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The taxonomy and distribution of Malagasv frogs of the Mantidaciylus
asper group (included in the subgenus Gephyromantis) is revised. The
group is considered to include Mantidactylus asper, M. spinifer, M.
luteus, M. plicifer, M. sculpturatus {which is resurrected from the syn-
onvymy of M. luteus) and a new species described herein, Lectotypes are
designated for Rana aspera Boulenger, 1882 (Mantidactyfus asper),
Mantidactylus ceratophrys Ahl, 1929 (junior synonym of M. asper} and
Rana plicifera Boulenger, 1882 (Mantidactylus plicifer). M. asperand M.
spinifer are characterized, among other features, by a distinct black-brown
contrasted ventral pattern, presence of an outer metatarsal tubercle, and a
moderate amount of webbing. They are apparently allopatrically distrib-
uted, M. spinifer occurring in south-eastern Madagascar and M. asper
inhabiting eastern and north-eastern rainforests. M. futeus, M. plicifer and
M. sculpturatus have a largely uniform light venter, lack the outer meta-
tarsal tubercle and have more extended webbing. A reliable distinction of
these three species is only possible in adult males, and is based on
differences in femoral gland size and advertisement calls. M. luteus is
mainly distributed in lowlands along the Malagasy easl coast, while M.
sculpiuratus appears (o be restricted to mid-altitudes. M. plicifer has been
found sympatrically with M. sculpturatus and M. luteus, and is known from
the south-east. The new species described herein shares characters with M,
asper and M, spinifer (presence of an outer metatarsal tubercle) and with
M. luteus, M. plicifer and M. sculpturatus (uniform venter. extended
webbing). It is only known from Mentagne d’Ambre in far northern Mada-
gascar.

A molecular plwlogenetic analysis based on partial sequences of the
mitochondrial 165 rRNA gene supported monophyly of the M. granulatus
group and of the M. pseudoasper group in the subgenus Phylacomantis,
and of a clade containing M. luleus, M. plicifer and M. sculpturatus. In
contrast, the M. asper group and the subgenus Gephyromantis as a whole
appeared to be paraphyletic. The obtained trees indicated a possible
evolution of the direct-developing lineage from brook breeding ancestors,
and a reversal from direct development in M. granulatus. Although these

1. Address for correspondence: Zoalogisches Forschungsinstiut und Muscum Alexander Koenip, Adenauc-
rullee 160, 23113 Bonn, CGermumy; <o vencesidat-mnlnes de=.



(18 ALYTES 19 (2-4)

aspects received no relevant bootstrap support, they constitute hypotheses
of great interest for general gquestions on amphibian evolution and should
be tesied with extended data seis.

[NTRODUCTION

The Malagasy genus Mantidacsylus currently contains more than 70 species which show
a laree diversity inmorphoelogy and reproductive biology, Dusos (1992) and Geaw & Vencrs
(1994) divided the penus into a total of 12 subpenera, reflecung Lhis diversity. Major charac-
teristics of all Mantidaesvius include the absence of nuptial pads in males (and, as far as
known, of a4 strong mating wnplesus), and the deposition of eggs outside the water in
all species studied so [ar (BLOMMERS-SCHLOsSER, 1979). Most species additionally have
speciabized femoral glands on the ventral surface of thizhs (Graw ¢t al., 2000), especially
males.

Graw & Vevers (1994) distinguished three major clades within Mannidacrples, One
sroup containg mare or less arboreal species which mostly deposit their cggs on leaves above
Lhe waler surface; their tadpoles are rather generalized (suhgenera Blownmersio. Guiliemantis,
Fandanusicola, Spmomemisis). A second group consists of brook-edge-dwelling species. the
larvae of which often show speaalized mouthparts (subgenera Srygoomaniis. Chonomianis,
Hylobamrachus, Maniidactvins, Ovhthomantis), The tUnrd assemblape contains three subge-
nera {Geplvromaniis, Laurentomeanus, Phyiacomantis): while Phyfacomaniis males usually
call alane hrooks and at least some species have [ree-swimmimg larval slages, callme males of
most Lanrentomaniis and Geplyromontis do not aggregate around water bodies, and direc
development without free-swimming larval stages has been demonstrated in two species,
Manticheetvius asper and M. eiselrl (Brovvers-SciuLosser, [97% Goaw & Vixces, 1994,
Drue to this reproductive diversity, studies on these [Togs have the potential to contribute to the
nnderstanding of the evolution of direet development and other specializations in anuran
reproductive biology

(ne basic pre-requisite for such studies, however, is a detatled basic knowledge on the
species taxonomy and distribution (Graw & Vexces 2000}, Distnbutional data of Malagasy
Irows are larpely based on the monograpll of BroMmers-Scinosser & Branc (1991) who.
however, mostly did not recognize siblimg species and gave no voucher specimens [or the
localities plotted on their distribution maps. Apart from type specimens [rom other collec-
tinng, their work was based almost exclusively on the collecuions housed at Amsterdam and
Paris.

In the present paper, we review the Manfdacrvlus asper group, a phenelic species
assembluge in the subpenus Geplvromaniiy, distinguished {rom other Muntidaciving by
reproduction independent from water, mainly necturnul calling behaviour, largely separated
lateral metatarsalia, and black paired subpular vocal sacs in males. We re-exarmmned 1he
material available o BLoMMIrs-Scimossrr & Biraxe (1991), and complemented this intor-
mattion by own lield observations,
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MATLRIATLS AND METHODS

ARBRUVIATIONS AND MEASUREMEN 1S

Vocalizations were recorded using portable tape recorders with an external microphone
(Vivanco EM 238%) and were analyzed with the MEDAY sound analyzing system Spektro 3.2,
Ihe following morphelngical measurements were taken with a cabiper lo the ncarcst
0.1 millimeter: 8V1.. snout-vent lenath; HW, heud width; HL. head length: ED, horizontal eve
diameter: TN, eyve-nostril distance; NSD, nostril=snout tip distance: NN, nostnl-nostril
distance: TD. horizontal tympanum dismeler: HAL, hand length: FORL, forchimb length:
HIL. hindlimhb length; FOL, foot length: FOTIL, toot length including larsus: IMTL and
IMTIL length and height of inner metatarsal tubercle: TL1, lenglh of first toe. Statstcal
analyses were carried out using SPSS for Windows. version 10, We pertormed Mann-Whitney
[/ lesls 1o test significance of inlersexual differences in size and morphometric ralios
(TDVSVL, relative tympanum diameter; IM TL/SVL and IMTH/SVL, relative size of inner
metitursal tubercle: FORLASYL. and HIL/SVL, relative length of fore- and hindlimbs), and
ol interspecific differences in selected morphological variables and ratios. Measurements are
aiven as range with mean + standard deviauon i parentheses.

[NSTHILITIONAL ABBREVIATIONS

BMNH. The Natural History Muscum, London (formerly British Muscum of Nalural
History): MNHN, Muséum National d'1listoire Naturelle, Panis: MESN. Museo Regionale
di Scienze Naturall, Toring: MSNG, Museo Civico *G. Doria”™ di Storia Naturale, Genova:
MTKD, Museum fir Tierkunde, Dresden; TM, Transvaal Museum, Pretona; LIADRBA,
Université d Antananarivo, Département de Biologie Animale; ZFMEK. Zoologisches Fors-
chungsinstitut und Museum Alexander Koenig. Bonn: ZM A, Zodlogisch Museum, Amsier-
dam: ZMB. Musewn far Naturkunde, Berlim: ZSM. Zoologische Staatssammlung, Miin-
chen, The catalogue numbers of voucher specimens housed i the ZMA are given as the jar
number followed by the field number of R, Blommers-Schléisser. since they bear no individual
ZMA tags,

TAxONOMY

To avoid confusion by wtoducing working definitions (operational taxonomic units)
and assigning them to specific names ina second step. we decided 1o anticipate our taxonomic
praposals and use consistent names throughout this paper. This mainly rega rels: (1) the
recognition of the Montagne d"Ambre population previously considered as Mantidactyvius
plicifer by Bromsers-SCHLOSSER & RBranc (1991 oras M. el asper by Graw & VERCES [ 1H4)
a5 o new species which is deseribed herein; (2) the re-defmition of Mantidactyius plicifer asa



110 ALYTES 19 (2-4)

species of usually rather large body size and with large and distinet fermoral glands [rom
south-eastern Madagascar: (3) the recognition of mid-altitude edastern populations previously
assigned 10 M, Jutens by Graw & VENceS (1994) as a distinel species M. senlptivatus. These
decisions are largely corroborated by high genetic divergence levels between the species
recognized, by the morphological dilferentiation of the new species from Montagne d" Ambre
and hv the morphological and bioacoustic differentiation and syntopic eccurrence of M.
seulpturatuy and M. plicifer at Ranomatana. More detailed justifications are piven m the
respective fdentity and Dicenesis sections below,

MoppHon OGICAL TERMINOLOGY

Webbing formula is given according 1o BLoMMERS-SCHLOSSER (1979), Femoral glund
morphology 15 deseribed according to Graw et al. (2000). Most Gephyroneantis specics are
characterized by & number of dermal spines, tubercles and ridges. The arrungenent and
degree of expression ol these structures is oflen important for specics definitions snd
nrobably also bears relevance for the assessment of phylogenetic relationships ameng species
and subgenera in the genus Mantidactylus. To refer unequivocally to these structures, we here
define a number of terms (g, 1)

(1) Frier-ocdar tuhercles. — On the upper surface of the head, between the eyes, a number
ol tubereles are present in many species. These are generally arranged symmetrically, either as
Ane pair or ds Lwo pairs, and should nol be mistaken with the unelevated black miter-ocular
spots us present in M. fewcomaculatuy ( Fhvlacomantis). In several Pivlacomeantis (M cornu-
s, M. redimius. M. randreka, M. ischeoki), one pair of rounded, black tubercles are
senerally present. On the coatrary, in M. agper, M. spinifer and the new species deseribed
herein (Gephyromantis), the tubereles are generally not rounded but rather longitudinal and
ridge-like: often. two pairs of such tubercles are present which sometimes appear to be a
discontituous anterior contimuation of the inner dorsolateral ndges; and sometimes. 1 M.
spindfor, these ridge-like tubercles are fused Lo form a symmetrncal ligure (hg. 1).

(21 D dorvsalareral ridvex. — As a constant state in all species of the M. asper group, bwo
lurgely continuous ridges start above or up Lo 4 mu behind the eves and run medially onto the
anterior back. Here thev either continue straight dorsolaterally onto the posterior [uurth of
the back, or curve slightly towards the Nanks and fade.

(3} Onter deorsotuteral ridees  In all species of the M. asper group. a second pair of
dorsolateral nidees runs laterally of the inner dorsolateral ridges. Ofien this second pair is not
continuous and poorly defined.

