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Abstract

A revisinn of speees included m the subpenus Lawrenromanns
(gens Mawsidas vfusd yelded new mformaton whout phy lozeny,
taxenomy. and biogeography of the ¢ndenic mantelld frog
recdiation in "riuliilgrl!ac'r]l'. Foosinr drerentcanrginiin spLrLics, dislinga
wizhed by morphology and sdvertisement calls, are recognized:
Muaiidoctefus ( Lanrenromantiv) horpidiy (zorthern and North-
Weslern biogeographic regions). W (L) verivimescalaius (Souih-
Lost and Last); M, (L) mdogasivy (Fast); and the new species
Mot siviins (Nonbi-East). M. seeigres and M. malaeasins
are probably sisler species buased on hieacousne and mor-
philogenl atfimtes. A ubeal glend, so far unkaown i anorans,
wdesenbed M mradiegasres and M Aorerefus. A phylogenetie
pnulysis ot 54 mamly osteological and morpholomical churacters
it 33 endemio Mulagasy anurans resulted moa posinon of Lou-
readcamranitis Close to species of the subgenera Sernomantds and
Cregiiivecontatiy Agenus Manridacrelns), in accordance with j15
subgencric stalus, However, also the well-esrablished genus
Muwrelle rasuited 1o be nested wathin Mansidae ity sapporting
the nzed of ganane parlitioning ol the Jater,
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Introduction

Recent phylogenctic studies based om mitochon-
drial DNA sequences sugoested that the endermic
Malagasy trogs of the genera Aglyptodacivius,
Booplis, Laliostema (previously Yomopterna),
Mantidacivhey and Mantella form a monophyletic
lincage (Richards and Moore, 1998; Bossuyt and
Milimkoviteh, 20000 Richards et al,, 2000; Venecs
et-al., 2000), although they had been previously
assigned to three dilferent subfamilics in the fam-
iy Ranidae (Blommers-Schlisser, 1993), Based on
the genctic evidence, Vences amd Glaw (2001)
proposcd including representatives of the five penera
ina separate faouly Mantelhidae, with thrée sub-
famitlies (Mantellinae, Boophinae, Laliostominag).

Molecular studies on Mantidactvius ineluded
simgle representatives ot cight subgenera ( Richards
et al. 2000), but morphological phylogenes ol this
genus based on an adequate number of characters
and terminal taxa bave so lar nol been published
(see Glaw etal., 1998). While Mantella, Aglypio-
dactvlus and Laliosrona are well defined lineages



| R M. Fenees e al

with a limited number of species. Boophis and
Mantiduerlus are speciose, with about 40 and 73
nominal species, respectively, Especially Manrr-
duacivine, currently partioned into 12 subgenera
(Glaw and Vences, 1994), containg very diverse
frops buth in size and morphology as well as n
habits and reproductive modes. Basic data on ecaol-
oev and reproductive biology are incomplete or
totully lacking for many species of Mantidactylus
and Boeophis, To understand how the mantellid
radiation could give rise to 11s present extraordi-
pary diversity in Madagascar, it is crucial to gather
information on 1ts less known hneages,

Despite of the important recent progress in knowl-
ecoe on the batracholauna of Madagascar (Glaw
and Veneces, 20000, a number of groups remain
largely unknown. Such is the case lor the frog
species classilied in Lawreniomantis. which at pre-
senl (Glaw and Vences, 1994) 15 considered as
subgenus of Mantidaciylus, Mantiduciyius (Lo
reitomuntis) forridios (Bocttger, 1880), M. (L.)
malapasivs (Methuen and Hewitt, 1913} and M.
(I.) vewrrimacidates (Angel, 1933), The monogriph
of Blommers-Schlsser and Blane (1991) contained
no information on habitat. biology or lile colora-
Lion of any Lewrentomantis species. Blommers-
Schldsser and Blane (1993) showed. for the brst
time, a photograph ot a living M. meadagasius. Glaw
and Vences (1994) provided photographs, call des-
criptions and natural history notes for two dilfer-
ent morphs referred (o this species from the Central
Fast and Marojejy in the North-East, and reported
the discovery af an adult M. horridus at Montagne
d'Ambre 1n northern Madagasear.

The nomenclatural and taxonomie histary of

Luwrentomaniis 1s extensive and sull confusing,
While Boetlzer (1880) describad the taxon fiorridis
as Hoemimantis horrida. Boulenger (1882) reated
this species as drthroleptis horetds . Methuen and
Hewitt (1913) erected the genus Microphrvne to
accomodate their taxon malagasius (as M. mala-
gasia), and assumed that horeida belonged W this
senus as well. As the name Microphrvne was pre-
aecupied, Methuen (1920) ¢reated the replacement
name Tracihemantis, However, as demonstrated by
Dubois {19800, Trachvmantiy was also preoccu-
pied (by Trachymantis Gigho-Tos, 1917). Dubois
[ 1980) thus created the replacement name Laurenio-
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mantis, which was considergd to merit genus rank
hy Blommers-Schlgsser and Blane (1991) and Du-
hevis (1992}, Glaw and Vences (1994), however,
coneluded that no phylogenetic data exist to consider
Lawrentomantis as a separate genus in addition to
the speviose Mantidacvlies, and consequently con-
siderad Lawreniomeantiy as a subgenus of Mantidae-
TS

During the last vears, numerous additiona] speci-
mens of Lawreniomantiy were collected dunng sur-
veys in several regions of Madagascar. 1o the present
paper we review the Laurentomantis material avail-
ahle to us (more than 43 specimens). provide de-
tailed morphological and bicacoustic data. and
describe one new species. We furthermore under-
take a phylogenetic analysis of 33 species, repre-
senting all mantcllid generu, Lo assess the position
of Lawrenronantix relative o them, and to draw
hypotheses on the origin and evolution ol this ra-
diation,

Viaterials and methods

YVocuhzabons were reeorded using port ahle lape recorders with
external nicrophones and were analyzed either with the MEDAY
sorndanaly 2ing svstem Spektoo 3.2 (M malagasis, M. striaus,
A venerimae wlatisd or on 2 PO using the sottwars CoolLdit
(Swvnerilliom Saftware Corp. ) (M, dorridus).

The fellowing morphiologicsl measurements were luken with
a calliper to the nearest O, 1 millimerer: SV (snout-vent length),
W (head widthy, HL thead length), ED (horeontal eye dis-
metery, END {eyc-nosinl distance), NED (nesmil-snout lip
distarice). NIND (nostril-nosto] distance), TN (havizontal tyme-
paruin dizmetary, HAL thand lengeh), FORL {forchmb lengthy),
TIL (hindlimb lenwth), FOL (foot lengehy, FOTL (foot Tength
mcludineg arsns), TMTL. IMTI (length and height of mner
metatarsal tberele), TL (length of first woe).

lnstitutions] abbreviativns areas firllows: BMNH (The Na
tural History Museum, London);, FAZC tFranco Andreons Zoo-
logicil collecizon prelimimary numeration of specimens which
will be deposited in MRS ) FMNE (Freld Musenm, Chicago);
MMNHMN (Muséum Mational d'Historre Nawrelle, Parns) MRSN
(Museo Regiomale Ji Seicnze Naturall, Torngd: MSNG (Museo
di Storia Saturale di Genoval; NMBE (Molurlustonsehes Muo-
seum Bern;, PRAL (Pare Botanigue ¢t Zoplogigque de Leim-
bazizd, Anlananariver; TH CTransvaal Musewm, Poetorning,
LADBA (Umversite " Antananarive, Département de Biolo-
gic Amimale)y, ZFMEK {Loplepisches Fﬂrﬁchungﬁinﬁtimt und
Musenm Alexandor Koeng, Bonn j; ZMA (Zoblogseh Muaseum,
Amsterdam ). Z8M i Zoologische Statssammilunge Munchen).

