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ABSTRACT - Mayflies (Ephemeroptera) are among the oldest known flying msects They are strictly
freshwater mhabitants WIth weak dispersal abihtres, thus an mteresting group for biogeographical studies
At the begmmng of the 1990s, only twenty species were known m Madagascar SInce then, extensive
studies by the LRSAE at over 660 different locahties (more than 850 samplmg points) led to the
rdentification of at least 200 species, all endemic, and belonging to more than 40 genera and I I farmhes
The distnbunon of the investigated families IS discussed herem One family, the Pahngenndae, IS not
present In contmental Africa The absence from Madagascar of some other famihes IS also analysed The
genenc endemism rate IS about 50% and can be m part explamed by radianons of some taxa after the
breakoff With Gondwana These adaptations were made possible by the lack of competitors m most of the
runnmg waters Comparisons are made between African and Malagasy faunas The mam distribution
patterns found In Malagasy mayflies are Illustrated
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RESUME - Les Epherneropteres constituent un ancien ordre d'msectes exclusivement dulcaquicoles, a
pOUVOIf de dispersion restremt De ce fait, ils constituent un groupe de choix pour des etudes de
biogeographie Jusqu'au debut des armees 1990, seule une vmgtame d'especes etaient connues de la
Grande ile Depurs, les recherches rnenees par le LRSAE sur pres de 660 stations differentes, representant
plus de 850 points de prelevements, ont perrrus la capture et l'idennfication d'au moms 200 especes
exclusivernent endermques appartenant iI plus de 40 genres et iI I I farmlles La distnbution des farmlles
rencontrees est discutee Vne seule d'entre elles (Pahngenndae) n'est pas presente en Afnque contmentale
L'absence de certames autres a Madagascar est egalement analysee Le taux d'endermsrne genenque
s'eleve a pres de 50% et peut etre exphque en parne par des adaptations posteneures iI la separation du
Gondwana, rendues possible par I'absence de competiteurs dans les rruheux colonises Des cornparaisons
sont faites entre les genres endermques et cornrnuns des faunes afncaine et malgache Les pnncipaux types
de distribution rencontres chez les ephemeres malgaches sont illustres par quelques exemples

MOTS-CLES - Ephemeroptera, Epherneres, Madagascar, Biogeographre

INTRODUCTION

Mayflies (Ephemeroptera) are the most pnrrntrve order of hvmg winged insects
Larvae colonise all types of freshwaters, from brooks and spnngs to large nvers, ponds
and lakes Although the adult stage IS extremely short (generally less than one day), the
larval growth may last from a few weeks until two or three years, mainly depending on
water temperature and food availability (See Bnttam 1982 for a review)
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As a result of their short adult life, mayflies' dispersal power IS generally rather
weak, and they represent a good group for biogeographical analyses

The Madagascar mayfly fauna was almost unknown until the beginnmg of the
1990s Less than 20 species were recorded by different authors such as Latreille (1833),
Navas (1926) or Demouhn (1973) The start of the program «Biodiversity and
biotypology of Malagasy runmng waters» led to the creation of the Laboratoire de
Recherche sur les Systemes Aquanques et 1eurEnvironnement (LRSAE) In 1991, JOIntly
between the French ORSTOM (now IRD) and the Malagasy CNRE, and gave a new
boost to aquatic Insect research on the Island

Our actual knowledge of the Malagasy mayfly fauna, although quite Incomplete at
the specific level, allows us to present some prehrrunary results and answer the
following questions What are the affinities and onginahty of supraspecific taxa, and
which other faunas are they linked to ?

MATERIAL AND METHODS

The results presented here are almost exclusively based on the numerous
collections of the LRSAE and the Museum of Zoology In Lausanne From 1991 until
1999, more than 850 samphngs, rearmg of larvae and light traps, were performed,
covenng the mam geograplucal areas (Fig I)

RESULTS

Our mvestigations led to the discovery of at least 200 species belonging to more
than 40 genera (Tab I) Among the 28 actually recognised families worldwide, 11 are
present m Madagascar

Leptophlebudae

Tlus world-wide family IS the most diversified on Madagascar Unfortunately, this
IS the one, at the moment, for which detailed data are still rmssmg (work m progress by
Prof W L Peters, Tallahassee, and Dr J -M Elouard, Montpelher) Anyway, It appears
that all genera are endemic and present defimte transantarctic relationships Based on
Pescador and Peters (1980) and Peters (comm pers), the South Amenca - Australia ­
New Zealand Hapstphlebta / Atalophlebta, Penaphlebta, and Mertdialarts /
Atalophlebtotdes lmeages occur on Madagascar Further, on the baSIS of on Towns and
Peters (1996), the New Zealand Tepakta - Isothraulus lineage IS also present