() Connecting dorsal ridee. — In some M spingfir, at the pomt of maximum convergence
ol the inner dorsolateral ridpes on the anterior dorsum, these are connected by a short
Lransversal ndge,

(3) Supruocidar spines, — Above the eves, distinet dermal spines are usually present i all
species of the M. asper group (and i several Phylacomantis: c.g., M. cormietus, M. redinitus,
M. rschenki), althoueh they can be small and indistinet in the new species deseribed herein: In
contrast to the rather rigid dorsal ridges, these spimes are flexible

VENeES & Graw |11

- s, A
& o r - -“-.-.il". 1=t e =
T'..b,- e = iy . -__.__._ ;F s3 ~ R " .ﬂ I_. h-\-:\.: - ::__:'_:‘:E-
b a T M bR L Lt ol i S
I \“m T, i g
\I /, Vo T oty : HEP 3 o
HaP msp-"'""’ HaP
Fig. | Partiad dorsil views (head and anterior body and hindlimb) o three epresentative species ol Lthe
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(center), fomale MNHN 1972,1431; and M. ambaodiiera (right), lemale MNHN 1893 245 The arrows
mark dermal struetures which are described in the text CDR. connecting dorsal ridps; HSP, heel
spines LDR, inner dorsolateral ridge: 10T, inter-ocular tabercles; ODR, ouler dorsolateral ridge:
SOSE suprocular spines; SOT, supraocular tubercles; TASE, tursal spies Not 1o scale

L0 Supraocular nhercles. - These are homologous to supraccular spines but less clevated
and not peinted.

(7 Heel spine. — A long or short spine may be present on the heel, Sumlar 1o the
supraocular spincs, the heel spine 18 a dermal, flexible structure, Beside the M asper group, it
is also found in several Phvlacomantiy and in species ol the penus Soaphis (g, B moadagas-
Cariensis)

(8) Tarsal spines — A number of smaller dermal spines ure sometimes arranged at the
posterior cdge of tarsus: Species with tarsal spines always bear also i distinel heel spane.

13y Hrmeral procwberance. - A well known synapomorphy of Mantiducivius species are
the femoral glands on the ventral surfuce of the fomur (Graw et al., 2000). In several specics
of the M. asper group (M. hutews, M. plicifer, M. spinifer), we observed a prominent structure
on the ventral side of the humerus, too (fe. 2), By dissection (mternal view; GLaw et al.,
20001, we noted that this promimence was nol caused by enlargement of’ skeletal or muscular
tissues bul lurgely dermal. and sometimes contained o gland-like clement at its most proii-
nent part. Without further histological analvses we are unable to state whether this structure
s actually a eland, and thus here reter Lo o as humeral protuberance. 1L is best visible m
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Fig. 2. — Lei: venirul views of a male {ubove; MNHN 1972.1462) and a temale (helow; MNITN
1972144 ) of rhe forelimby of Manridaensles smintfer. The urrows mack the humeral protubgrances
Nole alse the strongly contrasted ventzal pattern in hoth sexes. Righle ventral views ol a male (above:
MINHN 1972.1436) and a lemule (helow: MNHN 19721431 of the forelimb ot M plieifer In this
species, the humeral protuberance is versy distinel momules bul apparently absent n females

Manrticactylus plictfer and M. futeus, where a clear sexual dimorphism exists (no protuberiance
recoenizable in females: fig 2). In other species, e.g. M. spintfer, a weakly expressed humeral
protuberance appears to be present in males and femuales (lig. 2)

MOLECULAR ARND PHY LOGENETIC METHULS

Tor sumple data on genetie differentiation and phylogenene relationships. we sequenced
fragments ol the motochondnal 168 rRNA gene of up to 567 base pairs (bpl, using primers
and protocols piven by Vences et al, (20009, in species of the M. asper group and of related
faxa. Uhe corresponding voucher specimens and EMBL/Genbank accession numbers are:
Mantidaetyivy asper, UADBA-FGIMY 2000017, AJFI4R02 AL lwews, ZFMEK 66674,
AER215313. M. plicifer, ZFMK 62306, AT314800, M. sculpturatus, ZFMEK 62304, AJ3 14799,
M. bowlengeri. ZEFMRK 66672, AF215318; M. corvus, ZFEMK 70494, AT2153320; M. cb
pencoasper, MSNG 49087, AJIL4R03, M. miefagasing. MRSN AT991. AJ314797; M. aff
mafagasius, MRSN A L9385, AT 4796, M. pranwdates. Z5M 6452001, AJ314794; M sp. n
(Tsaratanana; new species close to M. gvmuddaruyy, ZSM 6272001, AJ314795: M. lencomacn-
iy, ZEMEK 59953, AV 14505 M, cornnitus, L8M 308, 2000, AT 14798, M. tsehenil, FFMK
H2006, AN31AR06: M. tandroka, ZFMK 59894, AJ34802, Boophis xerophilus (ZFMEK 667035,
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AF215335) and Manticlaetplus liber (subgenus Guibernan i, ZSN 4912000, AJ3 14501 ) were
used ds outgroups. Sequences of the new species described below were obtamed from the
specimen MTKD 37424 and have the Genbank accession number AF215327,

Sequences were aligned using the CLUSTAL algonthm in SEQUENCE NAVIGATOR
(Applied Biosystems); subsequently, the alipnment was adjusted by eve: A total o’ 33 hase
pairs of the hypervarible region could not be reliably aligned and were excluded from further
analysis, The alipned sequences were submitted to analysis using PAUPY, version 4.0 (Swok-
rorD, 2001), We used MODELTEST (Posapa & Crasxpacl, [998) to estimate the model of
sequence evolution for g Muximum Likelihood (ML) phylogenetic reconstruction. We addi-
nonally performed Maximum Parsimonv (MP) analyses, using the heunistic search oplon
with [ree-bisection reconnection branch-swapping. and Neighbor-jommg (NJ) analvses, with
LogDet distances which are robust against possible varation of sequence evolution among
lineages (LOCKHART et al, 1994}, In the MP analyses. we coded gaps as fifth state, but also
performed additional searches excluding all characters with gaps in one or more specics, We
used PAUP* (o test for the presence of a significant phylogenetic signal by a pernntation-
tailed-probability (PTT) test with 100 replicates, and for homogeneity of base frequencies
ACTOSS SEqUences

REstTs

SPECIES ACCOUNTS

Muantidactylus asper (Boulenger, 1882)

(fig. 3a-b)

Rana aspera Boulenger, 1882, — Name-bearing fype: leclotype, by present desipnation, BMNH
1882 3.16.80, adulr male collected ty W, I, Cowan, SV L 278 mm. — Type focalily: "Lasl Belsileo™
decording Lo original description.  Cdher tepes: paralectotvpes, following present lectotype designa
tion, BMNH 1852.3.16.81 -9, sume collectme duly as lectotype.

Mungidactyluy ceratoplieys Abl, 1929 Name bearing tope: lectotype, by present designation, ZMD
10443, ndull femade, coltected by 1 M. [hildebranduaccording toorpinal descripnion. — Tvpe facaling:
“Bewsileo” according (o ongmal description. — Other types; panalectotypes, following present
lectotvpe designation, ZMB 10444 and 30201-20502 ) three adult females with same collecting dits
s lectotype

Carments. — (1) Considerig the existence of at least one new species in the M. asper group as
described below i appears inportant for taxonomic stubality 1o define single name-bearing
types tor all taxa m the group. Fellowing tlus ratonale, we here designate lectotypes lor M,
asper and its jumor synonym M. ceradophrrs. Detailed morphological measurements of these
leclotypes are givenin tab. [, (2) Beommers-Scneossce & BLaxe (1991 ) hsted the specimens
“BMNH 18823 16.80-82, 83-86"" as synlypes ol M. asper. The number “3167 in this mention
s certainly a typmg error for “3.167, Beside BMNII 1882, 5. 16.80-81, all specaimens of Lhe
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Fig. 3 - Photographs of Mannidactyles gsper, male from Ankentheny (ZFM K 607&9), in dorsalalerdl and
ventral views (u-hiz ol Manrdae v ambohiira, male holotvpe from Montagne d’Ambre (£5M
| GRS, 200 m dorselators] and ventrd views (o-d )z and ol tweadditional specimens of M aahohitrg:
renmale ZFMEK 37419 o) and a calling male speamen (not collected), photographed by 1 Kohler (f)
foth trom Montagne 4" Ambre,

veries BMNIT 8823 16,8390 are labeled a8 syntvpes of the taxon in the London muscum.
We examined four specimens of this series which were nol mdividually numbered. We could
not locate the specimen BMNH 1882 3 1682 in the London collection: it may have been
exchanged or used [or osteological examinations, It can bhe assumed that the series of
paraleclotypes (according to present lectotvpe designation) conststs of at least nine, possibly
terl specimends — (3) Bromserns-S0H0 085k & Brase (1991) stated that the type of Mantiduc-
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evduy corgtophires Ahl 1929 was lost. [n the meantime, tour original svatvpe specimens have
been rediscovered in the ZM B collection (lectotype and paralectotypes according to present
Aes1INATION ).

Muterin! oxanmed. - BMXH 1882, 3. 16,80-81, 18823, 16.83-R6 (Fast Retsileo, lectotype and parilecto-
typesh DMNEL 19257, 2. 29 (Antsihanaka |, BMNIT [928.5.9, ] (Brickavilleky, MNTIN 1972.337-358 (Tsa-
ratanana); MNTIN 19725359360 | Mandraku), MINTIN 1972.874-376, 1972 378-583, 1972.386-591 { Tsa-
ralonura ), MNHN 1972 584-385 (locality uncertaim); MNHN 1973 905 { Maroec sl 13000m; MINHN
1975313 (Marcjepv), MNHEXN 975317 (o precase Jocalivy ), MNHN 1975318 (Murogegy, alt, 1300 m);
MNHN 19753193200 (Marojemy, alt. 2000 my: MNHN 1975321 (Mandrakn), ZFME 62236-02237,
62240 (Mantadyy, ZFME 62305 |Ranamafana), ZEME 60789 { Ankeatheny ) ZMA 6867 985-4990 and
ARAE 470 tAndasibe) ZAA 0894 36, 68U3 3T6-3X3 and 6595 480-4%2 (Mandraka ), ZMA BEYT.H06
(Andastbe) AMB 530350130502 and 10443- 1 (444 ( Betstleo, leetotype and parulectotypes of Manridary-
s cevaraplivvs)) ZEN A0 2008 wnd UADRBA-FGAMY 2000 17 {Mandraka}

Morphology ard dicgnosis. — The following morphological desenption 15 based on the tvpe
series, and on "-‘uin'CirTIE'IH from central eastern Madagascar (Mandraka, Andasibe, Mantady,
Antsthanaka, Brickaville). Specimens from these localities form a well-defined homogencous
cluster, although several characters (expression of dorsal tubercles and ndges, relative lind-
limb length ) are subject (o considerable indmadual vamation, Other alinbuted specimens are
discussed in the section on distribution,

Inner dorsolateral ridges prominent: ether contmuous (eg. i ZMA GR6T 9N or
discontinueus (e i ZMA 6867 9589, slarting 1-3 mm behind cves No connecting dorsal
ridge 1n the specimens examined by us, Outer dorsolateral ndges generally present, bul ollen
nol continuos, appearing as dn irregular series of short folds and rtubercles, Oune or two pairs
ol distinet more or less prominent ndge-hke interocular tubercles. Additional smaller tuber-
cles and short ndges on the Jorsum ol most specimens. Dhistinet supraocular spimes i all
specimens, two of these being cspecially large. A distinet heel spine; tarsal spines senerally

teluced to small tubereles. sometimes not recognizable (&g, in several specimens of the tvpe

series), Femnoral glands usually visible 1in males, but not very distinet or prominent, Vocal sac
patred subgular. No clearly recognizable humeral protuberance i either sex. Webbimaz mmaost
spectimens repching shightly bevond the first subarticular wibercle of the fifth toe: webbing
lormula 5(0.5) to 5(0.75), One inner and two outer metacarpal tubercles, the latter in contact
with cach other. A laree (males) or medium-sized (Females) inner metatarsal tubercle and a
distinct, small to medium-sized outer metatarsal tuberele.

