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Recent phylogenetic daky, minly based on mutechondria® 1IN A aftalyses, indi-
cate that cvrrend classiflcation of nechatrachian anurans (sin need of revision, n the
|resent paper, we review the literature pertaming the molecular and merpholog-
ial phylogeny of Old World treetrogs. The molecular phyloernies indicate that,
among non-hyvperaliid Old World treelrogs, ome elade s formed by the endemic
geniera from Madagascar, snd g second one by the Asian and African genera, Batl
these lircages ar nested within the family Ranidae sensu Blommers-Schltsser
(1993}, bul their relationships to each other are ant usambigously resclvied. W
propese o consider the Asan-African hneage as family Rhacophenidae and the
Malagasy lincage as family Mantellidac. Together with the (paraphyletic family
Eanidae, these two farmulies form Lhe epilamily Ranoidae, Three epifamilies {Arth-
roleptoidac, Miccohyloidae, and Ranoidae) e the superfamily Ranoidea. Willin
the famity Mantellidae, three subfamilies are recomnized: Manlellinae (genera
Manielta and Maetilchilug), Booohinae new subfamaly {genus Broplis] and |alio-
slodmine new subfamily {genera Lailosfoms and Avlyptooactgliz), The o olassifi-
cation avcounts betier for the cvolutiorary mlationships of ranoid froes and fur-
Werinure allows for 2 classilication ol e involved Malagasy groups in agresment
with their phylogeny. A satslactory lassificaton of the whole group, however,
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1. Introduction

The phivlogenetic relationships of Old World treel rogs liave been subject of intensive debate dovng the
past decades. Tirst all dassified in a familv Polypedatidae (v, g, Ahl 1931, Noble 1931, as opposed 1o
the unrelated treefrog family Hylidoe with a largely Meolcopical distribution), Laurent (1951} noted
that one group, which he defined a5 [ lyperoliidae, was vsteologically very different from the rermaining
taxa (placed into the Rhacophoridae or Rhacophorinae). |he impariant differsnces between these wo
groups were emphasized lator in the phylogenctic approaches of Liem (1970), Drewes (1984) and
Channing (1989), However, Laurent (1951, 19863 also noted that, while hyperoliids share several



symplesiomorphics with some Afmean gerers formerlye considered as bazal representatives of the
Raridae (and todav seen as own famulies, Arthroleptidee ad Astyiostermdae; see Tlubos 1991),
rhacophormes shared svaapomorphies with more derived representatives of the extremely diverse and
spociose family Ranidae. Actually, rhacaphorids are vnly distinguished [rom other ramds by the
presence of an intercalary elemant between ultimate and [_u:mlltunale phialanges of (ingers and toes;
and by generally (but not consistently ) more arboceal habits. Based on the symapomorphics 1denfitied
{e.o,, presence of o beny Stemal style), Laorent (1986), Dubois (1992) and Blommers: Schlosser (1993
T-’“'i-"”ﬁ':'d to lnelude the Racophoridae as sublamily Hh.—:lCupl‘enrmdt‘ in the tamily Ranidac, However,
Fhes FII'I;}FIH'_-H_{[ ol Blomumers-Schilésser | 149493) (i. e lhe dofmiton of the rarnll}r Ranidac a= group contain-
ing atmostall ranuid taxe with @n ossified stermal stvle) i= all but generally accepled by horpetolugists,
Most authors continue cansidering the Rhacophondae a5 separate family (e.g., Frost 1985), a view also
shared by internel databases (as (he Amphibian Species of the Warld database Amphibtawel, Tree of
lile, Cenbamk; as of 11 November 2000). Furthermore, new names such as “fanged frogs” (Emerson &
Waed 1998, Fmerson of al, 2000a) and “bopphids” (Richards et al, 2000) have been wsed o address
ranimd subclades, without a nomenclatural formalizabfion of these groups,

In the last few vears, numertus new resalts on Old World treetrog phylogeny have been pllbli'ﬂu‘d
several of them referring to the taxa endemic by Madagascar. In the present paper, we will outiine the
main conclusions that can be drawn from a LD]TI.].‘ITEhL‘I'IEﬂ‘--f view of the new mesulls, and propose a
partly modified classification which better reflects the phvlogenetic relationships among ranoid frogs
than the previous schemes. We here focus on only 4 small subsel of This speciose group, namely the
non-hyperaliid Old World treetrogs (Rhacophorinae and Mantellinae sensu Blommers-Schltsser 19593),
Further cdlassaiticatory medifications will suceessively become nocessary with the accumulation of new
data on ranoid groups soch as the Hyperoliidase and the Microhylidae,

