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ABSTRACT.- Frogs currently attributed to the ranid genus Tomoprerna are known from sub-ssharan
Africa, southern Asia and Madagascar. Molecular studies of mitochondrial 128 rRNA and 168 tRNA.
gene sequences indicate that each of these geographic clusters are more closely related to other locaily
occurring anurait taxa than they are to each other. The Malagasy T labrose (hitherto subgenus
Laliostoma) belongs to a monophyletic group including Aglyptodactyius, Boophis, and the mantellines;
the southern Asian species (hitherto subgenus Sphaerotheca) appear to be related to ranids of the genus
Limnonectes (subgenus Feyervarya), and most surprisingly, the African species clustered with
cacosternine ranids. These results suggest that the Asian Sphaerotheca and the Malagasy Laliosioma
should be raised to generic rank. As a consequence, the distribution pattern of Temopterna are not
informative regarding continental drift and biogeographic Madagascar-India relationships. Phylogenetic
data on Malagasy anurans indicate that old evolutionary lineages and relict forms (e. g., Laliostoma,
Aglyptodactylus, Scaphiophryne) breed mainly in lentic waterbodies, and often occur in savannah
habitats. In Boophis and mantellines, evidence exists that the most basal groups are rather generalized
pond breeders, whereas the speciose groups of forest brook breeders may be monophyletic groups partly
of more recent origin. If corroborated by further evidence, this trend would indicate an originally
relatively dry and open habitat type in Madagascar at the time of differentiation of the main lineages of
Malagasy anurans, which may have taken place in the fate Mesozoic or early Cenozoic.

KEY-WORDS.- Anura, Ranidae, Raninae, Cacosterninae, Maniellinae, Rhacophorinae, Laliostoma,
Sphaerotheca, Tomopterna, Molecular phylogeny, Madagascar, India, South Africa, Continental drift,
Reproductive modes

RESUME.- Les amphibiens rattachés au genre Tomoprerna sont connus de I’ Afrique au dessous du Sahara,
du sud de I’ Asie et de Madagascar. Des études moléculaires & partir des séquences des génes 128 rARN et
165 rARN montrent que chacun de ces groupes géographiques d’espécees est plus affine avec d’autres
anoures de la méme région qu'avec des groupes d’espéces d’autres régions. L’espéce malgache 7. labrosa
(cf. sous-gente Laliostornd) appartient a un groupe monophylétique comprenant, Aghprodaciyius,
Boophis et les Mantellinae. Les espdces du sud de TAsie (cf. sous-genre Sphaerotheca) semiblent
assocides au genre Limnonectes (sous-genre Feyervarya), et, plus surprenant encore les espéces africaines
sont associées aux Cacosterninae. Ces résultats suggdrent que Sphaerotheca et Laliostoma devraient éire
élevés au rang de genre. En conséquence, le modéle de distribution des Tomopterna ne nous apprend rien
sur la dérive des continents ou sur Ies relations biogéographiques entre Madagascar et I'Inde. Les données
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montrent gue les lignées anciennes ou les formes
relictueties (e.g., Laliostoma, Aglypiodactylus, Scaphiophryne) se reproduisent dans des cours d’eau lents,
et souvent se trouvent dans des milieux savanicoles. De toute évidence, chez Boophis et les Mantellinae,
les groupes le plus primitifs semblent généralistes pour la reproduction, tandis que les groupes forestiers
correspondent a4 des lignées monophylétiques plus récentes. Si ce modéle se confirmait, il indiquerais
qu*un habitat original de type ouvert et sec a pu exister 2 Madagascar au moment de la différentiation des
grandes Yignées d’amphibien malgaches, qui a eu licu entro la fin du Mésozoique et le début du

Cénozoique.

phylogénétiques sur les amphibiens malgaches

Mantellinae, Rhacophorinae, Laliostoma,

MOTs-CLES.- Anura, Ranidae, Raninae, Cacosternisae,
Inde, Afrique du Sud, Dérive

Sphaerotheca, Tomoplernd, phylogénie moléculaire, Madagascar,
continentale, Modéles de reproduction

INTRODUCTION

The genus Tomopterna currently contains 15 stout, medium-sized frog species
(see Glaw et al. 1998b; Schleich & Anders 1998) which mainly jnhabit arid regions of
sub-saharan Africa, southern Asia, and Madagascar. Tomopterna species are burrowing
frogs, similar in general appearance io several other xerophilic anurans, such as
Pelobates, Scaphiopus and Spea (Pelobatidae), Notaden (Myobatrachidae), and
Pyxicephalus (Ranidac).