Signihicant or near-sigmificant intersexual differences were found in SVL (Mann-Whitney
Crrest, P=0.06), mrelatve length of the inmer metatarsal tubercle ( 7 < 0.005), and in refative
Lympaoum diameter (£ < 0,05), but not in relative height of the inner metatarsal tubercle or
limb length. Males had larger relative tympanum sizes and longer inner metatarsal tubercles
thian females, Maleffemale size ratio was 97 ',

Colorarion. — In.preservative, dorsal coloration gencrally brown. with more or less svmmmeln-
citl light brown or dark brown markings. Tn ZMA 6867 988, dark brown vertebral area
enclosed between mner (anlenor dorsum) and outer (posterior dorsum) dorsolateral ridges,
and heige flanks and areas lateral to the ridges, the beige color starting as narrow dorsolateral
hands above the eyes. Hindlimbs brown with dark brown crossbunds, A thin hght vertebral
line in ZI' MK 62236, Head laterally brown, including the lips, with some rather indistingt
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dark brown markings Ventral side white on the chest and, wn females, on the throal. more
cream on the posterior belly. Throat in males hight brown with a distinct central white
longitudinal stripe, und with bluck lateral color coineiding with the inflatable parts of the
vocal sac. In females. indistinet but sharply dehmited brown vermiculations on throat and
chest, Limbs ventrally hght brown, with some darker patiern at the edyes,

Disiribution. - Beside the specimens from central eastern Madagascar, we also assign (o W
asper cather than o M, spmifer one subadult male from Ranomaluna (ZFMEK 62303 vocal
sac not visible, but throat laterally already slightly black colored) based on its smaller size,
ventral pillern. and expression of rnidges and tubercles, The situation is more dillicult for the
available material from the Marojejy and Tsaratanana massils m northern Madagascar. T'hesc
specimens are larger than typical M. asper, have more weakly expressed spines und ridges
(supraocular spines reduced to tubercles in most specimens), und a very weak ventral pattern
In part, they thus remind speciniens from Mentagne d’Ambre which are described below as a
new species. However, the low amount of webbing (at fifth toe consistently 1.75-1), as well as
other characters constitute a disunct difference to that specics, and support the tentalive
inclusion of the Tsaratanana and Marojely populations in M. agper Despite low number of
females in this sample (only two specimens), the inner metatarsal tubercle is significantly
relatively longer in males (P < (.05, tab. 2-3). Male/female size ratio 15 99 %,

Summarizing, the species is known from the following precise localities: (1) Tsaratanana,
(2) Marojejy: {31 Antsihanaka: (4) Brickavalle: (3) Mantady; (6) Andasibe; (7) Ankeniheny: (8}
Mandraka: (9) Ranomatana. Fxcept for Brickaville, which is located close Lo sea level at
the cast coast, all localities m the central east arc at mid-elevations, ranging from ca. 70 Lo
1200 m. Mearojery spectmens are catalogued as onginating from an elevatnional range of 1300-
200 m.

BLomMmirs-Sermossrr & Brasc (1991) additionally recorded (he species from Les
Roussettes (Montagne " Ambre) and Ambatolitoharanana. Specmens [rom the Tormer
locality are here attributed to the new species described below, while the voucher specimen
[rom Ambatofitoharanana (MNHN 1975.313) cannol be reliably atteibuted to any described
species (see section at the vod of the species accounts).

Natural hivtory, — Calling males were observed during the day on the ground (al Ankeniheny)
and after dusk from branches ubout 30 cm above the ground (at Mantady and Mandraka). Al
Ankeniheny, they were mamly found close to a swumpy brook. while they called far from
water bodies ul Mantady, and close to a tiny brook at Mandraka. Yoeal saes did not remain
nflated between notes. Each note was one expiration.

Acvertisement call. — Calls were recorded at Ankeniheny on 18 February 1994, 17,15 h, at

255 air temperature. They consisted of seres of single notes or series of nole groups of

2-4 notes cach (fig. 4). Note duration was 3-13 ms (10 + 3 ms 1= 8), duration of intervals
hetween notes was 36-81 ms (66 + 11 ms, # = 6), Frequency was 1700-7700 Lz, dominant
[requency 3200-4200 Hz,

Similur calls were heard alter dusk on 10 February 1996 at Mantady. Only series of smgle
notes were heard (note repetition rate 1.3-1.4 per second). Frequency was about 2000-
000 Hez, dommant requency 3500-4500 He,
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Fig. 4. Sonapram and oscilloprim of @ call (series of Tour noles) of Maedidaenvduy asper Trom
Ankeniheny

Calls Mmom Muandrakas (recorded by R. Blomumers-Schldsser in December 1972 at 17,00 h)
WCTe sertes of note groups (up to 7 notes per group). Note duration was 13-20msi16 + 2 ms,
n=4), duration of intervals between notes 72-80ms (75 = 2ms, n = 7). Note groups with 4-7
notes had a duration ol 323-494 ms (386 £ 69 ms, # = 51 duration of intervals between note
groups was 626-733 ms (684 + 44 ms, n = 4. Frequency was [800-6000 Hz withow
recoemzahle dominant freguency.

Mantidactylus spinifer Rlommers-Schitsser & Blanc, 1991

Menticlaectviis spriferuy Blommers-Schldsser & Blanc, 1991 - Nane-bearing (ype: holotype, by original
desipration, MNHN 19721450, adult male collected by C. P Blanc in November-Decemnber 1971
accordimg o MNMNHN catalogug.  Lope focaling: “Chuaines Anosyennes™ gecording 1o origina
description; “Camp 1Y, Chaines Anosyennes” according to MNHN catalogne — Pararipes: MNHN
1972 1440 and 19721470, adult female and male

Marerigl examined.  (Lyrypes and topatypaeal materiah MNHN 1972 1450 halotvpe, Camp [V, Chaines
Anogsyennes), MNHN 1972, 1440 dparutype, Camp IV, Chaines Anosyvennes), MNITN 19721470 (pura
Lype, Autbune-Cump IV, Chaines Anosvennesy, MNTIN 197201439 1972 0443 1468 (Camp TV, Chaines
Anosvennes); (2) further material: MNLIN 1972, 551-554 (Ivolibe, Marovitsika forest),

Murplology amd diagnosis.  Beside the three type specimens designated by BLOMMERS-
SUHLOSSER & BLaxe (1991), mine males, thirteen females and four juveniles from the same
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[able 1. Muabomeric meserornent Ll o mo of same beariag o in he Mawdacrdis asper group, Bt abbreybilioes ol mensyred variahles, v
Mpferialy o metkagsy other abbeevistione wsed aee B onatey, Ffemaley, BOL grolacive odlimb lingfh gives the positior reached by fhe
phincmsal erticulntion when the buenbhueh s odpessed slong, te biedy

series und peneral locality were available Considering this material, the lollowimg updated
description of M. spinifer (based on the topotypic material only) can be provided, Identity of
ather specimens is discussed in the section on distribution.

AT i AEmtndarhln unnoess SRR LY IR (AT
. : ‘ . . Tzxan L‘j::: :E"T;L_ s u'-:-,u-'nl'_m O lommers-Sohlcsse: ambodeirst nf:::n':n::!'r;;: n'm‘pmffll:m
Inner dorsolateral ridges prominent, starting -2 mm behind the eye, Dorsal connectng i ABl, 1939 & Bluse, 901 g | AbL 1524
i i - - i3 ’ - x . 1 R ey Sl Tl . T 1 L=y Hishil s [llvegyped 1 pemrn Hakivnn
ridge present in some specimens and completely absent m r.}the_r:._ Outer dqrmlata.ra] ricdges el Jenpe. L e ||| o Awi e i
senerally present, but mostly not continuous and poorly defined, oflen appearing as un o M E M u “ 3
i i 3 IR G B H X B =VL 5.3 LLLA] = ] s B
irrerular senes of short tolds and wibercies, One patr O Aishmel and vary pro - v 5 ' 3 IE3 134 8 18
irresular series of she ld | tubercles. One | f distinet und very prominent ridge-hike -
' ; Tada . ! N W] i = L 3 14 ([ ol | 1= 7 151
imterocular tubercles, u second, less distinet anterior pair ollen being also visible; the WO PaiTs i s o = e i :
sometimes (using 1o a single svmmetrical structure (fige 1) A large number of additional o s 37 . o ' o
irrcgular tubercles and short ndges seatiered on the dorsum: Distinet supraocular spines 1 all kil 3 o i o ! | o4
: 2 : e ' b ot : 5 G0 LI, N ) 2 £ 24 L i
specimens, two of these being especially large. A distinet heel spine and a line of 2-7 distinet ne i R . = oy 2l
tarsal spines. Males with very distinet and rather prominent femoral glands, Vocal sac paired AL a3 % s i s | s
1 = A = : HIL (R L ARs W WL v
subgular A weakly cxpressed humeral protuberance in both sexes (fig. Iy, Webbing in most i o P o e e 31
o e i "l : 1 ] J BT 13 [h= oK
specimens reaching distinetly beyond last subarticular tubercle ol Glih toe, but not reaching b 1) s i3 13 Lo |4
toe dise: webhing formula $(0.25) to 3(0,75). One inner and two outer metacarpal lubercles, 1 0 09 i 3 1 s N8
Lol ] . . . ALk, T—I 1] r = 5
the lutier two in contact with each other. A large inner and a distinel. small Lo medium sized ) : : it _ 2 )
' # ot e =
L ['I]f.'li'lL'r.‘lr'ﬁiil |l]bC|'ELE. ll-jiu: e oo Lin neeril wideZy heyanid s lip | sy beyers smeat p bekumd suvu il barand sl iip
Morphometric measurements are given in lab. [-3, No significant sexual dimorphism
was Tound in relutive Torelimb length (P = 0.5), but the remaining variables tested showed
significant differences between sexes: females were signilicantly larger (mean male/female st
' Ui S 3 ative hindli < 0.05), and smaller relative
ratioc Dby £ nﬂ:ﬁL had-gharier 1eAtive h]ndll”lbs 'F s B 3 Taale I, Mormlbameny spesucemsents (all inmmg nf male snecrmensd of spected i e daanarrs ey mgwer gmaey Ahbrovialbios as gl g el gl

tymipanum sizes {2 < (.01} Relutve length and herght of the mner metatarsal tubercie were
also distinetly smaller in females (P < 0,001,

avettezols md i capeior o @i L The measwscmeiss of A asgpey arg given seounnely tor populabions fion orth-sasten’ (N5 Tearcamama, Saropgy)
ared eerdral duedvpn (O] Madspaszar w sthe nwemner of messursd spidivnons, Mensrements re given s i = staidaid deviation rangs in
partwlses): Relmie Fiitlimb fengih (REL) i3 coded nz follbwve: when alpresisl olang body. dls ulkiarzal srbcalanon rmches () the noitrl, (2
the srwsul by (3 beeyosud Bie armuct fip ar £2] wicleby fe yonil the siocl 2.