2, Summary of recently published malecular data on Old World trecfrogs

DI A sequences of rancid frogs have beer analyzed in the context ot higher-level phylogenies by Hillis
cl al (1993, Tledges & Maxson (1993), Hav et al, (1995), Ruvinsky & Maxson (1996), and Vences et al
(200020 Mare particnlar aspects were studied by Bossuyt & Milinkoviteh (2000), Emerson & Ward
(1997}, Emerson et al. (2000a,b), Teller & Iledges (1998), Marmavou et al. (200), Richards & Moo
{1995 |998), Ihr]mrdm_t al. (2000, and Vences et al. (2000b.c), The dissertation of Vences (TH99) contams
a mumber of crudal results which are partly published [(Vences el al. 2000ab.e) ¢ in progress of
publication (Vences et al. submitted ). Wilkinson & Drewes (2000) turthermore undertook o re-analysis
of nom-maolecular characters ot Old World treefrogs, Allogether, the new data allowed for the identi-
fication of a number of well-supported monophyletic goups, while other splils were much loss clearly
resolved (compare Fig, 1
1. Within the denved and munuphvluth_ L L of Lhe Neobatrachia (sensy Feller &1 ll_*r_:l,’el'i-_“i 1';'9%} N4 T
cladle containing exclusively groups with a firmisternal shoulder girdle is identified as monophylet-
w by all -:1'.’¢1|]rl|_ﬂl: malecular dala (Hillis ¢ al, 1993, Maxson et al. 1993, Hay et al, 1995, Ruvinsky
& Maxson 1996, Frmerson et al. Z000a, Yenees o al. 2000a). This clade includes the Ranidae wruh
Rhacophorinae and Mantellinge), Microhylidae, [emisotidae, Hyperoliidae, Arthroleptidae, and
Aslylostermidae. 11 daes nol include several other Neshatrachian groups which agparently evalved
a firmisternal or peeudofirnisternal shoulder girdle independently: some leptodactylids, “alelopa-
dine' bufomids, sooglossids and dendrobatids (Duellman & Truely 1986, Hay el al. 1995, Ruyinsky
& Maxson 1996, Gravbeal 1997, Vonces b al, 2000a),
Within the firmisternal clade as defined above, one basal radiation led to the differentiation of the
Families Microhvlidae, | lermsotidae, | lypercliidae, Arlhroleptidae, Aslylostermidae, and Ranldae
isensu Blommers-Schlbsser 1993). Relationships between all these famikes are not well resolved,
and some tespecially Microhyhidae and Hyperoliidas] may not be monophyletic (e.g. Emerson et
al. 2000 However, one group contaming all or most forms characterized I1r_|.: a bomy stvle of the
sternum (Ramdae sensa Blommers=Schlosser 19493, including Ehﬂf‘ﬂ]‘rlmr'll‘mf' and Mantellinee)
appeared as rather well supporied monephyletic group in Kmerson et al, (2000a) and Vences [ EUL),
3 A second lurge and probably explosive radiation led to the differentiafion of the more than 980
species in 34 penera (Glaw abal. 1998a) included in the Ranidae sensu Blommers-Schlbsser (29493)
Again, relationships between the dilferent clades of this radiation can not yet be anegquivocally
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resolved (Fmerson ot ol 20000, Vences et al. 20000). Hiswever, two treefrog clades are well defined

by molccular synapomorphies:

- A ¢clade endemic to the Madagascan ropion which is eumnposed of the genera Boophis (Rhaco-
phornae), Mottelle and Madtidactylis Mantellinae), Latiostona (formerly Tomepterne; Raminae)
and Agiyptedaetylus (Rhacophorinae, Mantellimace or Raninae) (Richards & Muoore 1995, Glaw ol
al. 19981, Richards et al, 2000, Bossayt & Milinkowvilch 2000, Vences et al, 2000b, Vences ot al.
submiitted ).