Stariatieal anadyses were cared ot using SPRS for Windows,
version 9, We performed Mano-Whimey U-tests o ussess sig-
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piticanse of intersexual and interspecific differences in siee
and morphometrie tabios {relative tympanum lenath and head
width, ratios TDVSVL and HW/SVL: relative steo of inner
meratarsal nibercle, IMTLSVL and IMTITSVL ). Temporal and
METC Measuraments aee fiven as runge. with mean L standard
deviation i parentheses. Terminology for the descripion of
[ervaral and 1ibial glunds follows Glaw e al. (2000), Number
b erossbunds on hand and foot are given (o the tip ol the longes)
finger or low, respectively. The wrm “tikial gland™ is here coined
far the promment gland structures om the dorsal surface of the
tibae of Montidictvius horridus and M. malagasins (see deserip-
tions m the ¢orresponding sections], The teoms lemur, thia,
hurnerus and radivs, o the desenptive species accounts, are
used 1o refer W the corresponding exiernal limb segments. and
not o the ones.

Coordimares and oltilude of colleating localitios are listed
e Venees and Glaw (submitted). Full names and gevgraphic
references of the campsites visited by F, Andreone and quoted
in the text are as follows, (1) Masoaly Campsite 2 = Forés de
Heanjada, 1571645, 49739 8", 620 m, Musoala Peminsula,
Antalaha Frvondronana, Antsirsnana (D0égo Sumees) Farilany
[ Provinee], £2) Masoala Campsite 3 = Forét d* Andasin'i Gover-
e, 15718355, 307012 K. 700 m, Masonls Penmsula, Antalalia
Fivondronana, Amtsranana { Thégo Suvarez) anluny { Provinee);
{3} Humpy — Masoala Penmsuly, Compsige 4 ( Ansarahan Amba-
paraia ), L3723.52°8, 3070282, 510 m, Antalabn Fivondnonuna,
Anrsiranana Fariluny (Tiéea Suarce Provinee): (4) Teararaun
Campsite | = Tsararano Forest, Campsite 1 | Anlsurahan ny
Tsaruruno), Andapa Fivondromni, Antsicanana Faritany ( Diden
Suarez Prowvinee), 14754 475 4973 27E, 700 m

Crateclogeal duti refer to the cleared and stained specimens
tisted in Table L Terminalngy and charseier delintbons largely
lollosy the acconnts of Clarke (T98 1), Drewes ( 1984, Blommers
Schlésser (1993), Glaw and Vences (19041, and Glow et al.
(19985, Choracters were analyzed with PALIPE, version 4 heta
tSwattord 1998y We perlormed Maximum parameny (MM
analyses (hounsne searches with TBR hranch swapping), coding
all chargeters as unordered. Muyltistate charieters were coded
us polvmorphisms. Species af Hetericalos ( Hyperoliidpe) were
used uy oureronip (see Blommers-Schlosser, 1993; (law ot al,
| 908,

Systemalic accounts
Lauwrentamantis Dubais, 1980

Status, — A subgenus of Maniidacnlis Boulenger.
595 following Glaw and Vences (1994},

Diagmosis. — Small 1o medium sized (SVL 20-35
mm) scansorial anurans with a moderately to coarse-
ly granular dorsum and completely connected lat-
eral metatarsalia, Webbing absent from hand and
feet, Third toe distinetly longer than [ith we. A
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sigle mner and two outer metacarpal tubereles; a
dhstinet iner and a small ouler metatarsal tuberele:
single suburticular tbercles. Intercalary ¢lement
present between ultimate and penultimate phalanges
ol all fimgers and toes. Ultimate phalanges Y-shaped.
Cimosternum ossified and unlorked. Vertebral col-
umm diplasiocoelous, Maxillary teeth present, vome-
rine teeth present (vomerme odontophore present),
but generally concealed under mucous skin of buccal
rool, A complete circummarginal groove ventrally
on finger and toe pads. Males with a slightly dis-
tensible single subgular vocal sac and distinet femo-
ral glands, ol type 2 according to Glaw et al. (2000)
as assessed hy detmled macroscopic examinations,
composed of up to mne single large granules; some
species with ubial glands: no nuptial pads,

Included species. — Mantidactvius horridus, M.
malagasius. M. striarus spon, M, veatrimeaculatus.

Mantidaciplus (Lauremtomantis) horridis (Boctiger,
| 550

Fig, la-h

Material, — SME 7177 (holotype, Nosy He, collecied by C
Ebenau, MSNG AU 2540 and VADBA 10001- 10002 ¢ Manari-
koba Farest, Dsaratanang Massif, 14°02°2478, 4854742
R. Jesu, G, Schimment and 1. O Piso, 15-22 Februaey 1997 );
ZIME 37433 ( Montagoe d"Ambee; T Glaw, N Rahihizon and
Ch Ramulson, 14-17 March 1994,

Oniginal name, — Hemimantiv horvida Boettger,
18R

ldentity.  The holotype is a subadult specimen of
Lo d mm SVL; it agrees with the other specimens
assigned here to the taxon in general morphology
and coloration {coarsely granular withoul distinet
ridge elements on the dorsum, with (wo indistinct
broad dark: transversal bands), by having shor
hindlimbs (tibiotarsal articulation reaching ante-
rior eve corner), lacking an unpigmented area on
the posteradorsal part of the femur (on which the
ariginal pigmentation is stll rather well preserved).
The area immediately above the cloaca has a very
short light markmg which may be homologous to
the verlebral stripe on the posterior dorsum typi-
cal for the new speeics M. seriutus (see helow).
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Diapnosis. — [ istinguished from other known Leaw-
renforantis by larger body size (male SVL 26-28
mm vs. 20-23 mm; female SVL. 35 mm vs, 2329
mm), long nole duration (1271-2521 ms vs, 407-
| 465 ms) and low pulse repetition rate in advertise-
ment calls (13/svs. 18-40/5). Further distinguished
Irivem M. ventrimaculatuy by absence of prominent
dorsal ridges. from M. ventrimaculatus and M,
siriotus by a gramilar bellv, and from M. malagasius
by absence of red color un limbs.