¢Colopation, — The following description is based on preserved specimens only, as no color

pictures of living specimens were available. Dorsal coloration with various tones of 'E:lri_.‘nwn.
cencrally arranged in longitudinal patterns. Narrow or broad brown bands sometimes
arranged dorsolaterally, following (he dermal ridges, on a heige or light brown dorsum
(MNHN 19721443, 1972,1449). or dark brown central dersum with eream-beige flanks
(MNHN [972.1458, 1972, 1461). In most specimens a ralhier idistinct mixture of dark and
light brown.

All specimens ventrally with 4 very distinet coloration, the dark flank color reaching onto
the posteriorventer and ending abruptly, without any fading, horderme onto the veotral color
wlhich (in preservative) is hright white (fig. 2). Males witl a brownish throat (laterally black.
corresponding 1o the inflatable parts of the vocal sac) with a more or less distinet median
white stripe. Females with a white throat and @ brown border along the lower lip, Limbs
ventrally more or less distinetly marbled with dark brown and white. This conspicuous ven tral
color pattern is already visible in juveniles (MNHN 9721432, 1972, |466-1468) of 14-18 mm
SV

Distribtirion, — Beside the specimens [rom the tvpe locality Chaines Anosyennes. BLOMMERS-
SeHTOssrR & Brasc (1991 ) included three additional localities of M. spinifer in their distri-
hution map: Marojejy. Marovitsika and Andringitra, The MNITN vonchers from Marojejy
were herein asstened 1o M. asper and we did not locate vouchers from Andrmgiira assignable
(o the species. However, a series from the Marovitsika forest (Pre d'Ivelube) could be mcluded
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with some reservations in M. spinifer (MNTIN 1972.351-554), 1t contains specimens iut.gl:‘r
than typical M. asper, with more distnetly expressed spimes and tubercles (two Tﬂfﬁ'ﬂ] spmes
clearly recognizable) and a more distinet ventral contrast of white and dark L'ﬂlf‘.rl"cllll_'ﬂ'i. The.ge
character states remind those of M spimifer (see below), However, the speeimens are still
smaller than typical representatives of Lhe species. and the ventral pallern contrast 1s Jesy
expressed, We here tentatively follow therr assignation to M. spinifer as su ggt_:sred by
BLOMMERS-SCHLOsSER & Brawe (19914, but it should be kept in mind that they are imterme-
diate between M. gpinifer and M. asper m size and expression ol ventral patlern contrist, The
species is therefore known from (1) the Chaines Anosyeanes and (2} Ivohibe

Natwral history and advertisement coll. Unknown.

Mantidactylus ambohitea 0. sp,
(lig. 2e-1)

[Tolatype, — Z8M 10842001 (orginally ZFMK 57418). adult male. Montagne d"Ambre,
collected by Frank Glaw, Nirhy Rabibisoa and Olivier Ramilison on 14-17 M arch 1994,

Pararvpes. — MNHN 1893244245 (two females) from Montagne d"Ambre. MNTIN
1493 246 (femnle), 1893248 tmale), 1893.249-250 (two [emales), 1893252 (female), | 893,253
(Juvenile), 19913148 (previously [893246A; female), all from Mararaomby _[MQI‘H.HEHE
4" Ambre). sent to the Pars museum by Alluaud and Belly in 1893 MNTN 19725373 (femiale)
fram Montagne d' Ambre; MNHN 1975314 (female). 1973.322 (female), 1975325 tlemale),
1975329 (female), 1975.330-331 (two males) from Les Rousscttes (Montagne d'ﬁul‘ﬂbI‘E.ﬁ. ut}
without precise ecllecting data; MTKD 37424 (male) from Muontagne d' Ambre, FPM'IR
57419 (female) rom Montagne d’Ambre, with same collecting data as holotype: ZFMEK
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(G2204-62208 (rwo subadults), collected by |, Steinhrecher on 26 November 1995 at Montagne
d’Ambre.

Dragnosis. A member of the genus Mantidactyliis based on the presence of temoral glands
and absence of nupual pads in males, Assigned Lo the Mantidactvlus asper group in the
subgenus Gepfnramaniiy based on: (1) bluckish paired subguliar vocal sacs in males: (2) inner
and outer outer dorsolateral ridges: (3) (small) heel spines: und (4) general similarity with
other species of the group. The species 1510 several charaelers intermediale between M, asper
and M. spingfer o1 the one hand. and M. lutews, M. plicifer and M. sewlprurarus on the other
hand, Tt s distinguished trom AL asper and M. spinifer by s lareely uniformly colored ventral
side, a lower amount of dermal spines, less extended webbing and less promiment dorsolateral
ridges s distngushed frome ML durens, M. pliciter and M. seulprurarus by smaller body size
(male S¥L 24-37 mam vs. 36-48 mm), less prominent inner dorsolateral ridges. small size of
heel spines and supraccular spines, presenee ol an ouler metursal tubercle and occasional
occurrence ol mierocular tubercles.

Ervenodogy, — Derived from Ambofiitra, the Malagasy name lor the Amber Mountain {Mon-
lamne d Ambre), the type locality of the specics. The name is used as invariable noun n
appasition to the generic name.

Deseripran af the hodprype, Adult male, SVL 358 mm (fig. Je-d). For measurements, see tab,
1. Body slender; head shghtly longer than wide, distinetly wider than body; snoul rounded
doersal und Litleral views, nostrils directed laterally, shghtly protuberant. much nearer to lip ol
snout than to eve; canthus rostralis distinet, concave: loreal region concave: tympanum
distinet. elliptical (shightly lugher than wide), 67 % of eye diumeler; supratympanic fold very
distinel, stranght; tongue ovend. distinctly bifid posteriorly; vonierine teeth distinet, m two
rounded aggregations, positioned posterolateral to choanae; choanae rounded. Arms slender.
subarticular tubercles single; one outer, central, and inner metacarpal tubercles prescnt,
[mygers without webbing: relative length of fingers | < 2 < 4 = 3 second [inger distinctly
shorter than fourth; fmger disks distmetly enlarged: nuptial pads absent. Hindlimbs slender;
timotirsal articulation reaching widely beyond snout tip when hindlimb is adpressed along
body, lateral metatarsalia separated by webbing inner melatarsal tubercle distinct, outer
mictatarsal tubercle small bul recogmizable; webbing formula between toes 1L 21020 2e(0.75),
32y, Se( D), 42y 4e(1.75), 5(0.25); relative toe length | <2< 3 <3 <4, third woc clearly shorter
than fifth toe Skin on the upper surfuce smooth: dorsolateral folds present but weakly
expressed and not very prominent; inner dorsolateral folds present. starting ca. 2.5 mm
behind the eves and Mading on the anterior back: outer dorselateral folds running from ca. 4
mm posterior 1o the supritympanic fold to the inguinal region. Two distinet, longitudimal
interocular tubercles. of same color as surrounding skin; supraccular tubercles present;
supraccular spmes and heel spine present bul small, Ventral skin smooth on throat, shightly
granular on posterior belly, Femoral glands very poorly delimited and very indistinet from
both exlernal and internal views: a patch of indistinet granules visible from internal view.

Dorsal coloration m preservative dark brown with a weaklv defined vertebral reaion of
lighter beige-brown color. Posterior fifth of the dorsum and dorsal surlace of the hindlegs
light brown. One distinet and four indistinet dark brown erossbands on femur, one indistinet
and three distinet bands on tibia, and five indistinet bands on tarsus and oot Dorsal color of
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farelimbs irregularly dark and light brown. On the flanks, the dark dorsal color fading
aradually into the light ventral color. Head sides dark brown except an iH-delined light band
running from the anterior cve corner Lo Lhe upper lip. Ventrally eream-white with some weak
symmetrical brown markings in the chest region. Throat s:rf:um—whitc.. the inil"]an:mhlre tulf:ral
parts of the vocal sac black. Inlife, color was similur Lo that in preservittive, the iris being light
brown in its upper part, reddish brown laterally, and greyish brown m 1ts lower part.

Furiation. - The available specimens are largely in mediocre state of preservation, capectally
the MNTIN specimens that were collected more than 100 years ago, Nevertheless, a relalively
large vartahility of morphology (dorsal dermal structires) and coloration could be E1:1:'-i::"?.:‘-:ed.
ZFMEK 57419 (fig. 3¢) has a strongly contrasted dorsal pattern ot dark dorsolataral stripes on
a light brown back. A further specimen (fig. 3 not collected) hud o light reddish brown head
surface with a triangular posterior end. 4 pattern also known in Mantideae! ) fies .i'mﬂ:rs (Gl AW
& VENCES. 1994 culor plate 93) and other representatives of the genus. Anather specimen (not
collected ) had 2 broad and sharply delimited median light stripe on the dorsum. The mner alnd
outer dorsolateral ridges are alwavs present but usually weakly expressed und often discontin-
sous The inner dorsolateral ridees generally begin 2-3 mm behind the eyes, In some
gpecimens, one or two pairs ol mdistinet ridge-like interocular Luhu:uln.:s are seen, bhut usually
they are absent. Heel spine and supraocular spines are small. and often reduced to tubercles.
Lursal spines arc absent. Males have rather indistmet femorul Elnw_.:l.f.. Humeral proluberances
are not visible in the available material. Webhing in most spectmens is rather de eloped.
reaching almost the fifth toe disk. although it is less extended m other :apz:{:inmnﬁ {.fm'mul:i
(07500 The outer metatarsi] tubercle is always visible though generally small. The three
available juvenile paratyvpes already show some of the characteristics ol M, ambohitra (e.g..
not very prominent dorsolateral ndges, presence of ndge-like mierocular tubercles).