= A clade with represeatalives ln Africs and Asia which conlaing the genera cassified in the
Rhavophoringe excepl the Malagasy Bouphis (Richards & Moore 1998, Fmerson el al. 20004,
Richards et dl. 2000, Vences et al. submitted ),

3. Problems in lhe ¢lassification of Malagasy ranoids

The endemic, non-hyperaliid and non-microhylid ranoid (rogs endemic to the Madagascan region
have generally been classified in three sulifamilies or families (Frost 1985; Blommers- Sehlisser & Blanc
19915 Dueltman 1993). The phylogenelic fesults outlined above show that none of the discussed
classibications is tully satistactory.

= Laesgtorna fabrosim was included in the genus Tomeptenu and the subfamily Raunae or Tomo-
ptermimae until recently (Mubaois 1992, Glaw et al. 1993b), Molecular studies of Vences et al. (20000)
revoaled thal the three geograpiue groups of Tomopterns (Africa, Madagasear, souther Asia) are
not closely related (see also Bossuy! & Milinkovitch 2000), and shonld be included i different
penera — Lufiostonn bemg the monotypic Malagasy genus, Richards & Moore (1998) found thal
Mintidacylus, Mantelln, Booplts, Agluptodactylus and Lalfostoma tebrosam are 5 monophylelic clade
and suggested that the latter 15 a rhacophorid. Lafiosfome is the oniv endemic ranoid from Mada-
Eascar without an mterealary cloment.

~  Aglyptodacivins has mostly been considered as hr-a:-m_,u i3 to the Rhacophorinae (Blommers-Schliis-
ser 1983), Dut has sometimes also been included in the Mantellinge (Channing 1982), Glaw et al.
(1998b) tound that Aglyptedacivivs and Laliostoma labrosum are dosely related based on non-
mulecular characters allhough both were tradibonally cdassified in different subfamilies. To remave
this classificalory inconsistendy they transferred Agiyptedacivlus W the Raninae, Extended data sets
ol non-molecular charadters (Vences et al. in Enn;l;'u_] and molecular data (Vences et gl 200006 and
submitted ) contirm clase: relationships of Aplyptodactying and Latiostans,

= Thee gonera Mandella and Minrtatectidus form the subfamily Mantellinae (a third laxon, Lieesitomn-
He, is considered as one oul of 12 subgenera of Modelectyles; Glaw & Vences 18994, This clade i
well defined by ctholagical E‘-'r'ilﬂpunmrp’tllt*: (reduction of strong mating amplexus; epp deposition
putside of water), The Mantellinae were either included in the Rhacophoridac (€ hannicg 1989) or
Ranidae (Feast 1985, Blommers-Schlteser 1993, Glaw et al, 1998h), ar scen as own family Mantell-
llag (Bluommers-Schifsser & Blanc 1991, Dubeis 19929,

— 'Lhe genus Boaphis has genevally boen included in the thacophonnes which are either censidered

a5 sublamily Rhacophorimae of the Ranidae (e Blommers-Schitsser 1993) or as family Rhaco-
phoricdée (eg. Frost 1985),

4. A mew classificatory scheme of the superfamily Ranovidea

The dats summarized asbove clearly corroborate Duellman & Truely's (1986) statement that ranid
systematics are “m a state of chaos” and demonstrate the need of an update of the classificatory scheme,
I'he molecular data indicated the presence of multiple para- and pelyphyletic laxonomic units within
ranid fropgs (e Cmerson et al 2000a Vences et 2l 2000b). The main paal 1o be aclueved m oranid

systematics in tl'u near future is in aur opinion, a clagsification vold of polyphyletic taxa, and without
or with o lJ".- a small momlwr of |_|f1m1_1h-.,1|_n,_ taxa.

Several authors have followed a strategy 10 exclude small, well corroboraled monophyletic groups
trom lavee calch-all groups, as a first contribution o a partitien of these large groups into monophyletic
units (e, Drewes 1983). We here conaider the <ame ;q!]_lrum_h as psefu] for the case of the family
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Ramidae which is large and diverse encugh 1o be partitioned into several [amilies. | argely based on the
scheme of Dubo (1992), we propose:

— o consider the taxa joined 10 the Ranidae by Blommers-Schlisser (1493) as epilamitiy (sensu
Dubois 1593} Ranowdae,
ko join the families Arthroleptidae, Astylostermidae and Hyperaliidae in an epitammly Arthro-
leptoidan, and the families | lemisotidae and Microhylidae in an epitamily Microhyloidae. ‘The
monophvly of the Ranoidac appears rather well assessed, while the monophyly of the remain-
ing L E]j‘ifﬁ'l‘l'l'i]ir_'h 1= |._'|u|_—'-_-i.tiunij].1-§e al current state (but not contradicted h'_rr any relevant data
sctsl,