Baettdae

This cosmopolite family IS highly diversified With almost 20 genera, roughly half
of those actually known (excluding the Leptophlebndae) At least SIX of them are
endemic Most of the genera present on Madagascar are also found exclusively on
contmental Africa The case of Cloeodes, a pantropical genus (FIg 2) IS rather rare
among mayflies (Waltz & McCafferty 1994, Lugo-Ortiz et al 1999) The recent
discovery of a SIngle population of the genus Afrobaetodes was rather surpnsmg
(Gattolhat & Sarton 1999) but confirm the strong relationships between Afncan and
Malagasy Baetidae

Heptagenudae

Tlus Widely distributed family IS less diversified than In other parts of the World
(North Amenca, ASia, Europe) With 3 genera known also from Africa and ASia
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Thalerosphyrus IS widespread m Southeast ASia, whereas ItS presence m contmental
Africa (Soldan 1977) or even m the Near East (Jensen 1972) needs further
investigations

Oltgoneurudae

The related family Oligoneurndae IS represented by two genera Elassoneuna IS
Widespread m Afnca, as m Madagascar, and IS represented by two subgenera Another
undescnbed genus seems to have a very restncted distribution, and has been found only
m the Mangoro River

Polymuarcytdae

The smgle endemic genus Probosctdoplocta IS present m Madagascar It includes
among the largest species ofmayflies of the world (Elouard & Sarton 1997)

Ephemendae

One genus belongs to this family, Eatonica Common m Afnca where It colomses
large nvers (Fig 3) Tills genus has on Madagascar a distribution restricted to the
highlands brooks (Elouard et al 1998)

Palingenudae

A smgle endemic genus occurs on Madagascar, the flightless Chetrogenesta This
IS the only case of brachyptery ever found m mayflies, and the consequences of this
umque phenomenon have been recently published (Ruffieux et al 1998) Tills family IS
the only one that IS not present m continental Africa (Fig 4), but possesses
representatives throughout ASia and Europe

Ephemerelltdae

This IS the rarest family m Madagascar, With species restncted to the coldest
watercourses m mountain areas The same situation happens with representatives of the
order Plecoptera The two known genera, Manohyphella and an undescnbed new genus,
are endemic and closely related to the ancient ASiatic Teloganella hneage

Tncorythtdae

The study of this family brought a lot of surpnses Previously, four genera were
known, mamly m Africa, Southeast ASia and South Amenca Three additional new
endermcs Madecassorythus, Sptntrythus and Ranorythus were Identified on Madagascar,
and represent the most plesiotypic forms of the family (Elouard & Ohannony 1997,
Ohannony & Elouard 1998a, b) Trtcorythus IS present m Africa and Southeast ASia

Caentdae

Tills family IS represented by three genera Besides the cosmopohte Caenis, the
two others are endenuc and also rather plesiotypic, Madecocercus and an undescnbed
new genus appear to belong to the old brachycercme rather than to the caemne lineage
(Malzacher 1995, M Sarton & J -M Elouard, unpubl results)

Prosoptstomattdae

Tills monogenenc family IS one of the most evolved Prosoptstoma has a broad
distnbution m the world, and as for other genera, ItS expansion seems to have been
made possible through the dnftmg of the Indian plate (Fig 5) With subsequent
colonisation of southeast ASia and northern Australia

None of these famihes IS endemic to Madagascar The Pahngenndae IS the only
one present m Madagascar but rmssmg m Africa A stnking feature IS that
representatives of the superfarmly Siphlonuroidea are lackmg m Africa and Madagascar
though some southern Hemisphere famihes are known as transantarctic elements, such
as Ameletopsidae, Nesameletidae or Omsigastndae (Kluge et al 1995)



310 M SARTORI,J-L GATTOLLIAT,R OLIARlNOYY&J-M ELOUARD

Among more than 40 genera actually known m Madagascar, half of them are
endermc As seen previously, the proportion of endemism greatly fluctuates between
famihes

DISCUSSION

There IS a consensus now among scienusts concernmg the geological events that
happened for the Malagasy plate FIrst, the separation from Afnca about 140 M Y BP,
then a subsequent breakoff from Antarctica-Australia 110 M Y BP, and finally the
separation from India 80 M Y BP, leadmg to the colhdmg of the Dekkan plate with ASia
50 M Y BP (Frohhch 1996)