Significant intersexual differences (Mann-Whiiney U7 tests) were detected o re]a‘ljw:
lenth of fore- (P <1.05) and hindlimbs (P < 0.005)and in relative length (7 < 0.05) and height
(P < 0.005) of the inner metatarsal tubercle, but not in relative tympanum diameter of h A
Limbs are longer in females than inmales, which 1s a rather uncommon state in Malagasy frogs;
the mner metatarsal tubercle is lon eer and higher in males. Male/female size ratio 18 1025,

Further materiol.  MNHN 1893,243 (Montagne d’Ambre) 1s a large male specimen which
reminds Meantidactyius pliciter by sizc (SVL 44.8 mm}and by its Large, distinct femoral glands,
I'he probably subadult female MNHN 1975324 (LesRousselles) reminq:i_.-u' fuieis }"E’lTht‘.‘T
than M. ambohitra. As both specimens are in poor states ol preservation. 1018 nol passible to
make a delinitive statement on their identity, It is pussible, however. (hat more than one
representative ol the M. asper group occurs at Montagne d"Ambre.

Three furtlier specimens agree morphologically with M. ambohitra but are nol imcluded
in the type series due 1o dubious or lacking mformation on their colleeting lncuhL;,-. The male
MINHN 1975326 1s laheled ws originating from “1latysbut we consider it as very improbable
Ut this relers 1o Haty in extremely urid south-western Madagasear (close 1o Toliara), The
lemale MNHIN 1975.332 has no locality information: Both these specimens bear numbers
subsequent to small series ongmating from the Monlagne d"Ambre region. The femalc
MNHN 1973 896 was collected, according 1o the MNTIN catalogue, by C. P. Blanc on 16 July
1972 at Marajejv (300 m elevation ) however, its “hard™’ state of fixalion 15 siimilar Lo that of
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specimens [tom Montagne d’ Ambre (e.g. MINHN 1975.332) rather than to the more lexible,

abvicusly formalin-fixed M. [utens specimens from Maroje)y, collected also by C. P. Blanc 1n
July 1972 (MINHIN 1973,597-902),

Distrituetion. — The species is so far reliably known only from (1) its type locality. Montagne
d*Ambre in far northern Madagascar.

Natirvad history, — We observed specaimens during the day on the forest Aoor, I Kéhler (pers.
comut | observed callmg males in November in the evening (20-22 h and later) during light
rain, calling from bushes at the forest edge, ca. 60-1 50 em above the ground. Inflated vocal sacs
were paired subgular (fie. 36),

Advertisement call.  Unknown.

Mantidactylos lutens Mcthuen & Hewatt, [913
(tig. Su-h)

Manridacivins fivens Methuen & Hewirt, 1913, Namie-bearing repe: holarype, by angmial designution,
T 10077, adull e collected by Herschell-Chauvin, — Tipe Jocadity: Fololy,  Cther tpper:
paratypes, TM 009510101, two wdult mabes, twa adult females snd three juveniles, and T™M L0494
fesehanped with another collection accordiag to TM cataloguz)

lefemtiny. — The type series, as examined by us in 1998, agrees morphologically with the
populations attributed 1o . fureuy and mhabiting the low-elevation areas of the Maulagasy
cast coast. This form s morpholo@cally recognizable by (1) rather small siee: (2) distinet but
rither small (emoral glands in males: and (3) geoncrally uniformly whatish venter without
distinet dark chest markmgs. The holotype has a SVL ol 413 mm, FGL of 6.4-6.8 mm and
FOGW of 1.6-1.% mm (W. Haacke, pers: comm. 1n 2001), thus within the range of other male
specimens herein assigned o the species (tab, 23 We will, in the following, provide a detailed
morphologeal deseription of M. firfens. and only mention differences from this pattern i the
subsequent sections on M. plwdfer and M. sewlpturains.

Muiernd examined,  MNIIN 19732235 (Kianjavato), MNIIN 19721433 (Ambana-Sonvala. Chaines
Anvsvennes), MNHN 1972 1418 (Camp V. Chaines Anesvennes), MNEIM [972 897902 G07T, 908 40
(Maraeie, wlt, 300 my MNHN 1973906 ( Marogegy, ol 13000m), MNHN 1973 908  Maroje)y, alt, 600
mp TM L0077, 10095-10101 (holotvpe and paratvpes; Polohy), ZEMEK 47222, 47290-472%], 31711,
AFTLA-327 14 (Nowy Borghu ) ZFME 32715, 60674 { Nosy Mangzhe).

Morphology. — The description provided here refers to male specimens from Marojejy
(MNHN 1973897, 1973.8499-G02, 1973.906-90H), Nosy Muangabe (ZFMK 06674) and Nosy
Boraha (ZFMEK 52714) which form a morphologically homogencous group,. Morphology
and attribution of other specimens is discussed in the section on distribution. Inner and outer
dorsolaterul ndges present and usually continuous, the inner ndge being more prominent
thasn the outer ridge. Inner dorsolateral ridees generally beginnime above the eye and runnimg
anto the central dorsam, ending w various modes, wither Gding or curving medially or
laterally. sometimes continued as indistinet undulating structures towards the inguinal region.
Outer dorsolateral nidees senerally begimnimeg in the shoulder region where the inner ridpes
end (fig. Ty No connecting dorsal ridge, no mterocular tubercles. Supriuocular tubercles and a
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Fiz. 5. Photographs ol Mangidaerpluy luieus male from Nosy Boraha, in dorselateral and ventral views
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fu-by M. phicifer male from Banomalana (ZFME 623051 in derseiateral and ventral views (c-a ) and
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few small supraocular spines present, Usually one disting supraocular E]Jirﬁe‘umuciq’ling wilth
the oriein of the inner dorsolateral ridge: A distingt heel sping: no Larsal spines. Males with
small but distinet femoral glands (see lab. 2): in MNHN 973,809 | Marujev), 111E_gl_ﬂm'l on
arie femur i internal view, composed of 16 granules of (14-0.9 min dixmeler each; in ZFMEK
(6674 (Nosy Mangabe), af 29 grunules ol 0.4-006 mm, Vouil sac na'tru.d subzular. A ﬁtr.ung__ly_'
expressed humeral protuberance in males, lacking in "ll'-xmulc& ‘»’v_ﬂl_:rl'.rm gm nmfm.t specimens
reaching the disc of the fifth toe, resulting in webhing formulas of 3(0) or 5(0.25). Lne mner
andd two rather weik ly expressed, similarly-sized outer metacarpal tubereles. the latter Lwo 1
contact with each other. A distinet inner but no outer metatarsal tubercle.

Iad
i
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Significant intersexual differences m the whole sample altributed 10 M. fufens were found
it SV L and in relative length ( Munn-Whitney U 1est. P < 0.05) and height (P < 0.005) of the
nmer metatarsal tuberele (longer and higher in males), bul notin relative Lympanum diameter
or relative length of limbs. Male/female size ratio is 89 %4

Caloration. - Dorsally gencrally unitormly greyvish brown, sometimes with some shades and
mdistinet markings of lighter or darker hrown. Usually with at least a parual black bordering
of the imner dorsolateral ndges towards the [mks. Two Turther black spots often present at
the ongin of the cuter dorsolateral ridees. Indisunct but aften well-delimited erosshands on
{he hindlimbs (5-7 on femur, 3-7 on tibia, 410 on tarsus and foot). Ventral color uniformly
cream, including the limbs, Only some specimens with [aint brownish markings on chest and
(i males) on throadt, Lateral, mflatable parts ol the (paired subgular) vocal sacs black,

Diserthution. — Beside male specimens from Marojery, Nosy Mungabe and Nosy Boraha, we
also attdbure several vouchers to M furens. wo males [rom the Chaines Anosvennes
(MMNHN 19721418 and 1972.1425), which were collected syntopically with M. plicifer (see
below), differ from that species by thewr completely uniform chest. smaller size and smaller
femioral glands (consisting of 24 granules of 0.4-0.6 mm diimeterin MNHN 1972, 1435), The
male MNHN (973,323 (Kisnjavato} also agrees in having distinet femoral glands with 21
large pranules. The femitles ZFMEK 5271 (Nosy Boraha) and ZFMEK 52715 (Mosy Mangabe)
are rather large (SVL 45.0 and 47.0 mm, respeetively), and would therefore agree betler with
M. plicifer by size, TTowever, the almost uniform whitish venter of ZEMK 52711 and the very
famt chest mottling of ZFMK 52715 agree wilh the stale mn M. fefens. As s far no records of
W plicifer exist for central-castern or north-castern Madapascar, we assign Lhese [emale
specimens Lo M furens, We attribute also the juveniles MNHN 1972904 and 910 (Marojejy)
Lo this species. as neither M, plicifer nor M, sewlprurarus are known from thes region. A Turther
lacality is Foulpointe which i based on a smgle voucher (ZMA 6725) which agrees with M,
(atens in body size and femoral sland proportions according 1o a personal communication of
F. Andreone. Summarizing, specimens attributable to M, fufens are from: (1) Murojeyy: (2)
Nosy Mangabe: (31 Nosy Boraha; (4) Foulpoinle; (5) Folohy (Lype locality), (6) Kianjavato,
and (7) the Chaines Anosyennes {(including Ambana-Soavala and Camp V) All these
localities are al low elevations along the Malagasy cast coast; only ene specimen (MNHN
1973.906) is catalopucd as originating from 1300 m on the Marojery massil, while the other
specimens from this locality were collected at 300-600 m elevation

Brommrrs-Scrmossce & Braxe ([99]) addihionally recorded the species from a number
of further localities, namely Les Roussertes (Montagne d Ambre), Ambalamarovandana,
Marovitsika and Antsalova, The aviilable Montiagne d" Ambre specimens are here all referred
1o the new species M. ambohitrg, although at least two of these are actually morpholagically
similar to M. Jarews, and e possible occurrence ol this or a similar species at Montagne
d" Ambre warrdnts further research (see section on M, ambohiira), The swealable material from
Ambalamarovandana mav be attributable to M sodpiiratus or M. herews (sce below), The
locality Muarovitska Torest (Pie Ivolabe) s bused on juvenile specimens only, The locality
Antsalova (Antsingy) s corroborated by one MNIIN voucher from Lhis site catalogued as M.
futens. This specimen (MNHN 1975.327), however, has no dorsolateral rnidees and elearly
agrecs in eencral morpholoey with Mumtidactvles corvis and M, pyewdoasper (subeenus
Phovlacomantis), two morpholomeally similar species of which one (M. corvus) has been
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Fig. 5. Sonagram and eseillogrum of part of a call {five nules of 4 note series) ol Mantfdaerilis Leieas
T Maromeg .

deseribed [rom western Madagasear (Isalo). Occurrence of M. o psendousper in the Antsingy
farest ig also corroborated by MSNC 49087 which was the origin of the tssue samples used
[or DNA analyses herein

Naturad history. —Calling activity was mainly nocturnal but sometimes sturted before dusk, In
cuch cuses. the calls were emitted from the sround, Calling activity increased with progress of
dusk, and at mght specimens generally called from leaves 1-2 m above Lthe ground. We pever
ahserved calling specimens gathering at or close to water bodies.

