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New Species of the Boophis tephraeomystax Group

(Anura: Ranidae: Rhacophorinae) from Arid
Western Madagascar
FRANK GLAW AND MIGUEL VENCES
A new species of rhacophorine frog, Boophis xerophilus sp. nov., is described from
deciduous dry forest of western Madagascar. The new species is the only known
representative of Boophis that is probably restricted to arid habitats. Males are characterized by a silvery back with distinct dark markings, a blackish throat, and advertisement calls. Lectotypes of Polypedates tephraeomystax Dumeril, 1853, and Rhacophorus doulioti Angel, 1934, are designated.

ROGS in the genus Boophis Tschudi, 1838, (TDK SA 90) were analyzed with the MEDAV
are endemic to Madagascar. Boophis was di- sound analyzing system Spektro 3.2. We took
F
vided into seven phenetic species groups by the following morphological measurements
Blommers-Schlosser and Blanc (1991). The Boo- with a calliper to the nearest 0.1 mm: SVL
phis tephraeomystax group currently includes sev- (snout-vent length), HW (head width), ED
en predominantly brownish species (Glaw and (horizontal eye diameter), END (eye-nostril
Vences, 1994; Ohler, 1996): B. tephraeomystax distance), NSD (nostril-snout distance), TD
(Dumeril, 1853), B. idae (Steindachner, 1867), (tympanum diameter), TBL (tibia length), FL
B. hillenii Blommers-Schlosser, 1979, B. guibei (foot length). Institutional abbreviations are as
(McCarthy, 1978), B. pauliani (Guibe, 1953), B. listed in Leviton et al. (1985). Webbing formula
opisthodon (Boulenger, 1888), and B. microtis follows Savage and Heyer (1967) as modified by
(Guibe, 1974). The latter species may actually Myers and Duellman (1982). To facilitate combelong to the genus Mantidactylus (Glaw and parisons with other species of Boophis, we also
Vences, 1994). Members of the B. tephraeomystax give the formula used by Blommers-Schlosser
group are distinguished from other Boophis by (1979) and most subsequent authors who pubthe combination of very reduced or absent web- lished accounts on Madagascan anurans.
bing between fingers (Blommers-Schlosser and
Blanc, 1991), breeding in shallow, often temBoophis xerophilus sp. nov.
porary pools (Blommers-Schlosser and Blanc,
Figures 1-2
1991; Glaw and Vences, 1994), small eggs with
a blackish animal pole, and a golden or copper Holotype.—ZFMK 59987, adult male, collected in
iris (except B. guibei) with an indistinct grayish the Kirindy forest (20°03'S, 44°39'E; below 100
periphery (pers. obs.).
m above sea level), about 60 km north of MoMost Boophis species occur in the eastern rain rondava, western Madagascar, on 21 January
forest belt. The highest species density was re- 1995 by F. Glaw.
corded around Andasibe (= Perinet), where 30
Boophis species have been found (pers. obs.). Paratypes.—ZFMK 59986, 59988 and 59989,
Only B. tephraeomystax was known to occur in the adult males, same locality, date and collector as
arid parts of western Madagascar (Blommers- holotype.
Schlosser and Blanc, 1991), but this species is
also abundant in the humid east. Herein, we Additional specimens.—Several uncataloged male
describe a new species of the B. tephraeomystax specimens (same locality, date and collector as
group which occurs syntopically with B. tephraeo- holotype) were deposited in the herpetological
mystax in the extremely dry areas of western and collection of the University of Antananarivo,
southern Madagascar. The new species is cur- Madagascar.
rently the only representative of its genus restricted to this habitat.
Diagnosis and comparison with other species.—A medium-sized species (males 34.5-38.7 mm SVL)
characterized by relatively short hind limbs (tiMATERIALS AND METHODS
biotarsal articulation reaches the eye), a roundVocalizations were recorded with a portable ed snout, distinct brown markings on the dorTensai tape recorder (model RCR-3222) and an sum and a black throat (in males). Boophis xeexternal microphone (Vivanco EM 238). Tapes rophilus is included in the B. tephraeomystax
i 1997 by the American Society of Ichthyologists and Herpetologists
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Fig. 1.

Fig. 2.

Boophis xerophilus sp. nov. holotype, dorsolateral view.

Boophis xerophilus sp. nov. holotype, ventral view.
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group because of the reduced webbing between
the fingers, golden iris with indistinct grayish
periphery, and breeding habitat. It is distinguished from the other species of the B. te-

a fine dark line; the markings can be classified
in three main figures, which are partly connected and roughly symmetrical on both sides of the
vertebral column: one triangle-shaped marking
phraeomystax group as follows: from B. opisthodon between the eyes, one butterfly-shaped marking
(SVL of males 52-57 mm) by its smaller size; in the middle of the back and one irregular
from B. pauliani (SVL of males 20-23 mm) by marking on the lower back. Tympanum brown;
its larger size; from B. tephraeomystax by the white spots along upper lip; upper surfaces of
rounded snout (nostril equidistant from tip of thigh, tibia and feet silvery-white with dark bars;
snout and eye in xerophilus, nostrils clearly near- forearm silvery-white with dark spots; pupil
er to tip of snout than to eye in tephraeomystax) black, iris golden; belly pure white, throat black,
and advertisement calls; from B. guibei by less ventral surface of femur pink, ventral sides of
webbing, smoodier back, and iris coloration; the two inner finger tips and the three inner
from B. hillenii by shorter hind limbs and from toe tips orange; webbing unpigmented (transB. idae by slightly larger SVL and advertisement parent) .
calls. It differs from all species of the tephraeomystax group by its distinct markings on the Color of holotype in preservative.—Similar to that
back. Boophis idae, B. hillenii, and B. guibei, which in life but grayer and with less contrast; ventral
are phenetically most similar to B. xerophilus, are surface of femur faded to yellowish.
only known from the eastern rain forest belt between 800 and 1100 m above sea level (Glaw Measurements of holotype.—SVL 35.1; HW 13.0;
andVences, 1994).
ED 4.1; END 2.7; NSD 3.0; TD 2.3; TBL 16.6;
FL 16.0.
Description of holotype.—Body slender; head not