Tomopterna is considered to belong to the family Ranidae, an amphibian group
with controversial and chaotic systematics (Duellman & Trueb 1986). Subfamilial
classification of ranids differs largely between authors (e. g. Clarke 1981; Duellman &
Trueb 1986; Dubois 1992; Blommers-Schlsser 1993; Glaw et al. 1998a). Tomopierna
is part of the subfamily Raninae according to Blommers-Schlosser (1993) and Glaw et
al. (1998a), whereas Dubois (1992) placed the genus within its own subfamily
Tomopterninae,

Despite detection of intrageneric osteological differences (Clarke 1981), different
opinions on subfamilial placement, and an unusual disiribution pattern, recent authors
generally have not questioned the monophyletic origin of the genus.

In the last several years molecular and morphological evidence has accumulated to
show that the current classification of Tomopterna is in need of revision (Glaw et al.
1998a; Richards & Moore 1998; Scott & Channing, pers. comin.; Dubois, pers. comm.).
In the present paper, we present molecular data showing that the three geographic
lincages cutrently included in Tomopterna are not monophyletic, and are therefore
wrongly classified in a single genus. We also review some relevant morphological
characters in these lineages and their assumed relatives, and discuss the ecological
biogeography of Malagasy anurans in the light of the new classification. In the following
accounts, the name Tomopterna will only be used in a strict sense referring to the
African species. When referring to genus Tomopterna as hitherto understood, we will
use the name Tomopterna sensu lato (s.1.) or will write « Tomoplerna» (in quotation

marks).

MATERIALS AND METHODS

For molecular analyses, DNA was extracied from tissue samples (hindlimb

esh or preserved in 96% pure ethanol; or toes cut off from specimens in

muscle, either fr
the ficld which were subsequently released). We used the primers 168ar-L and 168br-H
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(Palumbi et al. 1991) to ampli i i
5 plify a section of the mitochondrial 16S i
%}féli-l ??Ocl I‘[11(1;1:1 g;}gelrSSlQ'SA—L and 128B-H (Palumbi er al. 1991) to arfiplililg‘;sa(l) IsrzziltioRNA%
the mitochoncrl ribosomal RNA gene. The obtained sequences (lengths referi'lio
ot ared socnes g g comprie 501y 10) 201 by 129
ologe : - and 2554-2
fg:;gnn:;toschondnal genome (Roe er al. 1985)). They werglgngiggdoime X;ZOPM
version 4 El gg}ffof 1998). We calculated maximum parsimony (MP) treessmg'th o
e i 8(5: %r;lrclz:g;, %139;161\%11:1510r-j0ining (I\il,l) trees based on the Juk:;l-C;;r?tgi
: 8 X gaps treated as missi
i‘gpgﬁ?tqies (Fq%ls]enstem 1985) were run in all analyses folléf:rﬁg I(-iiitg. ei0?1099bzoo%tmp
an% }%fs with a bootstrap support of 70% and higher were considetged in t o
probgbi}lritoygg?ec%fr g;}iclusions, .aclc):ordlng to Hillis & Bull (1993) who founa(i( Orf %I;l‘}/c
| opology in branch ;
senegalensis (Hyperoliidae) %vyas use?in:s gitsgligﬁgl.md by such bootstrap valucs. Kassina

Details of primers, cycling protocols and method
; X ) olo f i i
stréczf‘;t I\f;t{ll.ls(gn.prltilss)_. Vouc'he}' specimens are listed in Tg)i;!g I.aré?)lﬁziiicirleagrlgen s
used ate: Mus m]riS gt}llona.! dTistoire Naturelle, Paris (MNHN); National Museul.tlnymi'
Natural | sins?‘;ut mltdsoma.n Institution, Washington, D.C. (USNM); Zoologi h0
Forschur %\m stle rdamurtZMI\gu_seum Alexander Koenig, Bonn (ZFMK,)' Zoé%ésci:sgﬁ
S e 2 % ZZoological Survey of India, Kolkata (ZSI)" Zoolog%sche
Saassammlung, Minchen (ZSM); and TZ (field numbers of Thomas Ziegler:
Specimens fo be d posited in ZFMK). Sequences have been submitted to GenBankg .
Table I for ales(s;gg f?umbers). Osteological comparisons are based on specimens li(ieg
in Glaw ef (ZM 1958 g()) and on Tomopterna natalensis (ZFMK 68815); Tomo IS ,
(Sphaerotheca) brevice;))fs C‘(cécgﬁer;;ag; 11)907eg;‘geri g"ZFMK ey c:TomOp};e,f;Zg
gﬁ\/lA 6769), Limnonectes limnocharis (17 %26, ZEMEK fgg?sﬁ) IgLalmmma) o
noles is set out according to Dubois (1995). | - Reratodont formula of

