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VARIATION IN MANTIDACTYLUS MADECASSUS MILLOT & GUIBE, 1950, A

LITTLE KNOWN MALAGASY FROG, WITH RESURRECTION OF
MANTIDACTYLUS PAULIANT GUIBE, 1974

MIGUEL VENCES' AND FRANK GLAW?
! Zoologisches Forschungsingtitut und Muvenm Alexander Koenig, Bonn, Germany

* Zoologische Staatssammiung, Minchhouseasir. 21, D-81247 Minchen, Germany

Bused on morphelogical differences, specimens currently attributed to the Malagasy montane
trog specics Mantidaotyfies madecassus can be divided into two distiner groups, which correspond
to the geographically separated populations from the mouniuin massils of Ankaratra and
Andringitra. The Ankaratra populations differ [rom the Andringitra populations by the lack of
distinetly bilebed subarticulor tubereles on the tingers; more extended webbing between the
toes; and a less contrasting darsal colour pattern. Furthermore, they are distinguished
morphometrically. The name Mantiducivis pauliant Guibé, 1974 is available tor the Ankadralra
specimens and is hereby resurrcoted, A lectotype ol M. madecassuy 15 designated. The two
species share a lack of vomerine teeth and both possess a very short snout, and should he
considered as closely related allopatric sister taxa. So far as is known, they pccur between 1500
and 2500 m altitude (mainly above 2000 m), in brooks and their tributaries in arcas of ericoid
vegelulion orol rock formations with rupicolous plant communitics. A shortreview of Malagasy
montane amphibian species is provided. vonfirming that montane habitat in Madagascar
harbours an important diversity of specics specialized to high-altitudes,

Kev words: Anura, Ranidae, Mantellinae, Brygoomantis. montane herpetolauna, Madugascur

INTRODUCTION

Madagascar contains a rich diversily ol habitat
types, mainly due to the variety of chimales, The castern
rainforest belt is separated [rom the western arnid re-
gions by a high plateau on which special montane
ecosystems are found. The three highest massifs are
Tsaratanana in the north (2876 m), and Ankaratra
(2642 m) and Andringitra (2638 m) w central Mada-
gascar. The Malagasy montane herpetotauna is known
from extensive collections, harboured mainly in the
Museum National d'Histoire Naturelle (MNIIN), Paris,
but basi¢ information on the biology and ecology of
most species is still lackng.

Recently, Raxworthy & WNussbaum (1996a) re-
viewed the montane amphibian and reptile
communities ol the Malagasy massifs of Andringitra,
Ankaratra, and Tsaratanana, based on their own sur-
veys. They found that a relatively large number of
species are restricted 1o the montane heathland, and re-
jected the hypothesis that this habitat is artificial and
faunistically depauperate, In another publication
(Raxworthy & Nussbaum, 1996h), the same authors
emphasized the similarities in  the montane
herpetofauna between the Ankaratra and Andringitra
massifs.

One [rog species so far known only from high alu-
tudes of these two massifs 1s Mantidactylus madecassus

Correspandence: M. Vences, Zoologisches Forschungsinsti-
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(see Millot & Guibé., 1950; Blommers-Schlisser &
Blanc, 1991}, which was not collected in the survey of
Raxworthy & Nussbaum (19965), and thus nol in-
cluded in the list of montane amphibians [rom
Madugascar published by Raxworthy & Nussbaum
(19964).

M. madecassus 15 a representative of the most
speciose and heterogeneous anuran genus in Madagas-
car. According Lo the most recent descriptions (Vences
et af, 1997: Glaw & Vences, 1997, Andreone et al.,
1998), the endemic penus Mantidacry/us currently con-
tains 63 desenbed species classified into 12 subgenera
(Dubois, 1992 Glaw & Vences, 1994). M madecassus
is included in the subgenus Brygoomantis Dubois, 1992
(formerly Mantidactylus wicerosus group) which cur-
rently  consists  of  seven  wvalid  species
( Blommers-Schldsser & Blanc, 1991, Glaw & Vences,
1994). Brpgoomantis are distinguished from repre-
sentatives of other subgenera of Mani/dacivius by a
derived karyotype (chromosome number 2y = 24, see
RBlommers-Schldsser & Blanc, 1991, not known in M
madecassus) and @ combination of femoral gland strue-
ture (glands including a prominent rounded structure
with external median depression, rudimentary glands
present in females), sexual dimorphism in tympanum
size (males having a larger tympanum than females),
slightly distensible single subgular vocal sac in males,
shightly enlarged [inger and toe discs, semiaquatic and
partly diurnal habits, tadpoles with generalized
mouthparts and distinct spiral-shaped intestine visible
through ventral skin, and advertisement call structure
(series of pulsed calls with low intensity).
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[n the course of our ongoing revisions of the frog
genera of Madagascar, we examined the type material
of Mantidactyluy madecassuy and of its junior Synonym
M. pawiiani. In the present paper, we give a detailed re-
deseription 6f both taxa and revalidate M. pawliani
hased on several morphological and morphometric dif-
terences. We also provide an updated list of montane
amphibians of Madagascar, and a comparison between
the herpetofaunas of Andringitra and Ankaritra,