Advertisernent catl. - Calls were series of short, relatively melodious notes (fig. 6). Each nole
did correspond 1o one expiration. Between notes, the vocal sac did not remain distnetly
inflated, although a slight inllation was noted when a call series was aboul to start. Calls from
Marojepy (Camp 1) were reeorded on 27 March 1994, 17.30 T, al 22%C pir temperature. They
contaited up o 21 notes. Note duration was 22-24ms (23 = I ms.n= 5, duration of inlervals
helween noles was 170-180 ms (172 £ 5 ms, #=4), Note repetition rate was 5.0-3.3 s, Calls
from Mosy Boraha as described hy Graw & VENCES (1992) were similar and are here
te-deseribed, They were recorded on 8 March 1991 atca, 22°C air temperature. MNote duration
was 44-39 ms (31 + 5 ms, 2 — 8), interval duration 127-2305 ( 156 + 4 ms. n=7), and note
repetition rate 4.3-5.0 per sccond

On 28 March 1994, distress calls were emitted by a specimen from Marojepy when
handled. Two calls had a duration of 1600 ms and 1663 ms. Frequeney was 1650-10000 11z,

I~
-]
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respectively 0- 10000 Hz. and showed the [requency band pattern typical for anuran distress

calls.

Mantidactylus plicifer {Boulenger, 1882)
(fig. Sc-d)

Rena plicifera Boulenger. THEZ. — Name-fearmg tipe: lectolype. by present cesignation, BMNEH
18823, 16,58, adult male collected by W, D Cowan,  Thpe focafine: “Lust Betsileo™ accaording to the
priwinul deseription. — Pareieetotypes: BMNH 1882.3.16 57, female and 1882.3.16.56 and 5Y, two
sulvadult specimens, with same collecting datic as lectolype.

Comment. — The current re-definition of the species M. plicifer 1s based oncharacters (size and
struclure of femoral glands) recognizable in males only, As only one of the original syntypes
of Rana plivifera isa male. its present designation as lectotype is necessury Lo reach taxonomic
stability in a group of extremely similar species (M bGuens. M. plicifer, M. seulpruratis)

Ldensity.  Qur field observations demonstrated syntopic occurrence of a smaller a nd a larger
A futews-like species ot Ranomalana, males of the larger species reaching 44.2-44 4 mm SVL,
Also i the MNHN sample trom the Chaines Anosyennes, a larger and 2 smtaller form could
be distinguished, males of the larger form ranging from 43,6 10 43,3 mm SVL., One distimetive
character of the large form at both sites were its consistently large and distinet femaoral glunds
Based on Lhis character, we consider the large specimens as Mantidactyfies plicifer, iig. 7 shows
that they agree with the lectotype aof Reana pliciferd in relative femoral gland size. although the
type is distinetly smaller (38,8 mm SVL: see tab. 1-2). The difference both in SVL and m
relative length and wadth of femoral glands (ratio FGLASVL and FGWISVL) was haghly
sigmificant between M. plicifer and M [nrens [P < D005),

Marerio! vewmined, — BMNH 18823 16.36-39 (Fasl Bewsileo: lectotype and paralectolypest MINHN
1972 1404 ( Ambana-Soavaly, Chaines Anpsvennes), MNHN 19721405, 1972.1407-1408, 19721411,
W07 141221414, 1972 1419-1422, 1972, 14241425 1972, 1427, 19721429, 1972,1431 (Cumyp ¥, Chaines
Anosyermesy; MNIIN [972.1436- 1437 (Camp 1V, Chuines Aaosyennes) £ ME 62305-62306 {Fano-
matana),

Morpholopy and diagnosis. — Beside the larger size of mosl specimens as compired to M.
huteus, the most important morphological character to identify M plicifer 1s the large size of
its fernoral glands (see fdentdiny seetion). In internal view, a gland of the lectotype contamed
about 45 granules. In one specimen from Ranomalana (ZFMK 62306}, a gland wascomposed
of 47 granuies of 11.5-0.7 mum in diameter. In one specimen [rom the Chames Anosyennes, 4
oland was composed of 53 grunules of 0.4-0.5 mm m diwmeter,

Beside thischaracter, the morphology of M. plicifer is extremely similar to M. lutens The
differences mentioned by BroMvErs-SCHLOSSER & Braxc 11991) in their key to Manridacty-
liv, namely webbing (less developed in M. pficifer) and heel spine (only a tubercle present m
M. pliciter) are not suited to distinguish both species, The webbing 1s variable in M. plicifer.
For instanee, it reaches the disk of the [ilth we in ZFMK 62306, but anly nbetween the disk
and the external subarticular tubercle in ZFMK 62303, resulting in webbing formulas for the
fifth toe of 5(0yvs. 5(0:3). And the presence of a heel spine appears to be highly dependent on
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Fig 7. Scatterplot of snout-vent length (SYL) and relutive femeral gland _]'-’l_lﬂlh \1atio FG'{S‘*’LFFW
C Muntidacrriug briens, M. plicifer and M. seulpiratis. Nate the clear distinclion of I."L-:I’.-:Inrrr.fm fyliis
plicifer from the other two species by its lnrger femoral glind siee Most M plicrfer can ii|..‘:-L1 b
distinzuwished by their larper SY1 the lectotype of A p.’:’f.{fer_lm:erud by an errowl, which m
contrast 15 small-sized, shares with the ather specimens its lirge femoral glands,

the state of fixation and preservation of the specimens. So. a heel spine s clearty vmh!f: in the
frmalin-lixed M. plicifer from Chaines Anosyennes, but this structure i5 only rudimentary
and faintly recognmizable in the ethanol-fixed specimens [rom Ranomatana. I'he outer meta-
tearsal (ubercle. absent in M. lteus. is sometimes visible as small rudiment in Ib]'nmh]ylu;cd
M. plicifer. The patr of outer metacarpul tubereles are ollen indistinet in M. plicifer asin M.
Hiteins, hut when recognizable, the outermost Luberele is distmetly smaller and more elongate,

Color and pattern variation is as (ollows, Many specimens with a lenddency of a lighter
Literal coloration and @ darker dorsal coloration, more or less sharply separiied by the
dorsolaterul ridges; this contrasted pattern very distinet i a tew speeimens {eg MNHN
197214271 which have light brown to heige flanks and dark brown central dorsui and head
surfaces. both colors sharply separated by the dorsolateral ridges. In this ﬁ}wcimcj. head also
Lyterally beiee. with a broad vertical bund running from the eve to the upper hip. In some
‘i-'pE:.‘-iTI'I;fIIH. head laterally with a broad Light beige band along the upper lip, hordered sharply
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by & dark brown band along the canthus rostralis. Venter cream whitish, with a few browmish
markings usually present in the chest region. Throat largely covered by [aml brown prgment
m many males (except a longitudmal gl median band). Yocul saes blackish,

Intersexual differences i SVL and relative tympanum size are close 1o significancee
(Munn-Whitney U test, £ < 0,07), males being smaller and hinang relatively larger relative
Lympanum sizes than females, Hhighly significant dillerences were found in relative length and
height of the inner metatarsal lubercle (7 < 0.007; longer and higher i males), while relative
hmb length did not dalfer significantly between sexcs. Mean male/female size ratio is 26 %,

Disiriburion,  Beside the unprecise ype locality Bast Betsileo, the species s reliably known
riom (1) Raoomalana and (2) the Chaings Anosyvennes. BEOMMERZS-SCHLOSSER & Brawc
{1991 hsted six additonal locahines for the species: saratanand, Marojey, Ambohitantely,
Mundraka, Ambalamarovandana, Marovitsika, We could not locate any voucher for the
Ambohitantely locality in the MNHN or ZM A collections. The specimens from Tsaratanana,
Marojegy and Mandraka. determined as M. plicifer by R, Blommers-Schlosser according to
the MNTIN catalogue, are here all referred to M, asper (see also GrLaw & VENCES, 1994, [or the
Tsaratanana vouchers). The specimens from Marovitsika are juveniles that cannot be reliably
determined, while Lthose from Ambalamarovandana are here assigned to M. seriprarai i a
preliminary way (see below),

Netrad Bisrory.  Calls were heard durmyg dusk from the vegetation o rinforest. Calling
males were sitting ca. 50 cm above the pround. No water bodies were observed in the
surroundinges.

Advertiverment call. - Recordings were done on 2 March 1996, 1815 h, ar 23°C air temperature
m Lhe Ranomalang National Park, Single nows as= well as short series of ap to five notes
(fie. By were cmitted, Note duration was | 21=-148 ms (134 + [ ms. = 5), duration of mtervals
hetween notes was 492-559 ms (535 = 31 ms, 4 =4), Sinee intensity faded contunuously at the
end of each note, medsuring ol note duration wis dudlicult, and o0 would dlso be possible to
comsider nole durations as longer (and. corespondingly, muwerval durations as shorter).
Frequency was 12004000 11z, dominant frequency 2700-33{00 Hz,

Mantidactylus sculpturatas ARl 1929
(fig, 3e-1)

Manewdaorvloy sewlpirgony Ahl 1929, Mae-bearing fepes holotvpe, by monotvpy, ZMB 30515, - Tipe
focality: “Nordwest=-Muadagascar” accordmg 1o ongmal descopuon (probably erroneous),  Chifer
fiBeEss none,

fdentiry, A mud-alutude localities of castern Madagasear, a species oceurs which is
axtremely similar to M futens by morphology, 1 is, however, distimeurshied by 1ls unharmo-
nious {(vs melodious) advertisement calls. its indistinet femoral glands, and a relatively high
venetic divergence (see below), We here revalidate the nume Mantfdacrvluy soulprirati
for this species based on the following rationale. (1) The type of M. sculproratus 15 a lemale of
15 mm SVL; its moerphalogy totally corresponds to species previously assigned to M. futeus,
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Lromm Banomatanid.

and its size agrees with the mid-altilude Jurens-like species but not with the larger species M,
plicifer, (2) AHL {1924) described M. setdpturatuy from a specimen Lhat was collected by 1 M..
Hildebrandt. and that was reported Lo origmaie from nortiwestern Madagascar. Huwlc'-;m:. (1o
species close to M. furens is 50 far known [rom this region. excepl an l.fndem.'m':ed species from
the Manongarive Reserve collected by €. Raxworthy (deposited in the London museum)
and by D Ll{a kotomalala (pers. comm ). These Vianongarivo specimens, ROWever, !1:1-;-3
u.'listim;'l nterocular tubercles m males and females which e absenil n lhr:_ type of ..-1{.
sewdpiurains. As with other anuran species collected by J.. M. Hlldﬁb.l":’!ﬂ[!_‘l 111 this region, 11 Llh
probable that some labehng errors oceurred either by Hildebrandt H.‘-‘ui':“ or when thu; S[L‘IrELll—
mens were entered in the Berlin Museum after Hildebrandt's death 1 Madug:mc:d: in 1881
(VENCTS & GLaw. submitied). (2) Beside localities in northwesterm M adagaac{sw., Hildebrandl
eollected t sites in central castern Mudagascar but apparcatly not at low altitudes along the
auisl coust { BEENTIL, 1998), [t is therefore probable that the M. sculpruraiiis Lype was mll::-.l:te,d
4t a mid-allitude eastern locality, We arc awire that these arguments do not suflice to 1ull}'
clarify the identity of M, sculpreratus, butits present re-definition appears as mast parsuno-
m-_auﬁ colution and wvoids the description of the mid-ull itude furens-like form asa new species.