Morphology. — For measurements see Tables | and
. The skin of the dorsum i5 coarsely granular;
eranules are only sometimes indistinetly arranged
as continuous ridges on the anterior back (e.o.
LIADIBA 10001). The vocal sac. as far as recog-
nizable in preserved specimens, is single subgular,
Throat and limbs are ventrally smooth, the belly is
granular, A tibwal gland 15 present in all male speci-
mens from Tsaratanana (although less prominent
than in M. malagasaus). bul absent in the single
[emale from Monlagne d'Ambre, Femoral glands
i MSNG 49125C (size 2.6 x 1Y mm; Fig. 2) 1n
internal view consist of five granules on one limb
and six granules on the other limb (granule diam-
eter 0.8-1.3 mm). The tibial gland in this speci-
men, montemal view. has a structure sunilar Lo
that found in femoral glands of type 2 sensu Glaw
el al. (2000). It consists of a densely packed field
of ca. 00 granules (granule diameter 0.2-0.4 mm).
Externally, about 60 distinet pores are visible on
the gland surtace (absent from the surrounding skin),
mdicatung that cach granule may have one sepa-
rate seeretion pore (Fig, 3). Size of the ribial gland
s 8.0 % 2.2 mm.

No significant sexual dimorphism in relative
tvimpanum si1ze and relative s1ze of inmer metatar-
sal Lubercle was detected in the single female avail-
able. Mean male size was 76" of [emale size.

Coloration. —In preservative, dorsally greyish brown

s
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with a very tfaint and poorly delimited durk pat-
lern which fonns 2-3 mdistinet broad transversal
bands. Limbs with dark crossbands of wvariable
width: 2-4 on femur, 2-3 on tibia, 7-8 on tarsus
andd Toot, 1-2 on humerus, 4-5 on radius and hand,
Y entral side umitormly dittuse grevish-brown with
small light grey (thraut and belly) or cream (limbs)
markimngs. In life similar. The light ventral mark-
ngs were rather ndistinet, The mis was yellowish
browh, with a narrow, more mtense orange circle
around the pupil.

Distribution.  Known [rom (1) the type locality
Nosy Be, (2) Montagne d"Ambre, and (3) Tsara-
tanand (altitude 1300 m) (Fig. 3). Al Montagne
d"Ambre, the species has also been recorded at an
altitude of 1200 m by Raxworthy and Nusshaum
(1994). The highest elevation of the island ol Nosy
Beis 430 m in the Lokobe reserve, Altitudinal range
15 therefore 430 m (probably also lower altitudes
at Nosy Be) to 1300 m. Blommers-Schlésser and
Blanc (1991 ) hsted three further localities: Marojejy,
Fenerive and Tampolo. While the latter two lo-
calitics both refer o the specimen MNIIN 1953130
which s here ussigmed to M. malasasius (sce see-
hon on distribution of that speeics). we did nol
find anv voucher for the locality Marojejv 1n the
MNHN and ZMA collections on which the distri-
butional data of Blommers-Schlésser and Blanc
(1991) were largely based; the Marajejy locality —
which possibly relers o M. siriatus — 15 therefore
considered in need of confirmation. The specimen
shown as M. horvidus in Hofrichier (1998) is ae-
laally a M, venfrimaculars (NMBE 268/946, sec
belaw),

MNatural history, — On the I'saratanana Massif, M.
hovridiis was collected within the primary rainforest
of Manarikoba. which was described by Perrier
de la Bathie (1927) and characterised by trees hea-
vily covered with mosses and herbaceous under-

Fre d Dorsolateral and ventral views of species m the subgenus Lawriniomeniis in e, a-b, Meantidactylus [Lawveniomaning

feirrfauy, fornle ZEMEK $7433 trom Montugne d' Ambre; o-d, Mansidactidus (Lieestomantis | modfagasiy. male from Andasibe: -

L Magitislactylus {Lowremiomunis) striatus, male from Marojery: g-h, Mantigaerviuvs (Lawrenromaniisy vendrmmacudams, mitle from

Vohiparar,
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Table 1 Dillerentiil charactors of Lynreniomantis species. Morphometnie ratios were caleulared from data m Table |
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growth, The physionomy of this unspoilt forest is
also marked by the presence of high numbers of
rreg lerns (Cyadhea) and Pandanus. During the study
peniod (13-22 Pebruary 1997), which occuarred in
the peak of the rainy season. only calling males
were observed: they were spotted at night on bushes
at 30-130 ¢m from the ground n the vieinity of
a mountain stream, The female lrom Montagne
d " Ambre was found hidden under deadwood m
primary forest (Glaw and Vences, 1994),

Calls, — Recorded on the Tsaratanana Massif on
| 7 Vebruary 1997, at 17.5°C air temperature, Calls
were senes ol Tong notes with widely spaced pulses
(Fig. 4a). Note duration was 1271-2521 ms (21 16+
44 ms, n=7), duration of intervals belween noles
was 1271-3113 ms (18464389 ms, n—=7). Each note
consisied of 16-33 (27.3=5.9; n=7) pulses. Pulse
duration was [ 1-17 ms (142 ms. n=15), duration

of ntervals between pulses wis 52-64 ms (38=
4 ms, n=13). Pulse repetition rute was 12.6-135.3
(12.94400.3; n=7) per second, Pulse intensity increased
il the beginning of one note, and decreased apain
towards ils end. Freguency was 2300-4300 Lz,
dominant {requency 2300-3300 Hz.

Mantidacivius (Lawremtomantis) ventrimacilatus
(Angel, 1935)
Fie. lg-h

Marerinl. MNHN 1635 173 (lectorype) and MNHN 935,172
| paralectotype), both from Tsake-lvondro, collocted by B Cualila,
ZEME 62273 and 62281 (Vohiparmmea; T Glaw, D, BRakotomalals
and I, Ranauvojaona, 27 Febroary 1504960 NMBE 26856 { Anida
sibe-Anolomazaotra: B Vallan, 25 January | 9940)
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Orvigmal name. - Trachvmantis malagasio Var. ven-
frimacilatusy Angel, 1935

ldentity.  The morphological and chromatic char-
acters of the tvpes (Light marbling en venter; rela-
tively long hindlimbs: dorsal ridges) leave little
doubts on the correct attrthutton of the Vohiparara
and Andasibe specimens o M. ventrimacilatus.

Diagnosis, — Distinguished from other known Laa-
rentomantis by short note duration in advertise-
ment calls (407-455 ms vs, 440-2521 ms). Furthe
distngmshed from M. horreidies by smaller body
size (male SVL 23-25 mm vs. 26-28 mm), smooth
belly, and higher pulse repetition rate i adverrise-
ment calls (21-24/ ve, 13/8); and from M. striatis
and M. malugasivs by dark belly with distimet gl
mirhlings (which are bluish in life)

Morphology,  For measurements sce Tables T and
L. The skin of the dorsum 1s strongly granular.
Tubercles on the posterior head and anterior dor-
sum fuse 1o form a symmetrical pattern ot ridges.
These ndges are prominent in most specimens, rigid
and of a sharp appearance. A ubial gland 1s absent
i NMBE and Z1'MK malerial, both in the males
and i the subadult (female) specimens. Venter and
throat are smooth, very slightly granular areas are
present on the belly closc 1o the mzummal region.
Femoral glands are very distinet and prominent;
i ZIMK 62281 the oveid pland consists of 9 large
granules which minternal view are resularly packed
but in external view appear to enclose two median
depressions. This exiernal confiouration is cven
better visible in NMBE 268/96 (Fip. 53 in whieh
the gland measures 5.6 x 3.0 mm. Diameter of single
granules 15 0.9 mum. -
No signmificant sexual dimorphism in relative
tympanum size and relative size of mner metatar-
sal tuberele was detected. Mean male size was 82%
of mean female size (only adult specimens con-
sidered),
Coloration.  In preservative, dorsally greyish brown
with two indistnet, faintly recognizable dark cross-
bands which are largely discontinuous dorsally but
rather dhstinet on the flanks. Limbs with distinet
and regular erosshands: 2-3 on femur, 3 on tibia,
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e o el 1,
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P 2 Femocal glond ol Manirdacrefus { Latireriomamis ) vensrs
prgcpite s (ML 268496 ) moventral (extemal) view. Artows
indrcatz the apparent external central depressions which may
e used by the surrounding gland gronules Tor seorelion.