MATERIALS AND METHODS

The following morphoelogical measurements were
taken with a calliper to the nearest 0.1 millimeter: SVL
(smout-vent length), HW (head width). HL (head
length). ED (horizontal eve diameter), END (eye-nos-
tril distance), NSD (nostril-snout tip distance), NND
(nostril-nostril distance), TD (lympanum diameter),
HAL (hand length), FORL (forelimb length), HIL
(hindlimbh fength), FOL (foot length), FOTL (foot
length including tarsus). All available specimens of the
taxon peuliani were measored, whereas in M,
madecassus specimens measured were selected accord-
mg to their state of fixation, in order to get a sample ina
comparable state to the pauliani specimens. All meas-
urcments were taken by the same person (MV).
Institutional abbreviations are as listed in Leviton er a/,
(1985). Webhing formula follows Savage & Heyer
(1967) as modified by Myers & Duellman (1982) and
Savage & Heyer (1997). To facilitate comparisons with
other species of Mantidactyfus, we also give the for-
mula used by Blommers-Schldsser (1979) and most
subsequent authors who have published accounts on
Madagascan anurans.

Femoral glands were examined and photographed
under a stereo-microscope. Our description refers to the
macroscopic appearance of the gland on the ventral fe-
mur, In a few specimens. we also carefully removed the
skin of the ventral femur and turned it upside down: by
this procedure, the gland structures, which remain com-
pletely attached to the skin, could be examined in more
detail and could easily be distinguished from simple
granular thigh patches us present in many frogs,

FIG, 1. Mantidacowlus madecassus (AFMK 57416 from
Cluvelle Boby, Andringitra) in life.

Morphometric data were processed statistically with
the software package SPSS for Windows, version 6.1.2.
Samples were compared [or representative ratios by
non-parametric Mann-Whitney {l-tests, Data were
transformed logarithmically (log ) to render relation-
ships between them linear. A Principal Component
Analysis (PCA) was carried out using the log, -trans-
formed data (three factors extracted).

RESULTS

VARIATION IN M, MADECASSLS

According to Blommers-Schlosser & Blanc (1991),
M madecussus is known from seven localities: Ankara-
tra, Nosiarive, lvangomena, Andohariana, Am-
balamarovandana, and Anjavidilava. The frst two lo-
calities are located in the Ankaratra massif and refer to
the type series of the taxon Mantidaciyius pauliani
CGuibe, 1974 (which was synonymized with M made-
cassus by Blommers-Schldsser & Blanc, 1991}, and to
several ZMA specimens previously also referred to M
patliani (sce Blommers-Schltisser, 1979). All other lo-
calities are located in the Andringitra massif according
to the map in Blommers-Schlbsser & Blanc (1991),
which did not include information on voucher speci-
mens, We [ound MNHN vouchers for all mentioned
sites except Ambalamarovandana. Several other locali-
tics are corroborated by MNHN specimens and by one
ZFMK specimen (Fig. 1); all these sites are located
close to each other within the Andringitra massif,

Detailed examination and direct comparison of all
available specimens demonstrated that they can be clas-
sified into two distinct groups, corresponding to the
Andringitra and Anlkaratra samples, respectively. Dii-
ferences are (a) subarticular tubercles on fingers (very
prominent, mostly bilobed in Andringitra specimens,
hut single and indistinct in those from Ankaratra; Fig.
2); (b) webbing (more extended in Ankaratra, generally
reaching the dise of the [ilth toe); and (d) colouration
(darker and more uniform in Ankaratra),

Additionally, distinet morphometric differences be-
tween both samples were found. Measurements of all
available Ankaratra specimens and of a representative

FIG. 2. Ventral side of hands of type specimens of A
madecassus (MMNIN 1953.246: leit) and M. paulioni
{MNHIN 1972.1508, right). Not o scale. Mote difference in
shape of subarticular tubercles,
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FABLLE 1. Measurements (in mmi) of adult specimens of Mantidactyius madecarsuy and M. papfiani See Miterials ind Methods section for abbreviations of characters, LT = lectotype, PLT =

paralectotvpe, HT = holotype, FT = paralyvpe.
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TABLE 2. rincipal component loadings (PCL) of the first three principal components fom a principal
compenent analysis of data in Table 1 (log-transformed), given separately for analyses of male and female data.
The five most influential PCLs for each principal component are marked by a superseript ranking,