RESULTS AND HSCUSSION

MOLECULAR PHYLOGENY OF TOMOPTERNA SENSU LATO

Neighbor-joining analysis of the 550 b i

' ¢ ] ase pairs of the
g;tgéa? fﬁg Ir\lf?;l ?gg?)l? Ztclzlg included species of Tomopterna S.S?flgzn'; ﬁoh?)iﬁ%ﬁ Iglslll}le
, rosa was grouped with Mantella, Manri js and
ﬁg%zﬁ?cxglus (supported by a bootstrap value of 69%); tﬁezdzggiuséﬁgiphzs anél
dobsont nl;z rg;g;g?g ma;hszmfnonecijs limnocharis (65%) and the African nafﬁinﬁ%
; , @ ctf. fandyi were grouped wi i
gﬁf:;itgg;m (96%). Similar results were achjevedgin tII;1es an‘gltthhe éﬁﬁ)ﬁ;ﬂp{gy{w all;d
parsimony (MP) approach, but the bootstrap supports were slig%tly?o};ifeei Y

128 sequences were available for a |

e ower numb i

in'i?lllysf f!elnfodrced the 168 ;iata (results not shown). The ?\r/[aﬁgt:s}.;a lzg?c?slg \Iv)’ ot thelr

it debptodscpins 7240 wd Maniia st Vit 75, 6 A
; ; ere grouped with Zi ; b

African cf. tandyi was grouped withpCacosrermii:zn(glgi/cc‘S‘.gs Hmnocharis (86%), and the

A combined analysis of both data sets resulted in an increase of the bootstrap

values (Fig, 2). Th 1
o Fig, 2), The polyphyly of Tomoprerna was supported by high values of 97%,
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Additionally, we attempted to amplify and analyse sequences of the mitochondrial
cytochrome b gene. i did not result in successful amplification n
several of the taxa, only a limited data set was finally available. The preliminary analysis
of 280 bp failed to resolve significantly the relationships between most of the included
clades, but did not contradict the 128 and 16S topology: the Afican cf. randyi and
marmorata were sister taxa supported by 90% and did not cluster with the Malagasy
labrosa; 0o SequUeNces of Asian Tomopterna s. 1, gpecies were obtained {Vences, Kosuch

& Veith, unpublished).

CLASSIFICATION
The molecular data strongly support the polyphyletic nature of Tomopterna s. 1.
On the other hand, both morphological (Glaw et al. 1998a) and the molecular data
presented in this paper support monophyly of the three geographic clusters currently
included in the genus, which correspond to the subgenera Tomopternd { Africa),
Sphaerotheca {Asia), and Laliostoma (Madagascat ). We therefore propose 0 raise these
three taxa to generic rank. The new classificat
Tomopterna s. 1. (Glaw ef al. 1998b) is therefore as follows:
(1) Genus Tomopterna Puméril & Bibron, 1841
Type species: Pyxicephalus delalandii Tschudi, 1838
Included species: Tomopterna cryp
(Tschudi, 1838); Tomopiernd krugerensis Passmore

marmorata (Peters, 1854); Tomapternd na
Channing & Bogart, 1996; Tomopternd (uberculosa (Boulenger, 1882).

Known at least from An:

Cameroon, Eritrea, Ethiopia, Kenya. Mal: ;
Senegal, Somatia, South Africa, Sudan, Tanzania, Uganda, Zambia,
Radel 1996).
(2) Genus Sphaerotheca Giinther, 1859
Type species: Sphaerotheca strigata Gunther, 1859

Included species: Sphaerotheca previceps (Schneider,
dobsonii (Boulenget, 1882); Sphaerotheca leucorhynchus (Rao,
maskeyl (Schleich & Anders, 1998)% Sphaerotheca rolandae  (Dubois,
Sphaerotheca strachani (Murtay,

A further species from Goa, we
(pers. comm.). Tomopterna_rufescens
Limmonectes by Dubois (1987).
Distributed in South Asia. Known from Bangladesh, India, Myanmar,
Pakistan, Sri Lanka.
(3) Genus Laliostoma Glaw, Venees & Bihme, 1998
s: Tomopterna labrosa Cope, 1868
Laliostoma labrosum (Cope, 1868)

stern India, is about 10 be descri
(Jerdon, 1853) was trams

Type specie
Tncluded species:
Distributed in Madagascar.

on of the currently known species of

1907); Tomopternd delalandii
& Carruthers, 1975; Tomopternd
talensis (Smith, 1849); Tomopterna tondyi

gola, Botswana,

Distributed n sub-saharan Afvica. :
awi, Mozambique, Namibia, Niger, Nigeria,
Zimbabwe (see

1799); Sphaerothecd

1937); Sphaerotheca
1983);

1884); Sphaerotheca swani (Myers & Leviton, 1936).
bed by A. K. Sarkar

ferred to the gemus

Nepal,
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OTHER CHARACTERS

Molecular data su,
t phylo : sye
of Sphaeroth ggest phylogenetic affinities of T
additional sup‘;f(?rttt(")m-ﬁlhn;:: ne?e:g’ and of LaliostomaoT:pjgg,artS dthe cacosternines,
these groups. refationships, we reviewed a numbef of ;g?lgﬁér;? find
ers in