Frroa, Tibal gland of Muntrdeetdus (Latrenionaantin) hoeeids
(MENG AR50 m externa] view (above) and muwermal vigw

(helow] Note the large number of small secretion pores in
external vicw. Scale burs= 1 mm.

7 an tarsus and foot, 1-2 on humerus, 6 on radiuy
and hand. Ventral side dark brown, distinetly
marbled with 2rey. In life, the dursum was reddish
brown and the ventral light marbling was light blue
an 1 deep black venter und throat. The iris was
grevish brown, with a narrow vertical black streak
in s lower part, The crossbands on the flanks were
deep black.

Distribution. — Known from (1) the tvpe locality
lsaka-Tvondro (at an altitude of 700 m according
o original descriprion), (2) Vohiparara, and (3)
Andasibe (Fig, J). Alttudinal range 700-1000 m.
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Matural lustery. — A smgle calling male was heard
[ronm near the ground at night in forest at Veohiparara.,
al o distanee of more than 10 m [rom a brook.

Calls. Recorded at Vohiparara on 27 I'ebruary
1996, Calls were series of unharmonious notes (Lig.
4d), Note duraton was 407-453 ms (442 + 19 ms,
n — 7)., duration of intervals between notes was
2673-6274d ms (3452 £ 1281 ms, n=7), Each note
cosisted of 9-11 (9.92£0.7. 0 — 7) pulses. Pulse
duration was 5-19 ms (13 £ 4 ms, n = 75), duri-
ton of mtervals between pulses was 28-48 ms (36
+ 4 mg, n = 060), Pulsg repetition rate was 21-24
(22+ 1. n=7) pulses persecond. Frequency ranged
between 2000-53750 11z, the poorly defimed domi-
nant frequency between 2300-4250 Hy,
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Maniidactvluy (Laurentomantis) malagasins (Me-
thuen and Hewitt, 1913)
Fig. le-d

Buteriol. — BMSNH 1985590 CAmbatovakoy, 400 m, O 1 Rax-
waorthy 13 March 19900, FAZC 72360 and 7254 { Andranohe,
Muscala: 1. B, Randriamming. 28 Ovtober 6 November [9UEY!
FAZC 7700 prd 7730 ( Musoale, Campeate 20 F.Andreone and
1k Randeaniang, M hovember 1998 MNLIN 1976,230
Hocaliby unknewn), MNHN 1953130 {Tampelo Est), NMBE
23396 { Ambohiantely, D, Vallan), TM 0076 (holotype; Fo-
lohw: colleeted by M. Herschell-Chanyvin, apparenthy w (911 )
ZIMK 57434 and 59876 (Andasibe; 1. Glaw and M. Vences,
-4 January [y ZEME 57435 (Ankentheny: Fo Glaw, W,
Riabihisoa and O Ramilisen, |9 February 1994 ZEMK G059
(Andasibe: F. Glaw, 1 February T995) AMA 5366 { Ambalovaky:
C. 1 Raxworthy, Murch 1990, Z5M 1242000 ¢ Volidrasana,
I7, Cilaw, 10 April 20007,

Criginal name. — Micraphrvne matagosio Methuen
and Hewitt, 1913

B
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Fieo 4 Sonugrioms and eseillogroms of calls of species in the <ubgenus foureitamuntic. o, Manddaching horridis, cecorded m
Tsamatmmang, b, Monrfdaorefis malagayiny, recorded ar Andasibe: ¢, Mawtidaenpfuy sirieties, recorded ot Marajegy: o, Manrideae tolus

vertiriamaciciaray, recorded ot Volupurara
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Fig 3 Ihstribution mup of species in the subgenns Laureatn
manies, MFositiomnge of localities in the maps is i parr only
upproximule. Sumbers of localites correspond toy thosc given
it L “Dastribation™ secoions of each species.

Identity. — The male holotype is charactenized by
a coarsely granulur dorsal skin, with two nidege-
like granules in the shoulder region and two larger
rounded granules on the anterior dorsum: throat
and chest are smooth, venter and ventral surface
of femur are shightly granular, Femoral glands are
promnent, The gland on the left femur consists of
one single enlarged granule, diameter ca. 1.8 mm:
the gland on the right femur consists of Lwa gran-
ules (sce also Methuen and Hewitr, 1920). There
are no thal glands, Color (after about 90 yvears in
preservative) has largely faded into an almost uni-
lorm light brown. According o the origimal de-
seription. “hidden surlace ol the thighs and tibiae
with large white blotches™ which almaost certainly
correspond to the unpigmented arcas (red in hife)
typical for this species. Furthermore, the general
morphology, size, and structure of the femoral gland
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(composed of 1-2 granules) indicate that the name
mualugasius s correelly applied to the red-lepged
Lawrentomantis species from eastern Madagascar,

Diagnosis. — Distinguished from other known Lati-
restamantis by ved color on postertor and ventral
surface of limbs {appearing pigmentless in preser-
vative vs. plgmented brown-grevish in the other
spectes), burther distimguished from M. horricdus
by shorter note duration (768-1468 s vs, 1271-
2521 ms) and higher pulse repelilion rate in ad-
vertisement calls (18-36/5 vs. 13/5), and simaller
hody size {male SVT. 20-24 vs, 26-28 mm: female
SV 23-26 mm vs. 35 mm): from M. ventrima-
ctifatus by absenee of regular light marbiing (bluish
in life) on a dark venter, and longer note duration
i advertsement calls (768-1468 ms vs. 407-455
ms), For a distinetion from M. sirianes, see diag-
nosis of that species helow.,

Remuark. — The specimen MNHN 1976 250 difTers
in gencral appearance and femoral gland morp-
hology from the remaining specimens; it is only
tentatively assigned to M, malagasivs, and not con-
sidered 1 the morphomeltric caleulations,

Morphology. -~ For measurements see Tables [and
[I. The dorsum 1s moderately granular, the gruan-
ules omly oceastonally torm rnidge-like structures
which, howewver, arc never very prominent, |he
throat 1s smooth, the belly shghtly to moderately
granular. Very distinet and prominent tibial glands
are present i the males from Andasibe and Amba-
hitantely as well as in the female from Ankenmheny
(Z1MK 37435), They are also present in the dubi-
ous specimen MNHN 1976.250. but absent in the
male holatype and in specimens from Ambutovaky
and Andranobe (Masoala). This may indicate a
constant difference between mid-altitude and low
altitude localities, bur more material is necessary
L assess whether it may bear taxonomic relevance,
In AUME 537434 the tibial gland measures 7.1 x
1.4 mm and consists (imantgrnal view) of about 73
grapules (0.2-0.4 mm in diamcter), The external
pores of the gland are clearly visihle,

Femoral glands are only present m males: on
cach femur, the gland generally consists of two
larpe granules (o single granule in the holotype),
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in BMMNH 1988590 from Ambatovaky, the gland
on each femur consists of two groups ol ftwo gran-
ules each (total number of granules on both fe-
mirs: eight). Femoral gland size in NMBE 233/96
is 3.1 % 1.4 mm n externdl view (diameter of each
granule in internal view ca. 1.2 mm).

