipposcarus longiceps 696 . 934 o . 815
Cetoscarus bicolor S 899 " 99.7 < 948
ACANTHURIDAE, .
Acanthurus blochii A 455 Y 594
Acanthurus mata 89.0 124.2 106.6
Acanthurus dussumieri LT 1439 - 1779 . 160.9
Acanthurus xanthopterus o ih “M:a'03 6 - 464.0 e 383.8
Naso brevirostris 36.8 424 . " 396
Naso tuberosus 1474 175.6 161.5
Naso unicornis -, Vel e by 839 - - -102.3 e, 931
SIGANIDAE N TSR BTt : . e .
Siganus argenteus C 32.6 46.0 39.3
Siganus punctatus . . . .. . 753, e .90 S 827
TOTAL S ’ 4994 0 ¢ 4438,

N S

. Frgure 28 mdrcates that mosty of the stock s:found in the’ deeper parts of the lagoon A
detarled accqunt of the stocks for the, major specrles is grven m table 14! Commercral specres represent
17 tons/km2 of wh\ch 10 3 tons/km2 are lme ﬁsh

i These valuesyshould be“c Snsid: Uered as o er ‘of. magmtude for the stocks. There are numerous ’
sources of érror and of variation which can not be possrbly taken into account. Thus, it is very likely |
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that there are seasonal:and anhual Variations of the standing stocks. The magnitude of these variatior
are sofar unknown, but preliminary-data from the SW lagoon of New Caledonia suggest that they
could be very important (up to’50%-over a 4 year period). There are also biases'due to the methods,
all species are not detected the same way on the transects, In partrcular, many Lethrinidae were
captured but few were seen during the censuses. "Conversely, some species are attracted by divers
(Serranidae in particular). Depending on the time of day and the tide, fish are more or less active and
therefore more or less detectable, and consequently their blomass esnmates may vary

3
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Figure 28: spanal distribution of the sta.ndmg stock (commerc1al spec1es)
a) Iagoon bottoms b) reefs ,
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Figure 29: ' -a)biomass-CPUE in welght b) biomass-CPUE in weight relationship
Vs - visual census . e f stratiﬁed by depth zones
U . v

. The standmg stocks found for the lagoon bottoms of Ouvea are h1 gher than in most studies
performed in, srmrlar habltats In the SW lagoon of:New Caledoma a study correlatmg diving and
bottom Ionglmmg mdxcates 37 tons/km2 On the atoll of leehau (French Polynesia) the analysis of
the available data suggests 7. 5 tons /km of commercral ﬁsh In the Maldives, a study based on
bottom longhmng ylelds estlma '6 12, It is drfﬁcu]t to give 2 a reason for the hlgh values
found in Ouvea The lagoon has's very 1ow f shmg pressure and stock can be consxdered as in an
virgin state, conversely to the other lagoons. The first results from the benthic production survey
suggest a rather hlgh productxon On,the. opposxte planktomc productron is low, the lagoon and
oceamc ‘waters bemg poor in mmeralsA The, spec1a1 structure of the lagoon bottoms (abundant rocky
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formations) is certainly a major factor for.the size of the standing stock. Indeed, most lagoons have
few shelters, the central parts of lagoons.being frequently sedimentation.zones with very fine
sediments. Studies on artificial reefs on'sandy bottoms indicate that reefs play not only a role of
shelter.but also favor the retention of juveniles..In Quvéa, the lagoon rocky-formations could -
therefore increase the recrutment capacity and allow a better use of the primary resources as indicated:
by the high percentage of plankton feeders in the communities of the lagoon bottoms.