PCA of males

PCA of females

Variable PCLI PCL2 PCL3 PCL1 PCL2 PCL3
SVL 0.107 0.170° -0.077 0.094 0.003 0.122
HL 0.115 0.037 -0.040 0,102+ 0.024 0.268
HW 0.110™ 0.033 -0.076 0.107! -0.016 0.123
END 0.005 0.406' -0.059 0.060 0.419' -0.278°
NND 0.015 0.293° 0,547 0.062 0.363° 0,292
NSD 0.071 0.3012 0316 0,083 0.238* -0.623"
ED 0.077 -0.010 0.4612 0.085 -0.288 -0.106
D 0.105 0.062 0.262} 0.086 0.113 0.811'
FORL 0.117' -0.050 0.011 0,102%*  -0.149 0.033
HAL 0.099 -0.214* 0.097 0.092 -0.263¢ 0.032
HIL 0.114’ -0.001 -0.108° 0,102 0,029 -0.458
FOL 0.108 -0.118 -0.065 01065  -0.087 -0.100
FOTL 0110  -0.115 -0.170" 0.106%"  -0.099 -0.114

sample of Andringitra specimens are given in Table 1.
We performed a statistical comparison of both samples
using Mann-Whitney U-tests on the ratios in Table 3,
males and females were tested separately. Males and
females from Ankaratra had relatively longer hands
(P=<0.05 in females; P<{0.] in males), shorier eve-nosiril
distances (relative to head length; £<0.05 in males;
P<0.001 in lemales). shorter nostril-snout tip distances
{relative to head length; significant only in lemales:
P=<0.003%). and shorter nostril-nostril distances (relative
to head width; P<0.05 in males and females). In both
samples, relative tympanum width was larger in males
than in females (ratios TDVED and TD/SVL), but these
differences were nol stalistically significant.

A multivariate PCA resulted in a clear separation of
the two samples both in separate and combined analy-
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FIG. 3. Seatterplots of second and third principal companents of a PCA of log-transformed data in Tahle 1, analyzed separately for

males and females.

ses of males and females. After removal of the first fac-
tor (eguivalent o the size or growth effect), the second
and third factors (equivalent to the most important
shape factors) were plotted in Fig. 3. Both samples
were mainly separated along the second principal com-
ponent. The most influential loadings of the second
principal component (Table 2) corresponded largely to
those variables previously identified as significantly
different between the samples; END, NSD, NND, HAL
and SVL in males; END, NND, ED, HAL and NSD in
females.

Table 3 summarizes the most important morphologi-
cal and morphometric differences between the
Ankaratra and Andringitra samples. A discriminant
analysis using the dala in Table 1 predicted correctly
group membership ol all specimens with P<(1,0001.
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TABLE 3. Difterential characters between Mantidaciyiurs madecassus and M. pawdiam. Variable ratios are given as mean + 8D
(minimum and maximum values in parentheses), Daty were compared using Mann-Whitney [5ATests. Significant differences
between data pairs are marked with asterisks; ® P<0.05, ** P=0.005, =** P<0.001.

Species M. madecassus M. pauliani
(Andringitra) (Ankaratra)

SVL {males) 27.0-29.8 mm 24.8-31.6 mm

SVL (females) 25.4-33.7 mm 24.4-33.7 mm

HAL/SVL (males) 0.27 = 0.02 (0.26-0.30) 030+ 0,02 (0.28-0.32)

HAL/SVL (females) 0.26 + 0.02 (0.24-0.29) * 0.29+ 0,02 (0.26-0.33) *

FOTL/HIL (males)
FOTL/HIL (females)
ENIDYHL (males)
END/HIL. {females)
NSD/HL (males)
NSD/HL (females)
NNDY/HL (males)
NND/HL (females)
HL/ASVL (males)
H1./SVI, (females)

HW/SVL (males) 0.34 +0.02 (0.34-0.36)
HW/SVL (females) 0.33+0.01 (0.31-0.35)
TD/ED {males) 0.74 £ 0.17 (0.55-{1.91)

TD/ED (females)
Colour in preservative

Subarticular finger
tuberceles

Foot webbing

(.48 + 0.02 (0.45-0.50) *
0.49 | 0.01 (0.47-0.50)
0.19 £ 0.01 (0.18-0.20) *
0.18 +0.01 (0.17-0.21) =**
0.21 + 0.01 (0.20-0.22)
0.23 + 0,02 (0.20-0.25) **
0,31+ 0,02 (028-033) =
0.31 4 0.02 (0.28-0.35) *
0.36 + 0.01 (0.34-0.37)

(.34 £ 0.01 (032-0.37)

067 £ 0.07 (0.60-0.77)
mostly beige with dark markings. maostly uniformly dark with

distinet, bilobed.

ends just below disc on toe 3,

0.51 +0.01 (0.50-0.52) *
0.50 = 0.03 (0.48-0.57)
0.15 = 0.01 (0.14-0.17) *
0.15=0.01(0.13-0.18) ===
0.20 £ 0,01 (0.19-0.21)
0.19 = 0.01 (0.18-0.22) **
0.26 = 0,03 (0.24-0.30) *
0.29 = 0.02 (0.25-0.33) *
0,37 = 0.01 (0.36-0.38)
0,35 = 0.02 (0.32-0.39)
0.36 = 0.01 (0.36-0.37)
0.35 + 0.02 (0.32-0.38)
0.77 = 0.14 (0.56-0.89)
0,63 = 0.11(0.50-0.90)

indistinct darker markings
indistinct, not bilobed.

reaches disc on toe 3.