No significant sexual dimorphism in relative
tympanum size and relutive size of mner metatar-
sal tuberele was detected. Mcan male size was 92%
ol mean femaule size

Coloration. — In preservative, dorsally greyish
hrown, with indistinet dark pattern. Except short
brown crossbands, the femur is pigmentless. There
are 3-5 crosshands on femur, 4-3 on tibia, 8-10 on
tarsus and [oot, 6-7 on radius and hand; no distinet
bands wre seen on humerus. Ventrally grey-brown
on throatr, chest and anterior belly, pigmentless-
cream on posterior belly, A pattern of small white
spots. partly forming aggregations, s present on
the dark ventral arcas. On the belly. cach of these
spots coincides with u single granule. Along the
lower Lip, the light spots somenmes form crossbunds
(.0, ZFMEK 59876). Ventral side of forelimbs brawn
with light spots, I'emur ventrally pigmentless cream,
tihia cream with brown markings. In Life, the pos-
erior and ventral surfaces of the femur are deep
red. as is part of the mguinal region and of 4 small
arca around the forelimb insertion. '|he femurs and
posterior belly are mure or less intensively shaded
red. The ins 18 erange brown in ils upper part,
erevish in its lower part. The dorsal surface can
have un olive-greenish shade.

Distribution. — The species is known from (1) the
tvpe locality Folohy, (2} Andranohe (Masoala), (3)
Masoala (other localities), (4) Ambatovaky, (3)
Venouarivo, (6) Andasibe, (7) Ankentheny, (8)
Vohidrazana, (9) Ambohitantely (Fig, 3). The
known altitudinal ranee 15 300-900 m.

The specimens BMNH 1928.5.9.13 (Brickaville:
purch. Roscoberg) and BMNIL 1925.7.2.92 (Antsi-
hanuka: purch Rosenberp) were not available at
the time of our study and cannot be conlirmed as
M. madagasivs until examined. T'he specimen from
Fencrive (MNHN 1953130078 subadult (SVL 15.2
mm; traces of femoral glands recognizable) and in
medioere state of preservation, Tt was considered
as M. horridus by Blommers-Schlisser and Blanc

(199 1), Despite 1ts short hindlimbs (tibiotarsal ar-
teulation reaching anterior eye corner) we consider
it as M. malavasivs hecause on the posterodorsal
part of the femur, unpigmented arcas are recog-
nizahle (which probably correspond to the red lite
color typicul for this species). The dorsum of the
specimen is coarsely granulur withour nidge ele-
ments. According to the MNHN calalogue, two
specimens were originally granted the number
MNHN 1952 130; the locality information reads
“Fenerive, Tampolo Est™. Blommers-Schltsser and
Blanc (1991) apparently interpreted this as sepa-
rate inlormations for the two specimens. and cor-
respondingly plotted two localities on their
distribution map, one for Fenerve. a second one
fior Tampolo. There are t least two localities nanied
Tampolo along the eastern coast of Madagascar,
one close o Mananara and north of Fenoarivo [ —
Fenerivel. o second one south of Toamasma (—1a-
matave). As specimens from different localihes
senerally were not catalogued under the same
number in the MNIIN, we interpret that “Fenerive”
was added to indicate that “Tampola Lst™ refers to
the locality north of Fennarivo.

Natural histary. — Calling males were observed at
night in forest in the vegetation, 5-50 ¢ above
the ground. not coneentrated around water bodies.
The voecal sae was single subgular and only shghtly
distensible.

Calls, — Recorded at Ankeniheny at 23.3°C ar
temperature and at Andasibe. Serics of unharmo-
nious notes (Fig, 4b), Nole duration was 936-1468
ms (1169 + 205 ms, n = 6) at Andasibe and 7T68-
995 ms (864 + 72 ms, n = 12) at Ankemheny.
Duration of intervals between notes wus 769-1049
ms (876 + 108 ms, n = 3) at Andusibe, and | 126-
1698 ms (1433 L 200 ms. n = | 1) at Ankeniheny,
Pach note consisted of 22-43 (35 =9, n = 6) re-
spectively 13-20 (17 £ 2, n=12) pulses. Duration
of intervals belween pulses at the two localities
wits 30-80 ms. Pulse repetition rate was 23-36 (30
+ 5, n — 6) respectively 18-22 (20 + 11, n—13]
pulses per second, Frequency was 2300-4500 re-
spectively 2650-4400 He.
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Muantidactvins (Laurentamantis) striatus n. sp,
Fig. le-t

Material  Hodotype: ZS5M QIR2000 (Formerly AFMEK 37436),
adull male, callected by F. Crlaw, N Rabibisow apd O, Ramnlison
¢ 27-51 Murch 1994 ur the Marejery Masail, Campsite 1 (ea
300 1 alurnde ). Paratypes: FAZC IMREN) 10299 10313, 1U3TR,
a2, 10441, collected by F Apdreone and I T Rundrianirina
ot Hampy ( Masoala ). in November and December 194949, MREN
AGET -2 and A193R, collected by F. Andreone at Tsararano
Forest (Cumpstte 1) on 3= December 1990, FAZC 7581 and
7644, collected by I, Andreone-and 4, F Randeianiriog @
Masouds (Campsie 21 on 28 November MO8 TAZT 7711, 77496,
THd, TRIN, TRIY, 7003, 7910, collectad by FAndrgone and )
., Randngmrma ol Mysoala (Campsite ) on 2-9 December
| 9k AFME 3T437-2745%, sume collectors and collectmg date
us holotype: ZFMK 3997 (clearsd and stained <pecimen),
collected by F. Glaw and O, Ramilizon at the Maroejy Massif,
Coampsite |, on 21-23 Fehrary 1995, AEMEK 5959249 (¢leared
ard stained specimen ), enlleeted by F o Glaw und (3 Rammlison
at the Marojejy Massif (Campsite 3) on 23-26 Febroary 1995,
LMK SUU0-5E3 1, enllected by FooGlaw and O, Ramilison
ut the Marojepy Massil (Campsite 1) on 22 Februry [995

Diagnosis. — A member of the genus Mantidaciyls
based on the absence ol nuplial pads and presence
ol femoral glands i males. Assigned to the sub-
genus Lawrentomantis based on the moderately,
wregularly granular dorsum. the single subgular
voeal sac, absence ol tool webbing, and completely
connected lateral metatarsalia. Distinguished from
all other Luurentomanris by presence ol a light
brown to orunge vertebral stripe on the posterior
dorsum. Further distinguished from M. horvidus
by smaller body size {male SV, 22-24 mm vs. 26-
28 mm: fomale SV 24-27 mm vs. 35 mm), lower
note duration (440-1266 ms vs, 1271-2321 ms) and
mgher pulse repetition rate (29-40/ vs, 1375 1
advertisement calls; [rom M. venrrimaculatis by
ahsence ol regulur light marbling (blucish in life)
on the venter, and by a longer note duration in
advertisement calls (440-1266 ms vs, 407- 55 ms).