T I e RS DT S

Table 14 Standmg stock estxmates for the'major’ commermal species. All: valie¥are in tons. LOS: lower limit

of the 195%,conﬁdence intérval, H95 uppephmlt of the 95%, conﬁdence interval.(VS: visual census)» .

e RN

a) line“fi'sh:;;m .
g oded o 2t

i KT

Species’, Flshmg HI95
Epinephelus ¢yanopodus 623
Epinephelus maculatus 959 -+
Other Serranidae 146
Carangidae, :

Aprion virescens: 'y, -
Lutjanus bohar

Lutjanus’ gibbus ™ ;,

Other Lutjanidae -
Diagramma:pictun,
Gymnocranius spp:
Lethrinus atkinsoni”," .,
Lethinus nebuloxus ~
Lethrinus olivacens -
Lethrinus rubrtopercularus
Other Lethrinidae /'
Sphyraenidae, "+
Bodianus perditio o P

P : - RE i RTINSV S “
Specxes s : Stock -avera Lower limit = Upper limit EAE BEER
Epinephelus spp.’ #,0k i wa HE1355m Y ; . R
Plectropomus laevis 343 150

Plectropomus leopardus
Carangtdae spp.%.
Lutjanus vn‘tus g
Lat/zrmus spp ¥
Clzetlmus undulatus
Bodianis perdmo
Scarus ghobbdn .;;
Scarus alrzpmms .
Scarys spp, *

Acanlhurus blochii -+ ;

Abantiiiigs disstanieri 550 T '1085"‘5"5 &
Acanthurus xanthopterus 335

Naso annulatus -~ + RSV

Naso tuberosus S © w600
Naso spp, 155

T();I‘AL .

B Only part of the stock ¢ can be taken by
optimal, ¢ the' cateh should beh max1mum ye! w1t§10ut Jeopardlzmg the perenmty of the stock: Such a !
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value is called maximum sustainable yield (MSY). This value is only theoritical:and its main purpose
should be to give an order of magnitude of the fishing potential. It is difficult to estimate this MSY '
for a multispecific stock, presently no method is really satisfactory. On the other hand-we have only: .
very limited-data on the biology of the fish-making the stock in Ouvéa For these reasons, we used ant
approximation, the Gulland formula: . ¢ - T

. . N ¢ - .
a v O

iy ERE S S48

MSY = 0.5 MxB where M is the natural mortality rate and B the stock in tons

We have no good measure of M for reef species, however most of these species should have
mortality rates between.0.3 and 0.5. The estimated MSY's for the major species are given in‘table.15.
These numbers are certainly well above the real potential of the atoll Our days +the: Gullancfformula L

" mortality rates of commercially 1mportant reef fishes, 1t is likely that natural mortality rates are lower "

than the numbers usually given. If these brases are taken mto account the MSY for the whole lagoon
becomes close to IOOOtons/year B o1 ‘ L . i

iy

table 15: estimatedi_MSY (in tons/jéar) of the nlajor cominercial spéoies in Ouvéa

Species ;. o MSY » Specres ‘
Epinephelus cyanopodus” TLoelads * Bodianus perdmo
Epinephelus maculatus 182 + Scarus mtcrorhmos
Plectropomus laevis *° - .. 60 Scarus ghobban ’
Plectropomus leopardus . C40 Scarus alttpmms )
Variola louti . L, 34 Scarux rubrovwlaceus o
Carangidae 740 Hrpposcarus Iongzceps
Aprion virescens -‘;, ; . 610 Cetoscarus bicolor
Lutjanus gibbus ~ ..; ) 50 55 Acanthurus blochii
Lutjanus vittus 3 - 14 Acanthurus mata - FEReeY
Diagramma pictum 1. .. 255 Acanthurus dussumieri: -
‘Lethfinis atkinsoni *:.. - : 190 ' . Acanthurus xanthopterus -
Lethrinus nebulosus™ - ... <1 200 Naso brevirostris T
Lethrinus olivaceus 65 Naso tuberosus
Lethrinus obsoletus 2.5 Naso unicornis:iie: « wii i “pasry oyl
Gymnocranius spp. S 85 Siganus argenteus :
Lethrinidae spp.* . Lo ,140 Siganus.punctatus. ; 5. o8 Ca

Cheilinus undulatus ' 25 TOTAI. (all commercial species) 4290 TN
Fisheries operating on reef  systems or on atolls have very vanab]e yields, from 2kg to 370
kg/ha/year. If an MSY of 1000 tons/year was apphed to Ouvea, lt would correspond to y1elds of ]2 kg
thus showing that the ﬁshmg potennal of this atoll i is underexplmted» . .
“af WA o R T S8R
It is very important to-noté ‘that this fishing potent1a1 of:1000. tons/year is not evenly®™ & < °
distributed on the lagoon (Figure 28). The deeper parts of the lagoon and the reefs have the’ hlghest
potentials and the ﬁshmg effort should be directed pnmarly to these zones Conversely,‘t,h a!l _