Within the genus Mantidactylus (and also other
Malagasy anurans), there is no other example of such
important morphological differences (especially in the
shape of the subarticular tubercles) between
papulations included in a single species. Generally,
even slight morphological differences  between
populations are paralleled by bioacoustic (see data n
Glaw & Vences, 1994) or, as in the genus Maniella, by
genetic differentation (Vences er @l., 1998). Some-
times, hioacoustically well ditferentiated
Mantidactyvius species are even virtually indistinguish-
able by morphology (Glaw & Vences, [994)

We consider the differences found between the
Andringitra and Ankaratra populations attributed to
Muantidactylus madecassus as sufficient support for a
distinction at the specific level. Because the name
Mantidacrylus pauliani 1s available for the Ankaratra
populations, we resurrect this name from the synonymy
of M. madecassus.

REDESCRIPTION OF M. MADECASSUS AND M
PALULIANT

MANTIRACTYOUS MALECASSUS MILLOT & GUIRlL 1930

Diagnosis. A species of the genus Mantidactyluy as
indicated by the lack of nuptial pads m males and the
presence of femeral glands (verified in ZFMK 57416),

A member of the subgenus Brygoomanris as indicated
by (a) sexual dimorphism in tyimpanum size (males
having a relatively slightly larger tympanum than fe-
males): (b) only slightly enlarged finger and toe dises:
(¢) well developed webbing between toes; and (d) pres-
ence of femoral glands including a rounded structure
with external median depression, and of rudimentary
fernoral glands in females (veritied in ZFMK 57416).

M. madecassus 1s distinguished from all other spe-
cies of Mantidaciyiuy by the presence of distingt,
bilobed subarticular tubercles on the fingers (never
bilobed in other Mantidactvlus): further from all other
Muntidoctvlus except M, pauliani by the unique head
shape, with a broadly rounded. very short snout; from
other species ol (he subgenus Brypoomantis except M.
panfiant by the lack of vomerine teeth: and, addition-
ally, from M. besileanus, M. biporus and M, alfutus by
the great extent of the webbing between the toes. For
further distinction from Mantiductviuy pauliani, see be-
lowy,

Name bearing fype. Lectotype (hereby designated)
MNHN 1953246 (Fig. 4). Collected by 1. Millot at
Cirgue Boby, Andringitra massif. Specimen in medio-
cre state of preservation. Colour patterns well
preserved, dorsally beige with irregular large dark
brown markings, ventrally uniformly light. Fingertips
slightlv enlarged. Fingers with very distinct bilobed
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FIG. 4, Lectotype of M. madiecassus (MNTIN 1953.246, lell)
and holotype of M panliani (MNHN 1972.1508) in dorsal
YIEW,

subarticular tubercles. No femoral glands visible (pos-
sibly due to poor fixation). Webbing formula of foot: |
=201 —201 1I'=2" IV 2' =1 V. Webbing formula
according to the notation of Blommers-Schlosser
(1979): 1(0.25), 2i(0.75), 2e(0), 3i(1), 3e(0.25), 4i(1.5),
4e(1.25), 3(0). Toe 5 of same length as toe 3. Foot
longer than tibia. Tibiotarsal articulation reaches the
centre of the eye.

(ther types.  Eight  paralectotypes (MNHN
1989 3590-3597; originally all subsumed under
MNHN 1953 246) in a mediocre state of preservation,
partly in worse state than the lectotype, all with the
same collection dates and locality as the lectotype. The
original cataloguce entry reads 10 specimens under
MNIIN 1953246, but only ¢ight specimens (beside the
lectotype, which retained the original number) were
given new numbers in 1989, The missing specimen 18
probably BMNH 1950.1.2.80, which is labeled as co-
type and was reccived in 1950 from J. Guibé. This
specimen, in 4 better state of preservation than the
MNIIN specimens, must therefore also be regarded as
paralectotype

All paralectotypes agree morphologically with the
lectotype. The following data refer to variation in three
specimens (MNHN 1989.3591-3592, 1989.3564),
Webbing formula [ (1 =17y —(1"=-2)I {1 - 1") (2
29 ={2-3)IV(EZ-3)-(1 - 1") V. Webbing for-
mula according 1o the notation of Blommers-Schifisser
(1979): 1(0-0.25), 2i(0.5-1), 2e(0-0.5), 3i(1-1.5),
3e(0.25), 4i(1-2), 4e(1-1.75), 5(0-0.5), Toe 5 of same
length as toe 3. Fool longer than tibia. Tibiotarsal ar-
ticulation reaches posterior eye margin in MNHN
1989.3591 and 3594, tympanum in MNHN 1972.3592.