Tadpoles. - Accordi .
Tomopierna is 1: ing 1o the drawings of Wager
(P31, The tadnoles of nsomsomsioes sCo o ntertupted o Tomer oot oo
a similar arrangement of ke costernines (Cacosternum and Mi o 100t Tow
: todonts (1:1+ . icrobatrachella) h
to Glaw & Vences (1994 r? ; (1:1+1/3 to 1:3+3/1+1:2; Wa a) have
AW & YT \ 4 1965). Accordi
which is similar fo th) aliostoma labrosum has a keratodontg ?_r ceording
1'646/1412:  Blommers-S of Aglyptodactylus mada ont formula of 1:5+5/3
N i -Schlfsse 1979: ISASCariensis (1:5+5/1+ . ?
Kirtisinghe (1957), § TS r 1979; Glaw & V 1.2 to
: 7), Sphaerotheca brevi ences 1994), Accordi
gap in the marginal papill viceps has a formula of 1:1+1/3 raimg o
Fmnocharis and othlfa pillae. The same buccal morphology i and a broad upper
South Asi rphology is found in Li
Arrangement of mar o h Asian members of thi L n Limnonectes
- ginal papitl T 15 genus (Kirt
upper gap in the row of pa}?ilge,ae is similar in the taxa consideredf all ilszir\;;gr]:ge albgrf)?(i

Breeding biolo ;
; ay. - As far as kn
are_generalized known, Tomopterna, Lali
islhallow, often te?gggr;’r;e;‘iffs ‘}hxch lay a rather large gf;r?lségfgfaggl g'ﬁhaerotheca
abitats (pers. obs.). Cac 5. Limnonectes limnocharis | eggs into
. 0bs.). ternines partl d s lays large clutches i ;
and Arthroleptel costernines partly show derived breedi s in lentic
clumps attacl{écf tfsﬁ:%?%r%ézg t‘}eVel(%pmem. Cacostzi;%;g f:;sdei?é Aenghydr_ophryng
. ation of relatively shallow wat gs in small
ers (Wager 1965).

Chromosomes, - All t ;
tetraploid : axa considered have a k _
numgerlis m&g ’Zglt andyi which has dn = %z?ﬁ‘?’gﬁi 2n ; 26, except for the
Prakash 1998), ommers-Schlésser 1978; King 1990; cﬁgﬁ : gga& lgoggtc?gg%e

Ilium. - According t
derived sha g to Clarke (1981), African 7o .
x_S',tJJ"u.remz‘hecrc:!‘.e V?fz ltlgzec’:)(;resr?lu;g’g{ll tp Ié)‘Ce_ssf;s Whichmizpifiz}ii?ngeilf hja;a;rqtel;lzed by a
in our material; the states identifi ¢ to distinguish the states observed b CIOS oma and
struetures (Clarke per entified by Glaw et al. (1998a) prob, y Clarke (1981)
and Malagasy ranicIle. s. comm. 1998). Thus, ilium shape rergléji;)s g)g?rsetfféigzl glliflif;ergnt
sian

Tarsals. - Laliostom

only two free di a and dglyptodactylus ar i

oy v il s st o 5 o s ko
diStal tarsa]s iS f()]_]_nd . - Qsser 3). "1"1.1e plesc " J _ICa or many
h s in Tomopter iomorphic condition, thr

in Cacosternum and Ar pierna and Sphaerotheca (G , fhree free

; . throl. (Glaw et al. 199
Limnonectes limnocharis (p]; ‘;;}gﬁi{? (Blommers-Schigsser 1993; pers. 82%)’;1)5 :;fclil :131?

Pectoral girdle. - Typi
girdle elements: the o vpical for cacosternines is the red ificati
or slightly ossiﬂede i%n;gitgrﬁalgzlﬂfaa(‘g the procoracoid 01;1\?5:(:11(;?-5‘;2:&;?: 2a(r)tf:1pe9t0ral
nor the other grou ommers-Schlfsser 1 ; ragmous
ps regarded he S + 1993). Neither T
moderately forked in Leli re show a similar reduction. T omopierna
1998a); broadl aliostoma, Aglyptodacty! on. The omosternum is
78a), y forked in Li : us, and Sphaerotheca (G

slightly forked in Zom muonectes limnocharis (p a (Claw ef al

orked opterna (Clarke 1081 ers. obs.), unforked
cacosternines in which this el - ; Glaw ef al. 1998a) or only

; em , apparently unf i

rudiment (pers. obs. in Caco Sferni;r;)l's largely reduced and only vis}i)ble asiartil?é(i?;%:lg

Digital subarticul ;
elements sho ar sesamoids. - According to Bl . "
uld be absent in ranids. We observgd, hO“?:\]JIenrergisStg:cl:?Sssee; (19%3)’ these
» amoids in one
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specimen of Tomopterna, in Sphaerotheca, and in L. limnocharis. We also saw
sesamoids in a single specimen of Cacosternum, although this seems to be an
exceptional state in cacosternines {(Scoft, pers. comm.). Obviously, a more
comprehensive survey of presence or ahsence of these structures among ranids is
necessary. We did not see sesamnoids in any of the studied specimens of Laliostoma or
Aglyptodactylus, nor in any of about 25 studied representatives Malagasy mantellines

and rhacophorines.