CONCLUSION

There are several paradoxes in the' atoll of Ouvéa. On one hand planktomc productlon 18 low
but planktivorous fish are abundant. On the other hand, macrobenthos is poor (low ‘aburidance and
biomass) but benthic carnivores are one of the major fi sh‘trophrc groups. At last, the spatlal
distribution, of species richness, the increase of drversrty and fish. blomass wrth depth arg opposite to.
the observations made for benthos and to the usual distribution found in atolis.
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-+ lagon d'Ouvéa. 28me partie: I'environnement physique:-La-biosédimentologie, les caractéristiques
PhYSIques ORSTOM Nouméa Nlle Calédonie - Conventions Sciences de la Mer 10:3-46

“ The atoll of Ouvéa has a special geomorphology, conversely to most atolls, it is not formed
around a bassin; but displays a regular slope from'east to west, in the axis of the tradewinds. Thi$
structure could be at the origin of the very. thin sediment layer found in Ouvéa. It is possible to define
5 groups of sédiments ‘in this atoll."The benthic and fish communities have!characteristiés which are
linked to this sedlment stricture. oo s SR et el e ety o el

Heaon g

P PO LT L e AR

There is an east-west and north south grad1ent m'the geomorphology of the reefs bordenng

Y 1 .,tlt t muq BT TN
The plankton productlon of the atoll 1s low ‘The productlon axiridard foand'i :

parts of the! lagoon‘ Jt'iss there alsoithat benthos is the richest: ConVersely} ‘ﬁsh havelthe d] opposrte I

dlstnbutlon “bromass and Very l1kely productlon, mcreasmg w1th depth lltt is p0551ble that samplmg

e

precisely/ofirthese iard partstthat mostiof the: lagoon bottoms ‘Fish. commtfmtlesfare found Ther :
available data:do ot allow to say whetherfish:choosé these hiard:striictures for'shelter:or because
food is more abundant there than‘on soft bottomstIthasbeen: hypothe51sed thatﬂaccordmg to the s
distribution‘of ATP:and Ofithé photosynthetlc pxgments, ithe’; zoneslwnh ‘the’ thmest«sedlment layer: a-
were among the'most: productwe in the lagoon. B wsll :
st o 3 :
Aot Rish commumtles are: d1fferent onildgoon: bottoms %md on: reefs' Spiecies’ ‘chness, densxty
biomass are larger on: reefs -where the’ spatlal orgamsatlon ‘of theiCumimunifies is'linked to habitat

R

" distribution and not to geomorphological zopes. On lagoon bottoms;. ﬁsh communities are linked to

sedimentological zonations and to, depth, the major element in the spat1a1 drstnbutmn of fishes being
the abundance of hard bottoms. The trophic structure of the ﬁsh commumtles are.dominated by
zooplanktivores and microherbivores. On lagoon bottoms,- zooplankhvores are’ essentlally species
feeding high in the'water columm, whereas on reefs they are.made of species feeding near the bottom.
The abundance of zooplanktivores may explam in part the high values of the fish biomass in this :
atoll, plankton being much 'better used than in Polynesran atolls where plankton product1on is much : N
higher and fish biomass lower. Ouvea fish communities have a hlgh percentage of species with a i ;
short life span. This suggests that there could be 1mportant vanatlons of commumtles ona short term E
basis (2 ~ 5 years).

Besides fish, rio important marine resource, was found during thls survey The total fish
standing stock is high, approximatively 17 000 tons, ef Wthh 13: 000 tons are on lagoon bottoms and
4 000 tons on reefs. It should be possrble to explmt approxlmatlvely 1 000:tons /year, the present
tonnage being around 70 tons/year. One should y yetp y a very spectal attention. to the spatial
distribution of the fishing effort which should directed to the deepest parts of the Iagoon which are
also the furthegt from the villages. The specnes which have the highest ﬁshmg potential are Aprion
virescens, Lethrmus nebulosus, Epmephelus cyanopadus E. maculatus and Dtagramma pictum.
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