Most simidar (and probably closely related) to
M. malagasius From which it differs by absence of
reddish color on hindlimbs (versus red color on
posterior and ventral surface of femur in life), largely
uniformly dark and smooth veniral surface (ver-
sus light surlace with dark markings, and granular
texture with white-stippled granules), and presence
(vs. absence) of a light vertebral stripe on the pos-
terior dorsum. A further diffcrence between hoth
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species is found in head width (U-test ol ratio HW/
SVL, P=<0.001: P<0.005 considering males only),
although some range overlap in this character cx-
ists. On the Masoala peninsula, the two species
comme into close contact and even synlopy: while
only M. strfatus was collected at [lampy and only
M malagasing at Andranohe, at Campsite 2 both
species were captured,

Deseription ol holotepe, — Adult male, SVL 23.8
mm. For measurements. see Lable I Body slen-
der: head longer than wide, slightly wider than hody;
snout rounded in dorsal and bateral views: nostrils
dirceted laterally, shightly protuberant, much nearer
to tip of snout than to eye; canthus rostralis indis-
tinct, concave: lorcal region conciave; Iympanum
simall. distinet on lell side of head, indistinet on
right side, rounded, 42% of eye diamcter; supra-
tympanic fold verv indistinet and rather wregular,
not clearly curved: wngue ovoid, distinetly bifid
posteriorly: vamerine teeth nat visible on the buc-
¢al roof, but present under the mucous skin, chou-
niae small, rounded, Arms slender, subarticular
tubercles single: two outer, and one 1nner metac-
arpal tubereles present; Bngers without webhing:
relative length of fingers 1<2<4<3, finger 2 dis-
tmetly shorter than finger 4, only slightly shorter
than finger | finger disks distinetly enlarged; nuptial
pads abscut. Hindlimbs slender: tibiotarsal articu-
lation reaches between eve and nostril; lateral met-
tarsalia connected: inner metatarsal wherele distinet,
outer metalarsal lubercle present; only traces of
webbing hetween toes; relative toc length [<2<5<
34, toe 3 distmetly longer than toe 5, Skin on the
upper surface coarsely granular: granules are ar-
ranged asymmetrically excepr for the anterior back
and head regioms, where some svimmeltrical larger
tubercles and shor ridges are present; a number
of granules also above the eves; no distinct en-
larged tubereles in the cloacul reston: ventral skin
siooth. Femoral glands very distinet and promi-
nent, On the right femur, i internal view (after
reflection of skin), lour lurge granules arc visible,
three of which are arrunged symunetrically, appar-
ently encircling a weakly marked external central
depression. Tibial glands absent, The folded vocal
sac marks two distinet longitadinal lateral Tolds
on the posterior throat,
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After six vears m preservalive. dorsal colora-
tion 18 uniformly grevish brown, with some darker
coloration bordering the dorsal tubercles and gran-
ules. The limbs are light brown with disunct dark
brown crossbands (3 on femur, 3 on tia. 6-7 on
tarsus and foor. 1-2 on humerus, 6-7 on radius and
hand), A short (3.5 mm) beige vertebral stnipe starts
on the postenior back and ends at the cloaca. Lower
lip with indistinet dark and light crossbands. Ven-
trally uniformly greyish brown. with a few small
light spots on chest,

Variation.  The vertebral stripe on the posterior
dorsum can be very short as in the holotype, or
run along the whole posterior half of the dorsum
(e.g. ZFMK 59931, stripe length 12.5 mm). It 1s
absent in only a stngle specimen (MRSN A1937.2)
examined. Limb crossbands are 2-4 on femur, 3-4
on libia, 6-8 on tarsus and lvot, 1-2 on humerus,
7-8 radius and hand. Tndistinet brown patches are
generally present behind the forelimb insertion and
in the inguinal region, MK 39930) is exeeption-
ally heght colored but agrees in pattern. The ven-
tral wround color is always a diffuse and uniform
greyish brown. In the female ZFMK 394931, the
throat 1s of a darker brown shade than the venter.
A number ot white markings can be present on the
chest and on the throat along the lower hp, The
hindlimbs are ventrally uniformly diffuse grey-
brown. Dorsum coarsely eranular, the granules
sencrallv not forming ridges (the holotype show-
ing an cxceptional state), The belly skin s smooth
m all specimens. The femoral glands measure be-
tween 3.8 x 1.8 mun (FAZC 10378) and 4.8 x 2.]
mm (MRSN A1938). They consist of 3 (FALC
7905) to 5-6 granules per gland (MRSN A193R),
Granule diameter 18 0.9-1.2 mm.

No stemficant sexual dimorphism n relalive
tympanum size wis detected. but the inner meta-
tarsal tubercle was significantly higher in males
(L-test, P=0.005), and possibly had alsoa tendency
ol being larger in males (U-test, P=0.0%). Mean
male size was 92% of mean female size,

In life, the color was rather similar to that in
preserviive, The iris was reddish in its upper part.
brown in its lower puarl. The vertebral stripe was
oencrallv orange. The ventral side was dark 1o light

rev. without any trace of red or reddish color,

=
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Revision of Laurentormantis (Amphibia, Maniellidae) of Madagascar

Distribution. — Known from (1) the Marojejy Massil,
(23 Tsararano, (3) Masoala (Campsite 2}, (4) Hampy
(Fig. 3). Known altitudinal range 300-700 m.

Natural history. — At Marojejy. calling males were
observed at night in the vegeration 5-50 ¢m around
the eround. All specimens at this locality were found
along small brovks, al a maximum distance of 3 m
from the water. FAZC 10313 contamed two very
large unpigmented oocytes (diameter 4 mm) and
fwo smaller unpigmented oocyles (diameter 3 mm).

Calls. — Recorded at Marojejy. Series of unhar-
monious notes (ig, 4¢). Note duration was 4440)-
1266 ms (823324 ms, n=14). Duration of intervals
hetween notes was 162-432 ms (23872 ms. n=13).
Number of pulses per note was 13-39 (28=9, n=14),
Intervals between pulses lasted 21-23 ms (n=5).
Pulse repetition rate was 29-40) (3514, n=14) pulses
per note. Frequency was 3000-4500 11z, Excep-
tionally, a very long nate type (duration cu. 2000
ns, consisting of 75 pulses) was heard.