The prominent hilobed subarticular tubercles on the
fingers are visible in all specimens, Femoral glands are
not ¢clearly recognizable in any paralectotype. probably
dug to their poor state of preservation,

Addirional material examined. ZIMK 537416 {Cu-
vette Boby, Andringitra, collected by F. Glaw and M.
Vences on 18 January 1994) and 26 specimens from the
MNHN, all collected by C. P. Blanc and co-workers

during their 197(4/71 expedition to the Andringitra mas-
sif, MNHN 19721181 (Cuvette Boby, 28.11,1970),
|182-3 (Marositry), 1184-5 (Andohabatomanara,
Varavarana, ruisscau, [8.11.1970), 1186 (Plateau
Andohariana, riv. Riambavy, ca. 2030 m altitude,
6.12.1970), 1189 (Cuvette Boby, 25.11.1970), 1190
(Ihory face ouest, 17.12.1970), 1191 (Cuvette Boby),
1192 (Ibory face ouest, 25.11.1970), 1193-5 (Cuvelle
Baoby), 1196-7 (Ihory tace nord, ruisseau, 16.12.1970),
1198-9 (Antsifoira. 4.12.1970), 1200-1 (plateau
Andohariana, riv. Riambavy, 2.12.197(0), 1202-3
(Anjavidilava, 9.1.1971), 1204-5 (lbory face sud,
16.12.1970), 1206 (Cirque Boby, 26.11,1970). MNHN
19721187 (lbory, 16.12.1970) and 1188 (Ivangomena)
were nat examined: in the MNHN catalogue, they are
pravided with the comment “echangé Duellman 19777
and almost certainly they correspond to the specimens
KU [73060-61 (L. Trueb, pers. comm.).

All examined specimens correspond well with the
type series. Femoral glands (a small, rudimentary struc-
wre with median depression and additional irregular
structures towards the anal region) are recognizable in
ZFMEK 57416 (probably a female), but are not evident
in MNHN specimens, probably due to poor fixation and
preservation.

[isriburion. Locality coordinates and altitudes are
given according to Paulian ef @l (1971) and Goodman
(1996a.b). The species is only known from the
Andringitra massil and was found at 9-10 localities be-
iween ca. 1500 and 2500 m altitude {(most localities
higher than 2000 m): (1) Cirque Boby, 2520 m (se¢
Blommers-Schlisser & Blanc 1991 254), probably
2271 1"S/46753"E; (2) Cuvette Boby, ca. 2470 m,
22°11'S/M46733°E; (3) Andohariana plateau, ca. 2030
m, 22°09'5/46"54'E; (4) Anjavidilava, 1800-2100 m,
22°09°S/M46°57'E; (5) Marositry, ¢a. 2000 m, 22°10"S/
46°56°E: (6) Varavarana 1500-1850 m, 22708°S/
46937 °E: (7) Antsifotra, e, 2000 m, 22°10°5/46°56"F
(altitudes and coordinates referring to Antsifotra
River); (8) Ivangomena, 2100-2500 m, 22°Q9°§/
46°53°E; (9) lbory (north, west and south slope), prob-
ably referring 1o Pic Bory, up to 2630 m, 22°11°S/
46°55°E, possibly also (10) Ambalamarovandana, alti-
mde ca. 1330 m, 22°08'546°57°E (locality in
Blommers-Schlésser & Blanc 1991, possibly referring
to a personal observation of C. P. Blanc).

Natural histary. MNHN 1989.3593 (§VL 31.3 mm)
contained 10 very large (diameter 3.8 mm) uniformly
vellowish oocytes, MNHN 1972.1206 (SVL 31.4 mm)
contained 28 vellowish to light brown ococytes ol 2-2.3
mm diameter, We found two specimens in a stagnant
tributarv of & brook, surrounded by sricoid vegetation
(Glaw & Vences, 1994), Specimens were sitting in or
near waler, and readily dived when disturbed.

MANTIDACTVLUS PALLIANT GUIRE, 1974

Dragnosis. A species of the genus Mantidactylus as
mdicated by the lack of nuptial pads in males and the
presence of femoral glands. A member of the subgenus
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F1G. 5. Femoral gland of Mamtida rtees panliani (MNHN
19721514, mule) in internal view {on the underside of
ventral femur skin after dissection), Scale = 1 mm

Brygoomantis as indicated by (a) sexual dimorphism in
tympanum size (males having a relatively slightlv
larger tympanum than females); (b) only slightly en-
larged finger and toe discs; (¢) well developed 1oe
webbing; and (d) presence of femoral glands including
a prominent rounded structure with externu| median de-
pression, and of rudimentary femoral glands in females.