Nuptial pads. - Distinct black nuptial pads during the breeding period are typical
for Laliostoma and Aglyptodactylus (Glaw et al. 1998a). Only very faint pads are visible
in Tomopterna (pers. obs.). Pads are present but colourless in Cacosternum and
Arthroleptella hewitti (Scott, pets. comm). Distinet, grey velvety pads are visible in
breeding Limnonectes limnocharis (pers. obs.). Dark nuptial pads are not recognizable
in two Sphaerotheca breviceps (ZSM 270/1979/1 and 270/1979/2) although these
specimens have enlarged and partially dark vocal sacs, indicating that they were

breeding males (pers. obs.).

Relative finger length. - Typical for many ranids is a relatively short second finger
as compared with the first finger. This state is present in Laliostoma and
Aglyptodactylus and distinguishes both genera from Malagasy rhacophorines and
mantellines (Glaw ef al. 1998a). It is also present in Tomopterna and Sphaerotheca
(Glaw et al. 1998a), and in Limnonectes limnocharis (pers. obs.). Finger 1 is shorter
than finger 2 in cacosternines (pictures in Passmore & Carruthers 1995; pers. obs.}.

Except for the similar general appearance, there is no morphological character
state known to be unigue to species of Tomopterna, Laliostoma and Sphaerotheca.,
Morphology thus does not support a monophyletic group containing these three taxa
alone. It is difficult to polarize most of the informative characters regarded here.
However, in a purely phenetic comparison, the assumed relationships of Tomopterna 10
cacosternines are supported by gimilarities in tadpole morphology {aumber of
keratodont tows) and by lack of a distinetly forked omosternurm (although the reduction
of this element in cacosternines renders a homology assessment difficult). Relationships
of Laliostoma to Aglyptodactylus are supported by their reduced number of tarsals,
larger number of tadpole keratodont rows, presence of distinct black nuptial pads, and
fack of digital subarticular sesamoids. Relationships of Sphaerotheca to Limnonectes
limnocharis are supported by the reduced number of keratodont rows of their tadpoles.

AFFINITIES AND BIOGEQGRAPHY OF LALIOSTOMA, SPHAEROTHECA AND TOMOPTERNA

According to Glaw et al. (1998a), Laliostoma labrosum is similar in morphology,
osteology, and reproductive biology to the genus Aglyptodactylus. Geneticaily,
Laliostorma was Tound to be the sister group of Aglyptodactylus in the analysis of 128
data and in the combined analysis. Despite its rather large genetic differentiation to all
taxa included, we consider it as almost certain that Lafiostoma is closely related to
Aglyptodactylus; either, both taxa are sister groups, or their clades split off
paraphyletically from the lineage leading towards Boophis, Mantidactylus and Mantella.

The close relationship of Laliostoma and Aglyptodactylus (already detected by
Glaw ef al. 1998 based on morphological characters) contradict their inclusion in fwo
different families (Aglyptodactylus in the Rhacophoridae and Tomopterna in the
Ranidae) as was done by most ecarlier authors (e. g. Frost 1985; Duellman & Trueb
1986; Blommers-Schlosser & Blanc 1991). This was the reason (0 remove
Aglyptodactylus from the rhacophorines and to include it in the Ranidae (Glaw er al
1698). The molecular results of Richards & Moore (1998) and those presented in this
paper contradict this conclusion and favour the inclusion of Laliostoma and
Aglyptodactylus in the thacophorines. However, this classification would also be
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tentative, until a more robust classificati i i
fentative, cation of the ranid-rhacophorine-complex will be

The relationships of Sph i i

) yhaerotheca are enigmatic, especial

gﬁifll:(fi‘%ctoargl siite of knowledge on the phylogeny and systématﬁ:sct)f 1Xsigrllmraxziods ﬂI16

our clado .‘f%no;zec ;}; ‘1}:;1?.1 (%re(éuized k;&i;l}h Jéggmonegtes limnocharis. On the other hand .thfal

second , L. i, did not appear as sister gro ] ari

Erllgg%n%r }Clzlla];tl_ﬁ.lrttlﬁer generic rearrangements may be needec%.r chglt;ﬁhgng o}gﬁz}r@,
, L. i 1s the type species of Limnonectes whereas L. limnocharis is the ty(;)lts*,

species of the subgenus Feyervarya; . :
our results. o4 va; the latter appears to merit generic rank according to