Key to species of Laurentomantis (see also table
I1)

(1) Larger species; mule SY1 206-28 auy, female YL up
35 mm. Hindlnmb mustly short; when adprossed along body.
Hiiotarsal amienlaton reachss gt mest nostril. Polse repetition
rate 10 netes of adverlsement ealls low (13/5), note duration
long (1.2-2.5 8b .o Mantidacr fus [ Laiereniomenniis ) hovricdons
i 1) Smatler spocies: male SV op 1o 25 mm, female SVL up
o 29 minl [hindlimb moestly bong; when adpresssd ulong body.
Libio tarsal artienlation reaches at least nostril, ollen snoul 1
ar beyond, Pulse repetition rate in notes of advertisemenl culls
hagher ¢ La-dis), nite daralion mostly shorter (4-1.5 £). ..

ventrally. Notes of advenisernen) gatls shor (04025 83,
................... Martidoervlug [ Laurentomantis) venteimacuatiy
{20 Color i life without reddish brown tone dorsally, and
without blue marbhing ventrally, Notes of adveriisement ealls
panerally tomr fRA-25 Bl o itasssinsmasan o e
(ha) VMentral surface of hindlmbs m bife with braghn red anlos
o wartehral stripe: Venteally with irregular durk gl marb g
Veiteal skin shghtly evanalar, granites marked wath small white
spots. gl pencrally aboutas wide ns tomg. s
....................... CManidaeivius (ourentommanris) purlaeasius
(3by Veutral surface of iindhmbs withoor red color, Postenor
buck with beige-oranee vertebral stripe. Ventrally umformly
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i 6, Maximuom parsimony cladegram of'a plvlogenete analvsis of 34 Mulagasy anurn species based on the 34 charnelers lsted
m Appendie T The e s o stret consensas of 12 equally mest parsimoiogs trees: 324 steps, consisteney index 0,364 Species of
Hererixalus were used as outgroup. Numbers are bootstrap values in percent {2000 replications; yulues below 50% nol shown).

dark grey, someuwes with few light markings, Ventral skin

smooth. Head generally shightly longer than wide, ... .
....................... Mantidaetvls (Laiventomaniia ) virigts sp, o

Phylogenetic analysis

We analysed a total ol 54 osteological, morpho-
logical. etho-ecological and karyological charac-
ters as listed in Appendix 1, Osteological daty are
bused on cleared and stained specimens listed in
Table I, and on informations published previously
(Cilaw et al, 1998; Vences ot al., 998}, Non-os-
teological data were taken from the information
summarized in Glaw et al. (1998) and Glaw and
Vences (1994). Three species ol Heterivaluy { family
Hyperoliidae) were used as outgroup.

['he maximum parsimony analysis (Fig, 6) failed
to place Boophis as monophylum: all Booplis
specics were paraphyletcally arranged along the
lincage leading to Mantidacivius and Manrella.
Mantidactviuy and Muntella wgether formed a
monophyletic group, the two Lawrentomantis 1n-
Cluded were sister taxa nested within Manridacrvlus,
A cluster of three speeies of the subgenus Gepliyro.
munris were the sister group of Lanreptomantis,
Mantetle was also nested within Mantidecnidus, with
a species of the subgenus Guihemantis (M. jther)
as sister group. Laffosroma and Aglvprodacnius
were sister taxa., Bootstrap support Tor maost group-
mgs was low, mdicating their relatvely low reh-
ability,
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phylogenetic relationships among [rogs 1s limited
by the high degree of homoplasy allecting many
characters.

Vences et al. (2000} noted that basal relict oroups

among Malagasy anurans mainly oceur in dry wes-
tern Madagasear. and hypothesized that the ances-
tors ol exrant ramtorest frogs in Madagascar were
adapted 1o arid conditions. [n contrast, specializa-
tion to constant humid conditions is probahly found
in the Mantidactviny species without free-swim-
mme larvae: direct development 15 known in the
subgenus CGepfivromantis. and 1s probable at least
in some Lodrentommantis hased on the data presented
int the present paper (large egas, calling largely in-
dependent from waler bodhes). As no terrestrial
Tertiary lossils are known from Madagascar, the
classification of the Latest Cretuceous remuins as
described by Asher and Krause (1998) is of im-
portance to reconstruct the timmg of these adap-
tive radiations into rainforest environments, The
main fragments — an atlas and a sacrum — belong
o large frogs characterizced by o procoelous verte-
bral column and narrowly separated atlantal cotvles.
As mantellids are generally characterized as dipla-
siocoelous and having widely separated cotyles,
Asher and Krause (1998) concluded that the fos-
sils were related to the more basal Pelobatidae
(which has no extant representatives in Madagas-
car and Subsaharan Afmea). This conclusion 1s
sound, taking into account the averall archaic Cre-
taceous fauna of Madagascar ( Krause etal., 1997).
However, it mus| be noted that one of the largest
extant endemic Malagasy trogs, Mantidacrylus gur-
fulatuy s characterized by procoely (Guibé, 1378),
According to data presented here. this species and
the closely related M. srandidiers, us well as Aglvp-
todacryiugs and Laliostome, also have narrowly sep-
arated cotyles. In these species, the space between
cotyles is shightly larger than the width of one cotyle,
agreeing with the state shown by Asher and Krausc
(1998) in their fossil specimen FMNH PR-1961,
The hypothesis that the remains belong to Mundi-
dactyfus, and that mantellids were alreadv present
on Madagascar during the Latest Cretaceous, can
thus not be ruled oul 4l the present state.
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Appendix: Characters used for analysis

Charaelor £, Madial contact of nasals; (0] close medial con-
mel Between nusals, (11 nasals narrowly separated mediaily,
(20 nusils widely separated medislly:

Chearaeter 2. Squamusal, (00 Zygomilic process of squamosal
ot simtlar Ir,-nl._gl'h ot lenger f1var [IL1HII.:I"lI.’}I.‘ fothe ) process, (1)
zyaomalic process of syuamossl slightly shorter than posteriog
(tic) process, (2] zvisotnatic process o squamosal mueh shorter
than poslerion (o1 ) Provess,

Chieracner 1. Maxilla proercbital process ol pars Tascinlis (11 y
distinet triangular or ¢longate process at the level of palanines,
mostly dircewed posteriorly, (1) o small distnet mangular er
elungare process i he kevel of palatings, (2) process-nhsent or
very peduced

(harncter 4. Maxilla preorbital process, anterior part: () maxids
anterotly nen especially high, (1) maxilla anteriory with @
distingl process, separaled from preorbital process by a deap
aateh. 127 maxilla anteronly high, with u siimlar haght 1o the
prooritl process which s pratrudimg sull higher (5 muxidk

=,
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aitterioTly high, ::unlinumg  the level af the palatines: wit=
hout additional preorbaal process, (4) maxilla anterorty very
high, with two protruding processes, on antarior one and a second
U[{v at the level ot the palarmes

C haracter 3. Anenor end of maxilla: (0} concave, (1) convex
Characrer 60 Palatimes: () renching medially 10 vomerine
adontophore, (11 reaching medially turther thun odomophore
Charaeter 7. Vomering odontophore and vomerme teeth: (0)
eeth und odonrophare present, (1) weth absent or rudimentary,
pilantophore present bul very thin, (2) teeth and odontophore
ubsent.