Mayflies are the most pnmitive hvmg winged insects Their on gm goes back to
the Carbomferous Moreover, they exhibit a low vagilrty and the larvae are stnctly
associated WIth freshwaters, mainly runmng waters These two features discnmmate
them from Odonata for mstance, another old group of flying insects, that has good
dispersal abilities and colomses mainly standing waters, and exhibits a lower proportion
of endemism

The hypothesis that mayflies colomsed landmasses such as Madagascar after the
breakoff of Gondwana IS unlikely As a result of the actual presence of highly evolved
genera m Madagascar, such as Prosoptstoma, we can state that most of the actual
mayfly hneages were already present before the Gondwana breakoff A similar situation
seems to happen WIth pnrmtrve flightless insects and other SOli arthropods (Betsch &
Cassagnau 1996)

The similanty between the Afncan and Malagasy mayfly faunas IS evident
Onental and Oceaman components are less prevailing As stated by Pauhan (1996), tills
situation seems m contradiction with the here above mentioned geomorphologic events
Tills IS the case m different lmeages such as the ephemend Eatontca, the oligoneurud
Elassoneurta or the great majority of the baend genera Noteworthy IS the fact that these
taxa are found nowhere else m the world

The ancient connection of Madagascar wrth Australia, New Zealand and South
Amenca IS attested by the actual presence of leptophlebud lineages such as the
Atalophlebtoides The recent discovery of an Atalophlebtotdes precursor dated about
130 M y BP m Lebanon (McCafferty 1997) suggest that tills lineage was also present m
Afnca, but later went extinct on that continent Whereas mayfly faunas of Australia,
New Zealand and temperate South Amenca are similar (Peters & Campbell 1991), only
two genera are m common to Madagascar and South Amenca, the pantropical Cloeodes
and the cosmopohte Caems No Siphlonuroidea, one of the early radiation of the order,
are present m Madagascar, nor m Afnca, Sn Lanka, and south India, whereas
transantarctic lmeages have spread through Australia, New Zealand and southern South
America We agree WIth Edmunds (1972) suggesting that they become extmct, havmg
no cool refuge for survival

The actual distribution of the Palmgenndae mdicates that this family arose when
Madagascar and India were still together, leadmg to an Important radiation through ASia
after the Dekkan plate colhded WIth ASia The fact that the Malagasy genus
Chetrogenesta IS the SIster-group of all other palmgennd mayfhes gives strong support
to tills hypothesis In that sense, we do not agree WIth Edmunds (1975) suggesting that
this dispersal dates back to the Pangea with extinction m Afnca Due to the peculiar
habitat of the larvae (Slit burrowers) we do not believe that extmction was the dnvmg
force m Afnca (and also South Amenca), where tills kmd of biotope IS abundant, and
where these msects had probably no competitors
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Edmunds (1979) pomted out the significance of dnftmg India to the Onental fauna
and the subsequent spread to other parts of Eurasia Many examples are known now
mvolvmg different lmeages (Prosopistomatidae, Tncorytludae, and Heptagenndae for
mstance)

The long isolation of Madagascar led to the exclusively endemic species found
nowadays The lack of diversrty ill other hneages, such as carmvorous Plecoptera and
fishes, allow quiet rapid speciation processes, as it has been shown with the flightless
genus Chetrogenesta (Ruffieux et al 1998) These factors also mduced Important shifts
m feedmg behaviour, leadmg to the unusual presence of at least three canuvorous baetid
genera m Madagascar, whereas only five others are known from other areas of the world
(Gattolhat & Sarton m press b)

Fmally, if our startmg hypothesis 1S correct, 1e the actual distnbunon of mayflies
reflects the situation pnor to the Gondwana breakoff, we can only be much surpnsed by
the strong relationships still existing between elements that were separated more than
120 M y BP Th1S 1S the case for mstance within baetid genera such as Afroptilum,
Afrobaetodes or Dabulamanzia

Concemmg the endernic genera, we are m need of phylogenetic analyses No
doubt that they will bnng shed mterestmg hght on this so pecuhar mayfly fauna
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Table I LIst of the farmhes and genera actually recorded on Madagascar

FAMILIES& Genera I

LEPTOPIILEBIIDAE q

Nesophlebm Peters & Edmunds, 1964
Petersophlebta Demoulm 1973
Polythelats Demoulm, 1973