Note, — BLOMMERS-SCHEOSsER & BLaxe (1991) stated that the “type” of M. souwlpluraris was
lost. In the meantime. the holotype has been rediscovered in the Berhn museum,

Marerial exantined. — ZPME 53688-53689 (Andasibe) APMEK 62304 Runomafana), ZMB 3515
Cholotypel
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Fig: 9 — Sonagram and oscillogram of & call (three notes of a note series) ol Manirdactpius sealptarvatis
fronn Ranomalana

Mearpholagy and diqemosis. — By stze and geocral morphology, this species is sumilar (o M,
frerens. Temoral glands are imdisunct i most specimens: in ZFMEK 62304 (Ranomatanal, an
pdult male collected while calling and therefore in sexually matre and active stale. no lemoral
wlands ul all were recopmzable in external or internal view. The male ZFMK 53638 (Anda-
sihe) had 26 scattered eranules visible in internal view of a gland, These granules. however,
were smaller than o M. ferews (0.3-0.4 mm in diameter),

In the available material, no recognizable outer metutarsal tobercle. Webhing reaching
Lhe disk of the Ofth woe or slightly below, resulting in a webbing formula of 3(0)-3(0L.25). A
sinall heel spine. and two external metacarpal tubercles of approsnnately sinular size. General
coloration as i M. fiiews, the specimen ZFME 622304 from Ranomafana having a broad
white streak along the upper lip bordered by o blackish streak runnimg under the canthus
rostralis. This specimen additionally with a curved white streak running transversally above
the cloacal region. Venter uniformly hght. with very faint brownish pigment on the chest
SOIIE SPeCImens,

Distribution, — The species 1 rebably known [rom: (1) Andasibe: (2) Ankenihenv (no voucher
specimens vollected); and (3) Ranormalana.

Natwral history,  Culling males were observed at nighl, not concentrated around watel
bodies, 1-2 m high in the vegetation, m munlorest,

Advertisement cald,  Calls from Ankenilieny were recorded on 18 December 1994, 21,45 1, al
1R

ca 22°C air temperature. They consisted of up 1o 22 unharmonious notes, but at the beginning
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of calling activity single-note calls were commaon. Following several of these, ﬂf}LE—E‘iﬂriE.‘i w_urr:
F.u::ut!ﬂ,‘?-i"-’-&h" composed of an increusing number of notes. Alter such a call series, calling
activity was often interrupted for some minutes; one call series from Andusibe lasted 20 s and
5]1{'."1-’.1:4-] the following pattern 1-1-2-3-13 (numbers referring to notes per call), However
multi-note calls were emitted spontancously as well. Note duration al Ankentheny was
| 54-180 ms (168 + 13ms, 0= 5), duration of intervals between notes was 126-163 ms (143 £
18 ms. i = 4), Note repetition rate was 3.0-3.3 per second. Calls from Andasibe (recorded on
12 January 1492 at 22°C air temperature) were simikar, wilh a note duration of 90-120 ms.an
mlerval {.i:Jruliﬂn of 250-260 ms. and a note repetition rate of 2.8/ (GLAw & Vinces, 1994).

Calls from Ranomatana (e 9) were similar, too. Two analysed calls consisted of 15-17
notes and had a duration of 4463-3127 ms. Note repelition rats Was 3.3-3.4/s. Nore duration
was [50-196 ms (173 £ 13 ms, #n = 1)), inter-note interval duration was 122-158 ms (138 = 12
ms, n = 1), Frequency bands were recogmizable between [ SO0 and 2000 Hz, 2800 and 4000

Hy and 4800 and 5200 He, Dominant frequency was between 3200 ang 3400 He.

FURITIER SPECIMENS OF UNCERTAIN ATTRIBUTION

While the specimens listed in the respective seelions ahove could l?c u_ltrillmmd 1o the
recognized species with @ certam reliability and were used to .dE]LT_T_'IJT. dmm‘hutm_n patterms
(fig. 100, the followimne juvenile specimens (and thus the locahtics Yondrozo. hfn‘;iubc-. Sanga
Qan e Torest and Tolangoina) could be assigned to the comples of the three spocies M. Inreas,
M. pheifer or M. seudpturains, bul i specific determination was not possible: MNHN 1930.414
and MNHN 1991.3149-3150 (previously 1930.414A-B) (Vondrozok MMNHN 1972.556 {Tva-
hibe, Marovitsika forest); MNHN 19721454 (Ambuna-Soavala), MNHIN 19721400,
19721409, 19721411, 1972.1415-1417. 1972,1423, 1972.1426, 1972.1428, I*IJT"E.MJILI.
1972 1432-1433 (Camp V. Chaines Anosyennes). MNHN 19721469 (Ambana-Camp IV,
Chaines Anosvennes); MNHN 1975325 (Sanga Sanga forest); ZFMEK 47252-47253 (1 nlu_n-
poina). The same apphes o an adult female (MNHN 1930.413) from Fort Carnat, (SVI
421 mm) which is in poor state of preservation and with lurgely faded pattern,

A series from Ambalamarovandana (Andringitra. at 1530 m eclevation; MNHN
1472.595-599) consists of Lwo juveniles, one subadult, and two adult females _wilh it ure
oocytes. By the size of the females (SVI. 40.8 mm, MNHN 1972595, 40.6 mm. _MHHH
1972.596) and complete lack of dark pattern on throal and chiest, they can be assigned 10
sither M Jutens or M. senlpturatus vather than to M. plieifer.

Three examined specimens probably belong to the Memiidacrylis asper group hul can-
not be determined further at present. (1) MNTIN 1975315 (Am hatofitoharanana) is a rather
large female (SYL 429 mm) reminding Mantidactplus axper and A1 _mnhu.n'nrﬂ::_ It has very
wenhkly expressed, straight dorsolateral ridges and apparently no markings on Lthe :wemur. ”_l"he
acality Ambatotitoharanana is located close to Franaranisoa, ata rather high ;alntud{*._cir i,
| HEH) m The specimen may represent hitherto unknown species. (2) M}!i_IH l‘;’:::.illlfa
(Murojejy. no glevationsl information). an adult female (SVL 3_1.3 .mnn with maluring
ooovies recognizable by dissection, has two distinct pairs ol ndge-hke mu:_mc_ular tubercles,
hut only rudiments of dorselateral ridges: instead, the dorsum is covered with irregular small
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Fig. 10, - Distribution maps of species i the Mamiddued vins asper group. Locality numbers refer Lo (hose
used 11 the rext

tubereles. The venter s unitormly hight except two [mnt symmetrncal brownish markings an
the chest, This individual may represent a new species of Mantidaervlus (Gephvromantis), bul
a deseription does not seem justilied unbl further collections yield also male speamens. (3)
MNHN 1895257 15 a juvenile specimen in poor state of preservation that reminds M. asper.
It is remarkable because according 1o the MNHN catalowue it was collected on the west coust
(“Cote Duest’™), However, we consider this locality information as dubious unol the occur-
rence of the group at westernt localities 1s confirmed,

Koey 10 sereis s e MasripacryLuS ASPER GROUP

The fallowing key allows identification of maost specimens belonging to the Mansidaci -
fus asper group. However, in some taxa (e, M. fwtens, M. plicifer, M, seulpiurans), a reliable
determination is only possible in adull males (alter examination ol [tmoral glands or
advertisement calls). Considering the impaortant variability of characters such as dorsolateral
adges within populations (e.g., of M. asper ar M. spimifer), determinations based on single
specimens should be always consdered with caution,
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1a. Moderately sized to large species (SVL 32-50 mm); ventrally uniformly ¢ream-whitish,
wormctimes with hiown mottling on chest and throat: tarsal spines and connect ing dorsal rdge
absent: interocular tubercles usually ahsent; outer metatarsal tubercle prescut or absent;
wehbing generully reaching eloser Lo the disk of the fifth toe than to the Grst subarticular
{ubercle: webhing formula SO0 Lo SI03) oo e e e 2
Ib. Moderately sized species (SVL 27-38 mum); ventrally ustally with distinet dark brown
pattern (Jaterally delimiting a central bright white area on chest and sometimes belly: throat in
males brown with a lighl median stripe); tarsal spines somelimes present, interocular tubercles
generally present: outer metatarsal tubercle present; webhing generally closer to the first
cubirticnlar tubercle than to the disk of the fifth toe: webbing lormula 5{0.5) to 5(0.75). raraly

?u, Moderately sized species (SVL 32-39 mm); interoculir lubercles sometimes present,
supraocular spines small or in the form of Lubercles only: dorsolateral ridges relatively
irregular and ndistunet: heel spine small and indistnet; outer metatarsal tubercle present,
only known [rom far northern Madagascar (Montagne dPAmbre) o cnie e i
Muantidac tylus cmbolntra

b, Larser species (SVL 36-50 mm): interocular tubercles always absent; supraccular spines
Jdistinet. with one relatively large spine at the beginning ol the inner dorsalateral rnidge: imner
dorsulateral ridee always distinet; heel spine distinet; outer metatarsal tubercle absent or
PUCEITIETERTY s 6 6 v s s s b aies e mobs e s artie s o moesm = o @ wiassinwifilan o FULLESRELRIE 3

34, SVL 39230 mm; lemoral glands distinet, composed of 47-35 pranules; calls composed of
a slow series of unharmonious notes .. ... .. et Mantidctvius plicifer
Th SVL 36-47 mm: lemoral glands small but distinet, composed of 16-19 eranules; calls
composed of a rapid series ol melodious notes: known from eastern lowlands ...... ..-...
PO D Meanridactylus lurens

|||||||||

3e. SVIL 3%-43 mm: femorul glands small and often indisunct ar not recopmizable, composed
of 26 granules (if visible); calls composed of o rapid serics of unharmonious notes: knowr
from eastern mid-altitudes ..., it nerres  Mantidaotylus yeuipraratus

da. Very granular dorsum with highly elevated and sharp ridges: connecting dorsal ridge often
present; tarsal spines present and distinet; very distinct sharp dark brown-while contrast ';11
the veniral pattern, extending onto the belly ... ... Mantidacivius spinifer
4b, Less eranular dorsum; no connecting dorsal ndgpe; tarsal spines usually reduced 1o
tubercles or absent: sharp brown-white contrast in the ventral pattern usually restricted to
Chest AndOT LRIOAE . o vy ae v eie s ssa s s s s et b S s e Muntidaciying asper