Most surprising is the clustering of African Tomo i

) _ ferna with i i
11“;1; egeﬁnég?}llg a:)pl?ears to :L)le well supported by the hfgh bootstra;affo:l?:?llfféﬁigs.
e o angc;ir Ap:zj Ilvaiﬁi so observed in molecular studies of cacosternine phylo er?S
. (ot ri% (Scott, pers. comm.). Cacosternines are a group of s%naﬁ
B e o oout ern £ frica, w1‘§h a center of diversity and endemism in the C
subfamily byyBlo m?n . Beél Ir1&1.c':luded in the Petropedetinae, but were res:urrecteda}:zjle
subfamily by Blom Pffsr;c;n o;;e;ogrzﬁgz. zgt first impression, they appear to be rathei
distributional pattern; most species occurringligcéisutl:v‘l:fcr}iléahowever’ show @ similar

African Tomopterna were in the i .
_ past considered
Pyxicephalus (e.g. Wager 1965; Dubois 1981). Our resui?ss g)lﬁ?':r?grsthgfdggsiginﬁ

Clarke (1981) to i : i
Clark ( ) to exclude it from that genus; we did not detect close affinities between

Considering the enormous diversi i
; ] ¢ ersity of ranid frogs, we may not identi i
%grmigﬁﬁﬁ ’[I}tu? direct sister groups of Lafiostoma and, especi)aill; ggfeﬁ?ﬁﬁed Ig
Tomoptern és s certain, _howe\{er, that the j:hree genera are each mc),re closel reic? (‘;m
ges occurring in their geographic areas than they are to each ot){ler aTehe;O
. e

frogs (Fomopterng s. 1) clearly d i istributi
continental drift in the Indian gcea?: 2;) twiésgilay o by D herms, resulting from

ita : ggested by D
The splitting of Tomopterna s. 1. into three unr%lated geynergegﬁﬁgeftgéu Egrrgézf 6o)f

examples of extant vertebrat i i i
M o g e, ebrate groups showing biogeographic affinities between

RELICT AND BASAL AMPHIBIAN GROUPS TN MADAGASCAR

fom "ghfaﬁl]glosiilgozgdt classification proposed above transfer Laliostoma labrosum
i @ rather_speciose 181 a? monotypic genus. Laliostoma is genetically distinctl
Qifferertiated from of ¥ M agasy ranid lineages, and is largely restricted to the xc e
Malagaey et anc southern Madagascar. Only 15 of the 182 currently recogni rlg
saagasy amphi sg_em.es are knf_an exclusively or mainly from arid Westegmzed
e di%,esc‘ar.. Emlal: to Laliostoma, most of these belong to basal grou m a_nh
st ¢ Drsny._t ¢ microhylid genus Dyscophus (D. insularis in tl%; Wps wilt)
gntongilt and D, guineti in the east; Glaw & Vences 1994) which with?St’ :
Micr {P);r Jae, 922 }?rtllrlllltlve charactellrs such as an ossified omosternum and ma)?ilfthe
ot o 1934 I € h%enus Scaphiophryne (three species in the west and south tary
spedies in savannal dig %nd areas, and one species in the east; Glaw & Vences 1’9;:10
e s cons lc'lethto ¢ a possible "living fossil" by Wassersug (1984) du Y
poles; and the genus 4glyprodactylus (three species, two of them resﬁiitl(il 1T:tg

the west) which lacks several i
e, iich tacks 19981;1 Y of the apomorphies of Malagasy rhacophorines and
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All these groups are.characterized by a similar reproductive mode according to the
classification of Dueliman & Trueb (1986). As typical explosive breeders, they lay a
large number of small pigmented eggs into shallow, often temporary, water bodies. The
tadpoles are active feeders and generally complete metamorphosis within a few weeks
(Blommers-Schldsser & Blanc 1991; Glaw & Vences 1994; Vences ef al. 1999). This
reproductive mode is rare in Malagasy rain forest areas (generally occurring in less than
25% of the species; Glaw & Vences 1997), but clearly dominant in arid western
Madagascar. In Kirindy, it probably occurs in 11 of 12 anuran species (92%; Glaw &
Vences 1997). It is also a common mode among African savannah anurans (Radel
1996).

Species of the genera mentioned above which are distributed in humid castern
Madagascar (Aglyptodactylus madagascariensis; Scaphiophryne  marmorala, S.
madagascariensis, S. pustulosa; Dyscophus antongili, D. guineti) do not differ in
reproductive mode from their western relatives. Although the continuous rainfall in the
east would allow prolonged reproduction, at least Aglyptodactylus and Scaphiophryne
show an explosive breeding behaviour mostly restricted to the beginning of the rainy
Seasol.