M. panliani s distinguished from all other
Mantidactvlus except M. madecassuy by the unigue
head shape, with a broadly rounded, very short snout;
from ather species of the subgenus Brygoomantis ex-
cept M. madecassus by the lack of vomerine teeth; and,
additionally, fram M. hetsileatus, M, biporus and M
alutus by the great extent of the foot webbing. M
pavlinni is distinguished [rom M. madecassuy by the
single and indistinet subarticular tubercles on the fin-
gers, by the areat extent of the webbing between the
toes (webbing extending onto disc of fifth toe), and by a
less distinet dorsal pattern.

Name bearing type. Holotvype MNIHN 19721508
(Fig. 4). Collected by C. P. Blanc at Nosiarivo,
Ankaratra massif, Adult male in excellent state of pres-
ervation. Dorsal colour uniformly dark brown, with a
few lght elements on femur resulting in slight
crosshand pattern. Ventrally uniformly cream with a
slight fading from ventral to dorsal colour along the
llanks. Finger tips barely enlarged. Grevish outer meta-
larsal tubercle present, rather large and distiner, slim
(2.2 x 0.9 mm),

Webbing formula I 1 = 1" 1 =211 ' -2 IV I" =0
V. Webbing formula according to the notation of
Blommers-Schiltisser (1979): 1(0), 2i(0.5), 2e{0), 3i(1),
Je((h25), 4i(1), 4a(0,25), 5(0). Toe 5 of same length as
toe 3. Fool longer than tibia. Tibiotarsal articulation
reaches the tympanum,

Femoral glands present, consisting of one larger,
rounded externally prominent structure with a median
depression, and irregular, less prominent groups of
granules proximally. A rosette-like structure of several
ol these small eranule groups is recognizable.

Fivr. 6. Femoral gland ol Mantidecrdis panlioni, MNHN
(9721511, temale, in inwrnal view {on the underside of
ventrl femur skin after dissection). Seale=1 mm.

Chher tppes. Bight paratypes, Four males (MNHN
9721509, 19721512, 1972,1514, 1972.1516), three
females (MMNHN 19721510, 19721511, 1972.1515),
and one possibly subadult male (MNHN 1972.1513).
VINHN [972.1509-1513 with the same collecting dates
and locality as the holotvpe, MNHN 1972.1514-1516
vollected by C. P, Blanc at Betay foresl, Ankaratra mas-
sit, All m excelleni state of preservation. Dorsal colour
rather uniform, but lghter with large dark brown mark-
ings in a few specimens (e. g MNHN 9721509},

The lollowing data refer to variation |n three
paratype specimens (MNHNIST2.1510, 1972.1514-
1515). Webbimg formula l 1 = 171112111 1* -2 IV (1
-2)—0"V. Webbing formuls according to the notation
of Blommers-Schlosser (1979); 1(0), 2i(0.5). 2e(0),
A1) 3e(0.25-0.5), 41(1), 4e(0.25-1), 5(0). Toe § of
same length as toe 3. Fool longer than tibia. Tibiotarsal
articulation reaches the posterior eve margin in MNHN
[972.1514, the tympanum in the other two specimens.

Femornl glands are visible in all specimens, alse in
females (although clearly smaller), The sland section
with external median depression is siall in the males as
compared with other Brvesomanuy: The smaller,
proximil groups of granules are also present in females,
but rosette-like siructures are less distinct in most fe-
males. It 1s not easy to distinguish externally between
miale and female glands. Females are therefore only
tentatively sexed except MNHN 19721511 which was
dissecizd (ses below),

After dissection of one male (MNHN 1972.1514). it
could be recognized that the gland settion externally
showing the median depression consists of two median
granules surrounded ecwrcularly by seven slightly
smaller granules, and the proximal smaller lrregular
structures are groups of several much smaller granules
(Fig. 5). In a Temale (MNHN 1972,1511), the rudimen-
tary median depression section was i central granule
surrounded by seven granules of similar size, and the
proximal irrcgular groups ol granutes were smaller and
muore widely spaced (Fig. 6)
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Additional maierial examined. ZMA 6803, five
specimens ndividually labeled with the field numbers
[184-1188, collected by R. Blommers-Schltsser on
21.3.1973 at Nosiarivo, Ankaratra massif, 2200 m alti-
tude,

Distribufion. Known from two collecting sites, lo-
cated close to cach other in the Ankaratra massif at
altitudes above 2000 m: (1) Nosiarivo, 2200 m (see
Blommers-Schlidsser 1979); (2) Betay forest (accord-
ing to Viette 1991: Ambohimirandrana, 2100/2200 m),

Natural history. One female (MNHN 1972.1511)
contained 16 mature uniformly yellowish oocytes of
3.5 mm diameter. According to Blommers-Schldsser
(1979), specimens were found under boulders in rapids.

DISCLISSION

RELATIONSIIFS OF MANTIDACTYLUS MADECARSUS AND
M. PatiEIANT

Mantidactylus madecassus and M, pauliani can be
considered as strictly montane amphibian species, oc-
curring between 1500 and 2500 m altitude, mainly
above 2000 m, Habitats, so far as s known, are brooks
and their tributaries in arcas of ericoid vegetation or of
rock tormations with rupicolous plant communities
(compare locality lists with site descriptions in Paulian
el al, 1971; Blommers-Schlosser, 197%9: Glaw &
Vences, 1994; Goodman 1996:).