Anar vsis OoF DINA SEQUENCTS

A chissquare test did not contradict homogeneity ol base fraguencies across 1aza (d@f =
51: P > 0.9), The PTP test resulted in a significant difference (P = .01} between the most
parsimonious tree and trees generated from random permutations of the data matrix,
demonstrating presence ol significant phylogenetic signal. Of thg mta].nl' 556 .u:lclu.dﬁt
characters. 358 were constant, 39 variable but parsimony-uninformative, and 139 va riable and
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Fig 11 - Results of a Neighbar-poaming (8J; left) and a Maximum Parsimony (MP; nghl} analyss of
536 bp of a fragment of the mitochondrial 168 rRNA gene in 16 species ol Manvidaetyluy belonging
to the subgencra Gephyromians, Lavvensamanits and Phyleeomantis, Species of the M asper group
are printed in hodd. The MP cladogram is @ strict consensus of cight equally most parsimonious trees
(505 steps; consislency index 034, retention index (1.4%) Numbers above branches are bootstrup
values in percent of Neighbor-joming (left) and Maximum Parsimony und Maximum Likelihood
(right) analvses, respectively (2000, 2000 and 100 replicates), Boaphis xerophfuy was wsed as the
oulgroup. he symbals refer to presence of frec-dwimming or non feeding larvae (Ladpole symbol) or
direet deselopment within the sge (egg symbol), Symbols with question-msarks refer toindiree)
evidence from calling behaviour: species which call around witer bodics (brooks) may have tadpoles,
while species cilling independently from water probably have direct development,

parsimony-informative. MODELTEST proposed a Tamura-Nei substitution model (TrN + 1
+ 3 as best litting the data. with a propornon of myanable sites of 04764, a gamma shape
distribution parameter of 09064, und cmpirical base Irequencies (A: D3370; C) (L2325
Co 02176510 0.2536) and substitution rates (A-G: 5 35383 C-1: 8.5036: all other rates: |). The
Muximum Parsimony analysis resalred in eight equally most parsimonious trees (5035 steps;
consisteney index 0,54, retention index 0.48). A stricl consensus of these 15 shown in hg. 11
Mast splits in the topology were unresalved, resulting in several polylomies. The following
clades were resolved: (1) a lineage containing the species of the Mantidactvius granmilatiy
aroup in the subgenus Phlacomantis (sensu Graw & Vences, 1994): (2) within the M.
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grenutlatny group, one clade contaming M. granwlarus and an undescrnibed species from
Tsaratanana, and a second clade contamning AL cormuius and M. rschenki. (3) a lincage
contlaming the two species ol the subgenus Lawreniomantis included; (4) a clade containing
M. harens, M sendprivains and M plerfer: (5) a clade contamning M sewfpruratuy and M
titens; (6)a clade wilh the two species of the Maniidacr vl psendoasper group in the subgenus
Fivlacomantis, M. pyendoasper and M. corvus.

An denlical lopology was obtaingd by a second MP analysis after exclusion of all
characters with gaps i one or more taxa. The NJ analvsis with LogDet distances (lig. 11) and
the MI. analysis using the substitution model suggested by MODELTEST (not shown)
supported the same clades, Both in the NI and ML trees, the M. pseudoasper group was
arranged hasal to all other Gephvromantis, Lawrentomaniis and  Phvlacomantis species;
seguentially, the species ol Gepinvomantis split off the phylogram, while the two Lawrenro-
mantts were placed as sister group of the Mantidacivies granulatis group.

Hootstrap analyses (FELSENSTEIN, 1985) with 2000 rephicates provided rather high sup-
port for most ol the clades defined above (1-0); the sole excepuons were clade 2 which was nol
supparted by values higher than 50 %. in the NT hootstrapping, and clade 3 which received low
support (31 %4) m the MP bootstrapping,

Pairwise sequence divergences amuong species of the subgencra Geplyvronantiy, Phivlaco-
manrts and Letrrentomantio ranged from 3.8 1o 16,4 % Fven the lowest values (2.8 % and
4.7 %0 between the species puars M, cornpius — M. ischenict and M. furews — M, sealptivaius)
were distinetly higher than vidues so Tar identified between conspecific Malagasy frog popu-
lations (up toca. 1.3 % i M gramelatus: M. Vences, unpublished).

INscussIioN

The distinctaess of the three speaies M. lufens. MO pliciter and M. seuwdpturatuy us
re-defined here is well corrpbarated by their bioacoustic and genetic differentiation. Previous
works (e.g.. BLOMMIRS-SONLOSSER & Bianc, 19917 also recognized two of these species (M.
futens and M. plicifer ), bul therr coneept of M. plicifer was cquivocal, and m large part based
on specimens attributable to M asper. We observed svntopic occurrence of two specics (M
plictfer and M. sewfpruraras) in the field at one site (Ranomafana), and preserved matenal
provided evidence [or syvntopie ocewrrence of AL pliciter and M. (futens at the Chaines
Anosvennes. On the other hand, the morphological differences between these species arc
extremnely taint, and at present no rehable characters are known which could diagnose their
females or juvemles. This i in agreement with the situation in almest all groups of anurans in
Madagascar: the coierging preture mdicates thar all forms which dilTer hioacoustcally have a
high penetic differentiation and must be resarded as valid species both under evolutionary
and biological species conceprs, Among M, Juiens, M. plicifer and M, sealpiuratus, the lowest
genelic differences are found between M. fwens and M sewlpruraris, which were reliably
prouped as sister taxa by the phylogenetic analysis. The apparent allopatric distribution of
these species mdicates an altitudinal segregation, M. seadpiwraiuy mhabiting mid-clevations
and M. herens low-glevations along the ¢astern coast, This example may indicate that sibling
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specics Lhat segregate along elevational pradients in Madagascar are phylogenetically vounser
than those which oceur m close svmpatry (as ML plicifer M. lwtens o1 M, plicifer — M.
Seulprratig ),

The presence of a new species, Mantidactyvlus ambolitra. at Montagne d’ Ambre in far
northern Madagasear has already been suspected by Graw & VENCES {1994). whe figured a
specimen from this locality as " Muantidactvius of asper”. The isolated Montagne d Ambre
ruimtorest shares a rather large number of species with the eastern and north-eastern rainfor-
esls which, en the contrary, are nol present in the north-western (Sambiruno) region
(RaxworTiry & Nusspatn, 1994; RASELIMANANA et al., 2000), but the taxonomy of the
Ambre populations has so far not been studied in detail. Our unpublished bioacoustic and
genetic data indicate substantial differcnuanon of the Ambre populations of at least three
uther species shared with the east. namely Heterixalus betsileo, Mantidactvius curins and
Muantdaciyhis liher. At least some of these populations possibly merit a stulus as separate
species, and may have onginated by allopatrie speciation in the isolated rainforest patch of the
Ambre massif,

As the nccurrence ol Mantidacrylus luteys in Antsalova was based on a misidentification
of MNHN 1975327 (actually belonging 1o M. pseudoasper or M. corvus), ni reliable records
of any species of the M. asper group and of the whaole subgenus Gepdtrronantiy existal present
[rom western Madagascar, Similarly, the record of ML granudaius lrom Antsingy ( BLOMMERS-
SenLOssrr & Brane, 1991} is in need of confirmation as we did not find any voucher specimen
in the MMNHN and ZMA collections on which the distribution data ol these authors were
largely hased, EyaNnueLr & Jest (1995) did not record M. gramudaties from this arca. The only
recards of the whole Gephivromeantis-Lawrentomantts-Phyvlaconantis assemblage occurning in
western Madagascar refer theretore to M. vorvis and possibly M. psendoasper, This pattern
correlates with reproductive modes. M. vorme and M. psendoasper have tadpoles developing
normally in brooks (though o’ derived morphology: sce Graw & Vences, 1994): Gephyio-
maniis have direct development ( BLovnvrrs-Somn Osser, 1979 Graw & Vewces, 1994 direet
development 1s also probable in some Lawrentomaniis (GLaw & VEnces, 1994y and the
species ol the M. granularus group may have cither direct development (e.g. M. feucomacula-
s} or non-feeding tadpoles (M. grandanes), althouph no detailed observations have so far
been published. The absence of species with direct development and similarly derived
reproductive maodes from western Madagasear 15 probably a consequence of the need of
continuous huimdily for the development of terrestrial nests. The seasonal environments in
western Madagascar possibly do not provide the climatie contmmty for suceesstul reproduc-
nion of direct-developing i anurans or for the survival of their dunimutive juveniles. This may
also be the reason for the absence of cophvhine microhylids of the genus Plethodontolnla (with
non-feeding tadpoles developing in terrestrial nests) rom western Madagascar.

In the molecular analyses, the subgenus Gephiromantiy (ncluding the Maniidactidus
asper graup) was a paraphvletic assemblage along the brinch leading towards the subgenera
Lauremtomnaniis and partly Phylacomaniiz (the M. cramdatus group). while another section of
Fhyvlacomantis was placed basal to all these taxa (M corviy and M. pseudoasper), Rela-
tionships of Lawrentomantis to M. gramulatus were also obvious from the cladograms of
Riciarnset al, (2000), [T thas topalogy was confirmed by further molecular or marphological
data, it would indicate (beside the obvious diphyly of’ Philecomaniv) thal the assemblage of
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dircet-developing Mantidactyhe species cvolved from hrook-breeding ancestors such as M.
corviy and M. pseudoasper IF new licld data confirm \hat M. eramlars has (possibly
non-feeding) tadpoles rather than true direct development, the phylogenetic topology would
furthermore suggest reversal of the reproductive mode (from direct development back 1o
tadpoles) in this species. Such a (multiple) reversal has also been suggested for Neotropical
hvlid frogs ol the genus Gasrrarheca (e.g., SCANLAN al. 1980: Do Pryo & Escopak, 19815
Duriivay & Hriis, 1987 see also discussion in Dumois, 1987) in this genus, direct
development appears to be the ancestral state, and montane species from the Andes are
hypolhesized 1o have re-acquired a free swimming tadpole stage through developmental arrest
i the course of their cvolution. However, some Andean species of direct development may
have returned dagdin to this reproductive mode (DurLLyas & s 1987}, which would
mdicate a high plasticity of this trait m this frog group. The testing of these hypotheses
appears highly attractive to address general guestions ol amphiban evolution, and may
qualify  beside (Gustrotheca  the Gephvromantis-Leprentomantis- Pl lacomantiy lincage as a
suited model group tor such studics.
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