BAETIDAE

Afrobaetodes Dernouhn 1970
Afroptikndes GIlhes, 1990
Afropttlum Gilhes, 1990
Bugilltesia Lugo Ortiz& McCafferty 1998
Cheleocloeon wu.n«, 1993
Cloeodes Traver, 1938
Cloeon Leach 1815
Dabulamanzta Lugo Ortiz & McCafferty, 1996
Dicentropulum WUlIlot& Gllhes, 1994
Edmulmeatus Lugo Ortiz & McCafferty 1997
Gulopulotdes Gattolhat & Sarton m press
Herbrossus McCafferty & Lugo Ortiz 1998
LabtobaetisNovikova & Kluge 1987
Muteloe/oeonGilhes & Elouard 1990
Nesopulotdes Demoulm 1973
Pseudopannota Waltz & McCafferty 1987
Xyrodromeus Lugo Ortiz & McCafferty, 1997
Gen nov 1
Gen nov 2

HEPTAGENIIDAE

Afronurus Lestage 1924
Compsoneuria Eaton 188I
Thalerosphyrus Eaton 1881

OLIGONEURlIDAE
Elassoneurta Eaton 1881
Gen nov

EPHEMERIDAE

EatomcaNavas 1913
POLYMITARCYIDAE

Probosctdoploaa Demouhn 1966
P ALINGENIIDAE

Chetrogenesia Dernoulm 1952
EPHEMERELLIDAE

Manohyphe//a Alien 1973
Gen nov

TRIcORYTHIDAE

Madecassorythus Elouard & Ohannony 1997
Ranorythus Oharmony & Elouard 1998
Spmlrythus Olrarmony & Elouard, 1998
Tncorythus Eaton 1868

CAENlDAE

Caenis Stephens 1835
Madecocercus Malzacher 1995
Gen nov

PROSOPISTOMATIDAE

Prosoptstoma Latrerlle 1833

DtstnbutronL

C
M
M
M
C
Af
Af
Af
Af
Af
SA, NA, Af, As
Af, Eu,As Aus
Af
Af
M
M
M
Af Eu NA
Af
M
Af
Af
M
M
C except Aus
Af, As
Af As
Af As
C
Af
M
C except Aus
Af
C except Aus
M
As Eu
M
C
M
M
Af As SA
M
M
M
Af As
C
C
M
M
Af As, Aus, Eu
Af, As Aus Eu

References j

Dernouhn, 1973
Dernoulm 1973
Dernouhn, 1973

Gattolhat & Sarton, 1999b
Gattolltat unpubl results
Gattolhat et al 1999
Gattolhat, unpub1 results
Lugo Ortiz & McCafferty 1997c
Lugo Ortiz et al , 1999
Gattolliat unpubl results
Gattolhat & Sarton m press c
Lugo Ortiz & McCafferty 1998
Lugo Ortrz & McCafferty 1997a
Gattolhat & Sarton m press a
Gattolliat & Sarton 1998
Lugo-Ortiz & McCafferty, 1997d
Lugo Oruz & McCafferty, 1997c
Gattolhat & Sarton, 1999a
Demouhn 1973
Lugo Orttz& McCafferty 1997b
Gattolhat, unpubl results
Gattolhat, unpubl results

Sarton & Elouard, 1996
Sarton, unpubl results
Sarton & Elouard 1996

Elouard unpubl results
Elouard unpub1 results

Elouard et al 1998

Elouard & Sarton 1997

Sartori & Elouard, 1999

Elouard unpubl results
Elouard unpubl results

Elouard & Ohannony 1997
Oharmony & Elouard, 1998a
Oharmony & Elouard, 1998b
Ohannony et al 1998

Malzacher 1995
Malzacher 1995
Sarton unpubl results

Elouard unpubl results
I Endemic genera are m bold
2 Following abbreviations are used M endemic to Madagascar, Af Africa As ASia Aus Australia, C
Cosmopohte Eu Europe NA North America SA South Amenca
3 Only for the genera account
4 But see text for further comments
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FI~} Map o!the sampling stations In Madagascar
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Fig 2 Distnbution of the pantroprcal baetid genus Cloeodes Traver Actual records are In

black, potential distnbunon In grey
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Fig 3 Distribution ofthe Ethiopian ephemerend genus Eatomca Navas

Fig 4 Distnbunon ofthe family Pahngenndae
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Fig 5 Distribution of the family Prosopistomatidae
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