The distinguishing features between M. madecassus
and M pauliani have already been shown by Guibé
(1978) in his drawings of the hands and feet of both
species (figs. 14-15 versus 72-73: M. madecassus hay-
ing bilobed to paired subarticular tubercles on fingers,
and its webbing not reaching the disc of the (ifth toe).
Guib¢ (1978) also mentioned the special subarticular
tubercles  of M madecassus  as  “élargis
ransversalement, ceux du doigt 3 parfois doubles™.
However, neither in the original description of
Mantidactvlus pawlioni (Guibé. 1974) nor in his mono-
graph (Guibe, 1978) did he mention the obvious
external resemblance of paunliani and madecassus.
Their similarity was seemingly first noted by
Blommers-Schldsser & Blane (1991), These authors,
however, did not recognize the differences hetween the
taxa (characterizing the subarticular tubercles as “peu
saillants”, probably based on examination of panlian/
specimens only) and synonymized them without any
discussion,

The head shape shared by Mantidactlus
madecassus and M. pauliani 1s unique among Mala-
gasy trogs and may be regarded as a denived state. The
raunded, short snout strongly resembles that of Euro-
pean newts, genus Tritwrns, in their aguatic phase, and
may be 4 morphological adaptation te largely aquatic
habits.

Attribution of the two species to the subgenus
Birvgoamantis is mainly based on femoral gland mor-
phology, because the other main synapomuorphies of the
subgenus (reduced chromosome number and spiral-
shaped intestine of tadpole) are unknown. However, the

:aimi]ﬂ:ityI of the structure of the femoral glands to cer-
tain ﬁp{ECIES_uf Bryvgoomantis, such as Mantidactylus
curtus, 1s striking (pers. obs.), and the subgeneric attri-

bution of M. madecassus and M pauliani is therefore
rather certain,

EELATIONSHIFS OF THE MONTANE AMPHIBIAN FAUNA
OF ANKARATRA AND ANDRINGITRA MASKIFS

A recent analysis of montane herpetofaunas in
Madagascar (Raxworthy & Nussbaum, 19964) com-
pared the high mountain communities endemic to
altitudes higher than 1500 m of the three highest mas-
sifs in Madagascar: Andringitra, Ankaratra and
Tsaratanana. As these authors found no additional spe-
cies of amphibians and reptiles during the final 3-5
survey days at each site, they considered the species
lists compiled during their surveys as “nearly com-
plete™. Their reptile data actually appear to be relatively
complete, in comparison with available literature. Ac-
cording to Raxworthy & Nusshaum's (1996a) list,
however, they only recorded the amphibians
Anodonthyla maontana,  Plethodontohyla  tuberata,
Boophis microtympanum, Mantidactylus aerumnalis,
M alutus, and M dumerguei as high mountain species
of the Ankaratra and Andringitra massifs. At least half
of the mentioned species also occur lower than 1500 n
altitude and therefore cannot be viewed as high moun-
tain endemics in the sense defined by Raxworthy &
Nussbaum (1996a). M. domerguei is known between
200-1800 m altitude (Glaw & Vences, 1994), and M
alutus vecurs at feast down to 1200 m altitude, M
aerumnalis sensu Andreone & Gavetti (1994) is only
known from the type locality Andrangoloaka (1389 m
according to Viette, 1991) and An’Ala (ca. 850 m, pers,
oby, ) and therefore is clearly not a montane species.
The records of M. aerwmnalis of Raxworthy &
Nussbaum (19%6a) may actually refer o M
brevipalmatus (which in the past was considered as a
synonym of M. aerumnalis; sce Blommers-Schldsser &
Blanc, 1991), but even this species is possibly not a
high mountain cndemic. According to Blommers-
Schlfsser & Rlanc (1991} it is known from Mandraka,
which lies at about 1200 m altitude. Equally, Beophis
micranmpanum is possibly not a high mountain en-
demigc, but the laxpmomy of populations from the lower
altitudes of Andringitra needs further study (see Glaw
& Vences, 1994), Although Plethodontohvia tuberata
has been recorded from Angavokely (Blommers-
Schlisser & Blane, 1991) which is at 1400 m (Viette,
1991}, this species and Anodonthvia moentana can be
considered as high mountain endemics, at least in a less
sirict sense, according to current knowledge.