— to recopnize, within the Ranpidae a family Rhacophoridac beside the Ronidae. This family
Rhacophoridae contauns the Asian and African rhacophorine genera but not the Malagasy
Beuplye

~  to recopniee, within the Ranoidae and beside the Ranidae and the Rhacophoridae, a family
Mantellidae, which contains (he endemic Malasasy zenera Martella, Mantidactulus, Soophis,
Aplyplodactylis and Ladinstoma

—  to subdivide e Mantellidae into the fallowing three subfamilies which correspond Lo three
menophyletic geoups (Richards & Maore 1998, Bussuyt & Milinkoviteh 2000, Richards et al,
2000, Vences et al. 2000k,

1. Mantellinae Laurent, 1946

T'ype genus Martelle Boulenger, 1852,

Genera: Manteila Boulenger, 1832 and Mantwdichilns Boulenger, FR95.
Mistrbution: Madagascar and Mayotte Island.

Arbareal, seansorisl, terrestrial or semi-aquatic firmusternal frogs with a bony stermal style and an
intercalary element hetween ulbimate and penultimate phalanges ot fngers and toes. Almost all species
with three free farsal elements, although the thitd element may be very small in many species and
absenl in rare cases: Finger and toe pads with a complete dreumumarginal grocve, First fmger shorbes
or of similar length as second finger. Males without nuptial pads, and mostly with femoral glands.
Derived reproductive biclogy (abscnce of strong mating amplexes, ogp dipasition outside of waler).

2. Boophinae, new subfamily

Type genus Booplic Tschudi, 1838,

Genus: Hoopds Tschudi, 1838

Distribution: Madagascar and Mayotte laland,

Arboreal {some species partly terrestrial) firmisternal frogs with a hony stermal style and an intercalary
clement between ultimate and penultimate phalanges of fingers and toes. Two or thred free tarsal
elements. Finger and toe pads with a complete diecummarginal groove, Fiest finger shorter or of similar
lemgrth as second finger, Males with nuptial pads but without femoral glands. Generalized reproductive
hehaviour; eggs (o foam nests) are lawd into Iree water (not i leaf axils nor freeholes),

3. Laliostominae, new subfamily

Type gemus: Lafiostoms Glaw, Vences & Bohmao, |95,

Genera: Laltostoiin Glaw, Vences & Bolune, 1998 and Aglyprtodictiius Boulenger, 1979,
Distribution: Madagascar.

Terrestrial firmisternal frogs with a bony sternal style and with (Aglyptodactylus) or without (Laliestama)
intorcalary vlement between ultimate and penultimate phalanges of fingers and toes. Two free tarsal
elements, Tinger and toe pads without a droummargimal groove, Tirst finger distinely longer than
second finger. Males with blackish nuptial pads (when breeding) but without temoral glands, Gener-
allzed reproductive behsviour: eges are laid Into froe stagnant waler,
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5. [Mscussion

The new classitication proposod (Tab, 1, Tig. 1) divides the “ranids™ sensu Blommiers-Sellisser (1993)
it a number of well-detined monophyletic taxa, and one paraphyletic taxon, The epifamily Ranoidae
corresponds to the monophyletic clade of ranoid frogs morphalogically defined by sn ossified sternal
shvie (secondarily reduced in a few laxa). This opitamily consisis, according to our dlassification, of
three famities: the monophvlelic Rivacophoridae and Mantellidae as defined here, ansd the paraphylelic
Raridae, The latter group will certainly be subject of further partitioning in (he fature; for example, the
African groups defined as Cacoslerninag by Blommers-Schldsser (1993) (posssilaiy tapether with the
genus Tomapterma Venees ef al. in 2000b). and the Petropedetinae. which probably merit recogrition
at familial level, The same is tue for the enigmatic senera Pryciadena, THdebrandtio and Lapairinn
(Mrvehadeninae semsn Dobaois 1992,