A similar reproductive mode is also found in the two species of Boophis which are
known to occur in the arid regions of western Madagascar: B. xerophilus and the widely
distributed generalist B. fephraeomystax (Blommers-Schlésser & Blanc 1991, Glaw &
Vences 1997). Both species belong to the B, tephracomysiax group (Glaw & Vences
1997). According to our osteological observations, B. fephraeomystax is characterized
by two plesiomorphic characters: presence of the anterolateral hyoid process, and
presence of a (small) third free tarsal. All other Boophis so far examined lack the
anterolateral hyoid process (Glaw ef al. 1998a) and have two free tarsals (Blommers-
Schlasser 1993), possibly qualifying B. tephraeomystax as the most basal Boophis
species. The brook-breeding forest species included in the B. goudoti group, B.
microtympanum group, B. rappiodes group, B. luteus group and B. difficilis group
probably form a monophylum based on these two characters.

The endemic Malagasy subfamily Mantellinae (genera Mantella and
Mantidactylus) is characterized by derived reproductive modes; nearly all species have
rather large eggs which are deposited outside water (Glaw ef al, 1998a; Vences ef al.
1999). Due to their generalized tadpole and chromosome morphology, and their femoral
gland structure, species of the subgenera Blommersia and Guibemantis can be
considered the most basal of the mantellines. These groups differ from other
Mantidactylus in being largely pond and swamp breeders; the mainly brook-dwelling
groups (subgenera Brygoomantis, Chonomantis, Hylobatrachus, Mantidactylus,
Ochthomantis) probably form a monophyletic group (pers. obs.).

Among the anuran genera restricted to the eastern rainforests the reproductive
mode typical for western groups is rare. Only the monotypic Paradoxophyla (with
unclarified affinities to the Scaphiophryninae or Microhylinae, Blommers-Schidsser &
Blanc 1991, 1993) deposits a large number of small eggs in stagnant water (but does not

seem 1o be an explosive breeder), and can be considered as telict form endemic to the
east.

ECOLOGICAL BIOGEOGRAPHY OF MALAGASY ANURANS

Laliostoma, Aglyptodactylus, Dyscophus and Scaphiophryne appeat to be basal
amphibian groups adapted to arid regions. We assume that their phylogenetic origin was
in western Madagascar, and that only more recently species of Aglyptodactylus,
Dyscophus and Scaphiophryne colonized castern Madagascar. As these genera show a
low species diversity, they can be considered relicts (see Blommers-Schidsser & Blanc,
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1993: 391). The most basal species of Boop#i istri
108 : phis are also distributed i
?)f[ada:{gascar and exhibit a reproductive mode typical for arid envirorlmlllei?s llgxz‘éeit?m
aradoxophyla, there are no clear relict groups endemic to the eastern rainforests B

A similar situation can be found in the reptiles. Definiti i
) situation ¢ . i
eqh am speci;s diversity and which can notl:;:asily be deri\‘::drg:)crf grrlfzet;?)ig f;frgga
Ag;l:gnro hz‘iat ‘:,r ough the Mozambique Channel: boas (Sanzinia, one speciesg'
Acr odgcn a 0 sperilcs), «iguanas » (Chalarodon, one species; Oplurus, six species),
madg emine turtles (Erymnochelys, one species). Except Sanzinia and Acranto, his
gascariensis, which are also common in eastern rainforest, all thes are
largely restricted to arid western and southern Madagascar ’ ¢ pene A

These patterns indicate a xeric environment i

) ese licat t in Madagascar at i

igieg:r;t:eg;o? 3%f rtnh_?l.meun hnesg;s of Malagasy anurans. Madgagas?:raraseI:t}}}au‘?atct;:]énl?ro(r);c

. illion years before present (Storey 1995). According t

§18995%,1 ‘Madagascar was connected to the east to the Indian landmassgw}(iicsﬁosrgyai;tgé

ear}r;ucle(;l:) zyoeiirsh‘t/)lzfore presle_:nt and drifted northwards during the late Cretaceolils and
enozoic. Mesozoic climate was at least locally rather dry di

paleoclimatic hypotheses (e.g. Spicer er ol 1994), Th s Sbich oo
} (e-g. t al. . The trade d i

zisgrgﬁglg? tzg)é‘ Ilzldsdagzgcars }Eege?t humid climate probably did no‘flbnlosw ‘ggil'g?e gg

ian Ocean. Rainforest may thus have been t il

absent on Madagascar. After the emer i o mroups (manteliince,
. _ 1 I gence of rainforest, a few i