Species which are more likely to be true high moun-
tain endemics were appirently not found in the surveys
of Raxworthy & Nusshaum (1996a,#), and thus not in-
cluded in their accounts. Boophis williamsi is only
Known from 2200 m altitude (Guibé 1974, Blommers-
Schltisser, 1979), whereas B lawrennt  occurs
1500-2650 m above sea level (Guibé, 1974). The few

exactly known localities [or Scaphiophryne madagas-
cariensis are between 1530 m (Ambalamarovandana)
and 2030 m (Andohariana), and Scaphiophryne pustu-
Jusa occurs at similar altitudes. Finally, Mantidactylus
madecassus and M. pawliani appear to be confined Lo
areas above 1300 m and can therefore be regarded as
high mountain endemics,

An updated list of the montane amphibians (defined
by & general restriction to altitudes of ca. 1300 m or
higher) occurring on the three Malagasy massifs of An-
dringitra, Ankaratra, and Tsaratanana (and partly at
other localities of high altitude; see Glaw & Vences
1994) is therefore as follows (data from Raxworthy &
Nusshaum, 1996a; Andreone er af,, 1998; and as dis-
cussed above): Baophis lawrenti (Andringitra), 8
willicomsi (Ankaratra), B ankaratra (Andringitra, An-
karatra), Mantidactving modecassus (Andringitra), M
pauliani (Ankaratra), Anodonthyvia mantana (Andringi-
tra), Plethodoniohila  tuberata  (Ankaratra), F,
gnentherpetersi (Tsaratanana), P. sp. A (Tsaratanana),
F. sp. B (Tsaratanana), . sp. C (Tsaratanana), Platvpe-
lis  isaratananaensis  (Tsaratanana), FP. sp. A
( Tsaratanana), Stumpffia sp. A (Tsaratanana), Seaphio-
phiryne madagascariensis (Andringitra), S pustulosa
(Ankaratra), and S sp. A (Tsaratanana), Additional
species which may be montane endemics but which
nead taxonomic revision are Boophis micratympanum
(Andringitra, Ankaratra), Mandidactylus brevipalmatus
(Andringitra, Ankaratra), and Mantidactvlus elegans
(Andringitra, Tsaratanana). This list contains up to 17,
possibly 20 species, whereas Raxworthy & Nussbaum
(1996a) listed 14 montane amphibian species. The gen-
eral conclusion drawn by these authors — that the
montane licathlands of Madagascar harbour a relatively
diverse endemic amphihian fauna —is therefore strong-
Iv conlirmed.

I'hree species pairs of mantane amphibians may be
examples of vicariant speciation between the
Andrineitra and Ankaratra massits. Mantidactvlus
mudecassuy (Andrinpitra) and M panlians (Ankaratra)
appear to be sister species dus to the probably
synapomorphic head shape and lack of vomerine teeth.
Seaphiophryne madagascariensis (Andringitra) and 5
pustnlosa (Ankaratra) share a greenish colouration with
sharply bordered brown markings which are not known
m other Scaphiophryne (see illustrations in Glaw &
Vences, 1994), Boophis laurenti (Andringitra) and A
williamsi ( Ankaratra) share a large relative foot length
and probably large blackish tadpoles (data in Blommers
Schlosser & Blane, 199]; Glaw & Vences, 1994). An
additional example is found in reptiles: the geckos
Lvgoduciiuy intermedins (Andringitra, 1700-2600 m,
see Pasteur, 1995) and L. mirabilis (Ankaratra, 2300-
2640 m). Andringitra and Ankaratra populations of all
other amphibian and reptile species which can be con-
sidered as mountain endemics (Booephis ankaratra,

Pheleuma barbowri, Calumma hillenivsi, Furcifer

campani,  Amphiglossus  sp, Moabwpa  boeligeri,
Mabuyva madavascarienyis) appear to be conspecific on
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both massifs (data from Glaw & Vences, 1994:
Raxwaorthy & Mussbaum, 19964). Other species such as
Plethodontohyiu tuberata and Anodonthvla montana
are known only from one of the two massifs and have
no closely related sister species in the other massif,
These species are therefore not helpful in indicating
any vicariant speciation events hetween Ankaratra and
Andringitra. The same is true for Mantidacivlus
elegans which occurs in Andringitra up to 2500 m, but
is not known from Ankaralra.

The climatic history of the Quaternary in Madagas-
car included dynamic shifts between drier and more
humid periods (Battistini, 1996}, According to the data
summarized in Burney (1996), ericoid vegetation of
Madagascar’s highest mountain ranges may have flour-
ished at times during the Pleistocene down to elevations
of ca. 1000 m. This continuous montane hahitat was
probably populated by the ancester of the M
madecassus/pauiian clade, as well as by the ancestors
of the other allopatric sister species. Due to a period of
warmer climate, it 1s possible that such high mountain
habitats and their associated amphibian fauna becamce
restricted to the high altitude refuges of Ankaratra and
Andringitra. In this scenario, the subsequent tempera-
ture decreases were not intense enough to allow the
montane habitats of both massifs 1o ger into long-term
contact at lower altitudes again, hence, montane
endemics of both massifs, such as the Manridacoyfus
madecassus and M, pawlioni ancestor, remained iso-
lated and several of them evolved into separate species.
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