Character 5, Masallary 1ol (0) prosent, (] ) absent.
Cheeranerer B Parasphenoid: (0) oot reaching palatines antariarly,
(1} reaching palatmes anteriorly.

(_haracter 11, Separution of atlantal cotvles: (0) wide ( distance
helwesn cotyles larger than theie width), (1) nareow (distanci
holwesn cotyles simatler than thelr waddh).

Character B, Vertebral éolumn: (8) procoelous, (1) diplasio-
giileliis

Character £2, Buse of omosteraunt: () unforked, (11 slightly
forked, the greatest spoce between the arms 18 less than half
the width of one arn, (2) moderntely Torked, the greatest space
between the arms is ence o ewice the width of one wrm. (3
brogdly forked. the greaest spute belween the arms 18 twi 10
Foar tiines the with of o amm.

Characier 13, Belotive omasternum length: (0} longer than
sternomd, {1 hof same length as stemum, 21 shorler than sternum.
Cfiaraerer fdl Base of stermum: (0} unforked, (1) forked.
Character 15, Imercalary element; (00 absenr, (1) present
Clicoraeser 10, Frov distal tarsals: (0 three free tarsals, the third
trsal bermy rather large, (1) three free tarsals, the thund 1arsal
beng smallo (2) three free tarsals, the third taesal bempe extramiely
smull, (37 Lwio Iree tirsals,

Churacter 17 Wamber of prehallog elements amanged in ane
o D (0 twe, (1) thimee, (2 Tout

Character 15, Addinonal prehallux element, feading to an axc-
shiape: () ahsent, (1) present, very smull. (2) present distinet,
{tgracter PY Ternunal phalanges: (1) not bilebed nor lorked
(e or less knob-like), (1yvery shghtly Wlnbed. (2)distmetly
bilobed or shohtly Yeshaped, (3) distnetly ¥Yoshuped.
Chargeter 240 Anterolateral process of hyoeid place. (0) absent,
{ 1) rudimentary, (29 present and distinet

Character 20, Posterolateral process of hvoid plate: (09 absant,
() rudimentary, (20 present and distinet

Character 22, Femornl glands in males (acconding o Glaw et
al. 20000 (0) absent, (1) gland type 1, (2) gland type 2. (3)
gland rype 3 04) gland tvpe 4.

Chargerer 23 Enlurged distal femoral eland section wilh extermal
central medum deprassion in males: (0} absent, (1) proesent.
Chorctoe 24 Fernoral glands in females: (00 whsent, 1) pre
senl s Tudiments

Charactey 25, Tibial glands (0} absent, (1) present inomales
(present or absent in females)

Charaerer 26, Nupual pads and reproductive hehaviour: (1)
nuptiel pads present (as far as kaown, stromg miating amplexus
and release calls present), (1) nuptinl pads ahsent (ns far s
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koeven, strong matng amplexus and release culls ahsent).
Chavaerer 27, Lgo deposition: (0] aquatic, (1) terrestrial
Charaeier 28 Muamuem pumber of Cous laid by one femaile:
(O = OO0, (1) 500- 1T (2 FO0-S00, 43 < 100,

Character 29 Maximoum dinmeter of cpps or mature cocvics
- eravid lemales: (0 1-2 mm, (1) larger than 2 mum
Chararter 3. Tadpole momphalogy: (0) generalized adpole,
(1 pspocialized phytatelmons tadpole, (2) funnelmoulh tadpele,
(3} speeinlized tadpole with probably filtering mouthpurts, (4)
(probablyy direct development.

Clherncter 24 Larval development me (09 Iroe lentie water, ()
free lotic water, (2} phyviotelmes or tee hales, (3) (probabiv)
vilanie lnee witer

Characrer 32, Culling setivity: (1) mamly diwrnal, (1) digrnal
gred nocturnal, (2) mamly noctamal,

Character 33, Habts: (0) terrestmal/seminguatie, (1) scansonal,
(2} arboreal.

Cherraeter 240 Cirenmmarziial groove sventrally oo Onger and
tee pads: (O absent or incomplete, (1) complete.
Chuvacter 25 Fingemps: (1) ot enlaged, {1 slightly onlenged,
21 distinetly enlarged

Characrer 30, Relative linger length: (0 second tinger lonpe
than Fivat Doger. (11 Gestand seeond nger of similar length,
(<1 first finesr longer than scéond fnger,

Chiradter 37, Relative toe length: (0) tifth toc longer than thicd
fere, (1 B and third tog of st Teneth, (2) fifth toe shorter
than third tog,

Charocter 28, Laleral metatarsalia; (0) separated by webbing,
C1) parlly commected, (2 connectad

Chirracter 3% Webbing hetwesn finpers: (0) prescal and distined,
(1} absent or almaest abseny,

Charactor #0, Trnar font 'L:.'ehhij'.g at foigeehs toe: () 0-1 plutlinges
free ofweh, L1y 1252 phalanges [ree ol web, (2) 2.5-3 phalang es
ITee of web, [3) no foor webhing.

Charaerer 41 Omter metaarsal tubercle: (0 abyent, (1) pre-
seit

Ciavaerer 42, Outer metacarpal wocreles: (0) sinple or indvsrine:

(11 double and gromment

Ciergeter-4 4. Relative oot length; (0) oot longer than tibia

(1) foot and thia more or Tess of same length, €29 Teor shorler
than bl

Cirarcier 44, Relative lindlimb lengrh: nhiotarsal armculation

mostly redaches: (1) between tvmpanim and eye, (1) beyond

eye, not bevond nostml, 2 bevond nostril, not beyond snour
lip: (3] beyond soour tp

Chavacter 45, Sexual dimorphism in relalive lympanum sive;

(U tvmipanm of similar size in males and females, (1 ) tympanum

distinetdy Lrpar io malés than in lemales

Chireieder 460 Thermal spaes or prominent granules ahnve eyes:

(UY absent, (1} presemt

Characier 47, Posinon ol mesteils: ) nearer to eve than o

stoul b v midway between exeoand spour tig, (2] nearer 1o

sneut up than W ewe.

Chiraeter 48 W oeal sac: (05 single or slightly bilobed subgular,

(1) parred subgular,

Character 4% Voeal sac calor, (D) ne conspieuons volur (not
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clearty dilfering from genersl venral coloration), (1) bladk, Chargeter 520 Cellular DDNA content; (0 aronnd modal valiee.
{2y white. Py distinetly teswer than modal value

( haraerer S Vaoeal sae inflation: ((H woeal sue shightly disten- Charaeter 33, Karvotype: (0) 2n=26 chromosomes, (1) 2n=24
sible, (1) vocal sac largely distenzible, chinmosomes

Chernerer 30 Dorsal sking (0) smoorh, ( 1y slichtly gramular, {haencter 340 Acrecentne chromoesomes; (1) absent, { | ) present,

{2) moderately Lo coarsely gramulaer.