Boophis, cophyline microhylids) underwent lar diations i b e
; crohylids I tions into this new habi i

led to the enormous diversity in s ors and i s h

pecies numbers and reproduct d i
the Malagasy anurans tfoday. Wh i . e Shserved o
/- any 1y. ether their ancestors were alread
Madagascar since its separation from Africa, or arrived more recently gverr)rgsjrrllotzcﬁg

land bridges (with probably rath i i ibi
A 333 robal y rather dry and hostile environments for amphibians} can not
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. ifjcation according to
smens used for analysis. Familial and S“bfmmjclnjcl:isesr collected). ; . -
ble 1. List of specimen leased specimens (10 ; Aglyptadactylus madagascatiensis
Tt’; ors-Schldsser (1993). A star marks re G| 100
Blommers- T epBau ;
- e Orgin 168 128 Aglyptodactylus laticeps
Family (Subfamily AF124097
AF215445 !
ia, South Africa* - : o
Kassina sencgolensis St. Lucia, South Africa AFA100 g Mantelfa madagascanensis
Hyperoliidae ZFMK 62732 AF124131 86 70
Mantelia madagascariensis Vadans mmwl‘ Mantidactyius grandisonae
. ante 15
Ranidae (Mantcllinae} o g ZEMK 66669 AF2153 L
Mantidgetylus grandisonas bt 338 - lL 69 .
Rapidac (Mantellinach ZEMK 67197 AFII3 i "Termoptema” (Laliostormna) labrosa
Renomena, Madagaseat !
is of. sibilans AF2151793
. horinac) Boophis of. s o AF215330 % . B
Ranidae (R2coP™® . Andasibe, Madagasear ZFMK 641 | Boophis cf. sibilans
. Aglyptodactylus madagascaricnsss AF215329  AFAISIEN L
Ranidee (Rhacophorinae) ZEMK 66135 |
irindy, Madagasear : ;
inac) Aglyptodactylus laiiceps Kirindy, M AF124096] Anhydrophly ne ratfr. ayl
Raviidac (Racophorinas . - — - :
Bredell, South Africa {125)% |
. AF215414 i .
a0 (Casostominas) Cacastermn o™ aandap, Nennibia (165) ZEME 66727 Cacosternum boettgeri
e inae) Cacosternum bostigert " th Affi ZFMK 66448 arpastt i
. ferninae) ice, 5 ca
i 25 Anydeophryme ratiray! el oy ammsiy 67 96 Tomoptema cryplotis
Ranidas (Cacosteriniac) : s ZEMK 66698 AF215 -
Kirindy, Madagascas ' —{
iostoma ladrosum 521
Renidae (Renizac) Latlastoma USNM 520490 apzisar7  AR2IS2UL 100 Tomaopterna marmorata
) Sphaerotheca cf, breviceps DMyanmar ARG AR
idas (Raninae . : S A9074 L i
Ranidas . pataravekkam F5il India z 75 Tomopterna cf. tandyi
. Sphaerotheca doos AF215419  AF2152L T
idae (Raninae) . MK 66403 ;
R Khorixas, Nemibia = Tt f £ i
——y . 1 00[ omopterna cf. natalensis
. Y . AF21550 -
Ranidae (Rantaac) .
, South Africa®
] ) Tomopterna natalensis ftala Park, Seu . J— L TOmOptefna hatalensis
Ranidee (152 : Port St Johns, South Aftica ZFMK
¢f. noialensis . — B}
Ranidas (Reainee) Tomepier o AF2I507 Pyxicephalus adspersus
Mt Meru, Sout
. Tomoplerme marmoraie AF215506
idag (Ranina<) - - . . ]
Rasidas { Bredell, South AffGa' Limnanectes limnocharis
terma GrYpIotis 5505 - :
Ranidas (Raniee) fome i, South Adrica ZFMEK 66446 AR — o7 M ]
KwaMbonambi, So! " " . B - v—
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Ranidas (Razinac) MINHR 19973932 <
Laos E
0 i hard " [ is
Ranidae (Raninae) Lumnoneses (0T MINEHN 1997 3904 AF2I5415  AF213 Tomopterna” (Sphaerotheca) dabsonii
Laos
. Limmonectes kuhli . )
_ Kassina senegalensis
Limnonectes kuhli '
Fig. 1. Neighbor-joining tree based on 550 bp of mitochondrial 168 ribosomal RNA gene
sequences. Numbers are bootstrap values in percent (2000 replicates; values below 50%
not given; values over 70% bold). Kassina senegalensis was used as outgroup. Atrows
indicate nodes supporting non-monophyly of Tomopternas. 1.
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Mantella madagascariensis

a7

100

Mantidactylus grandisonae

Aglyptodactylus madagascariensis

Aglyptodactylus laticeps

Madagascar

"Tomopterna" {Laliostoma) labrosa

100
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f 100
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Fig. 2. Neighbor-joining tree based on a combined analysis (909 bp) of the 1285 and 168
sequences. Numbers are bootstrap values in percent (2000 replicates; values below 50%
not given; values over 70% bold). Kassing senegalensis was used as ouigroup., Arrows
indicate nodes supporting non-monophyly of Tomopternas. 1.