Within the Mantellidae, three further monophyletic groups are recognized accarding to our clas-
sification: These groups are constdered as sublamilies. The advantage of this treatment is that the well-
estublished definition of Mantellinac as a group comtaining the genera Mantells and Manitidactilys (e
Blommiers-Sihliser 1993, Claw & Vences 19943 remains stable, The classification of the five gf:nr.*r:a
Aglyplodactylies, Booptis, Lattostomm, Mantela, Mantidactulus) in three subfamilies (Boophinae, Talio-
stuminag, Manlellinae ) ot one family feplaces their former classification in three subfamilies (Rhaco-
phorinae, Raninze, Mantellinae) of two or three families, The propased classitication is thercfore no
exaggeraled splitling approach. In addition, it must be kept in mind that two of the mvolved genera
are very speciose: Manfidactiiies currently contams abpul 70 nominal species 1n 12 subgenera, and
Ropplis contains more than 40 species in seven species groups, At least 10 new species of vach genus
are currently in progress of description, Mapddactilis is furthermwre paraphyletic {Richards et al, 2000)
and very diverse regarding the morphology, ecology, and reproductive biology ot the species included.
We encpect that both genera will be partiioned at genus level when phylogeioiic nformation becomes
avallable to characterize sufticiently the respective lineages.

In'a purely cladistic sense, the proposed clussificetion introduces paraphyly inte ranid classification
thy accepting a paraphyletic Ranidae beside the Mantellidae and the Rhacophoridas). However, this
sthuation is already implicitely accepted by recopnition of the Rhacophoridae at familv level, by (he
majority of herpetologists: Furthermore, we wonsider this paraphvly as a transitory slage, o e

Tab 1. Summary of the raneid classification of Dubwols (1992) and the proposed modifications according to new
phylugenetic data (M monophiyletic, P paraphyletic according 1o present slate ot knuwledge) Subtamilies are
vy shown for the Maliagesy family Mantellid e,

Clazsilication according to Dubons [7442) Propused clasaficabion

Suporfinily Ranoidea fperfarmily Ranoidea (M)

Epitamily Arthroleptoidae Epifamily Arthroleptoidae (M2

Epitamily

Lipt Farruly

Eilemily

Epil':llnilj.'

lamily Avthraleolidae
Family Astvlosternidae
Family Hvperoliidae
Pessdrobaloidas

Harmisotoadme

Fawily Hemisotidae

Microhvlomdae

Family Miceahyldae

Family Scaphivohrymdas

Ranordas

Family Mantellidae

Family Phrynobatrachadae

Family Banidas
E‘_""'_lbfﬂl'l'lz]}' P :1|'rh||rin.'-|r.—,']
Ssublanuly Lomopteminae)
[Sulsimily Raninae:

Epifamily

Lpatanuly

Family Arthroleptidae (M)
Family Astvlosternidae (M?)
Family Hyperoliidas (PT)

hicrrhy londag (M7
lamily IHemisotidae [M)
|'amily Micrabylidae {M?)

Ronoidaor [K)

Family Hamdee [P)

Farmily Rhacophoridag (M)

Familv Manlellidao (M)
Sublimily Mantellinae (M)
Subtamily Boophinae (M)
Subtamily Lalivstonsieae (M)
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Fig. 1. Schematic phylngenelic consensus tree based onrecently published maolecular dats, clade names accord-
ing o proposed scheme, Only sslected groups are included i the fgure, sublfamilies are only shovn for the
family Martellidae Evidence for the munophyly of nuntbered dades is, respectively, provided in tne papers o
(1) Hawv et al. (1993}, Feller & Hedges (1998} (2) Hay et al. (1965, Ruvinsky & Maxsen (1997), Felier & Te |z
(1998), Venoes ol all (2000a; (30 Hay et al. (1993), Feller & Ledges (1998), Vences et al, (20M0a), Emerson et il
(2000a) 74) Frweson of al (2060003 Marmayou et al. (2000}, Vences et al, (20002), Vences «1 at (sunmithed);
(5] Richards & Mooee (1995), Brssuyt & Milinkowvtich (2000), Kichirds el al (20009, Vences o al (submitted):
(6] Rickards & Moore (1995, Bossuvl & Milimkoviteh (2000, Richards ol al (2000), Vences el al, (Z0000),
{71 Bichards & Moore {1935 ), Bossuyl & itinkoiteh (20007, Richuards vl al. (20060, Vences et al, (20000 (8) Glaw
ol al (1498h), Richards & Moore (19983, Richards of al (20000 (9) Bussuyl & Milinkowvitch (20003, Vences et al,
T

matitained only untl more ranid clades of unguestionable manophyly are identified and considercd
ag distinct enough to menit famihal rank
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