broader than body; snout rounded in dorsal
and lateral view; nostrils directed laterally,
slightly protuberant, equidistant from tip of
snout and eye; canthus rostralis weak, slightly
concave; loreal region weakly concave; tympanum distinct, medium-sized, rounded, its diameter about half of eye diameter; distinct supratympanic fold; well-developed single subgular vocal sac; tongue ovoid, distinctly bifid
posteriorly; vomerine teeth small but distinct;
choanae medium-sized, slightly ovoid. Arms
slender; subarticular tubercles single; outer metacarpal tubercle rounded, inner metacarpal tubercle elliptical, bodi weakly developed; fingers
with a trace of webbing between second and
third finger; finger length 1 < 2 < 4 < 3, finger
4 distinctly longer dian 2; well-developed terminal finger disks. Legs moderately robust; tibiotarsal articulation reaches eye; feet with an
elliptical inner metatarsal tubercle, no outer
metatarsal tubercle; subarticular tubercles single, rounded; toe disks well-developed. Webbing
formula of the foot: I 1 + - 2 II 1 + - 3 - III 2
- 3IV3
1+V. Webbing formula according
to the notation of Blommers-Schlosser (1979):
1(0.5), 2i(l), 2e(0.5), 3i(1.75), 3e(l), 4i<2),
4e(1.75), 5(0.5). Lateral metatarsalia not completely separated; toe lengdi 1 < 2 < 3 < 5 <
4, toe 5 only slightly longer than 3. Skin on the
upper surface smooth, throat and chest smooth,
venter and ventral surface of femur granular.
Color of holotype in life.—Dorsum

silvery-white

with distinct gray-brown markings bordered by

Variation.—The distinct markings on the back
are present in all four type specimens and were
seen in many other specimens from the type
locality. In a male specimen from the Berenty
park (Glaw and Vences, 1994, fig. 254), the butterfly-shaped marking is broken in the middle
of the dorsum and is not connected with other
markings. Ventral coloration is very similar to
the type specimens from Kirindy. Measurements
(range, followed by mean ± standard deviation
in parentheses) of the four male types are as
follows: SVL 34.5-38.7 (36.6 ± 2.1); HW 12.613.9 (13.1 ± 0.6); ED 3.9-4.3 (4.1 ± 0.2); END
2.6-3.0 (2.8 ± 0.2); NSD 2.5-3.0 (2.8 ± 0.2);
TD 1.7-2.3 (2.0 ± 0.3); TBL 16.6-17.3 (17.0 ±
0.4); FL 15.4-16.2 (15.8 ± 0.4). Webbing formula of the foot: I (1" - 1+) - 2 II (1" - 1+)
- 3- III (1 + - 2) - (2+ - 3) IV 3- - 1 + V.
Webbing formula according to the notation of
Blommers-Schlosser (1979): 1(0-1), 2i(l),
2e(0-0.5), 3i( 1.25-1.75), 3e(0.5-l), 4i(1.75-2),
4e(1.5-1.75), 5(0.5-0.75). Tibiotarsal articulation reaches the eye.
Advertisement call.—Vocalizations were recorded
on 21 January 1995 at 25 C air temperature.
Sonagram and oscillogram of one call are
shown in Figure 3. The following data are summarized from calls of several individuals which
were separately recorded at the same date and
locality. Calls are arranged in series, each call
consisting of 1-4 melodious notes. Both short
one-note calls and long three- or four-note calls
are produced during a single expiration. Usu-
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Natural history.—Calling males were found only
after dusk on 21 January 1995, after heavy rain
in the afternoon. They were sitting on the
ground several meters from the edges of temporary pools. In contrast to B. tephraeomystax
and most other Boophis species, the vocal sac of
calling males was always largely inflated during
the calls and also during the silent intervals be500ms
tween calls. A photograph, made by T. Hafen in
the Kirindy forest, shows a couple in axillary
amplexus in water, indicating that the new species may lay its eggs directly in the water, as do
500ms
all other known species of Boophis. The speciFig. 3. Sonagram and oscillogram of one adver- men from the Berenty park (found on 25 February 1991 and originally considered a color
tisement call (with four notes) of Boophis xerophilus sp.
morph of B. tephraeomystax) was observed active
nov. from Kirindy.
at night in dry forest despite extreme aridity
(Glaw and Vences, 1992).
We also found the following anuran species
ally calling activity of an individual male starts in the Kirindy forest: Aglyptodactylus madagascarwith series of single-note calls. During the cli- iensis, Aglyptodactylus sp., B. tephraeomystax, Dysmax of calling, series of three- and four-note cophus insularis, Heterixalus luteostriatus, Mantella
calls are emitted. The repetition rate between betsileo, Ptychadena mascareniensis, Scaphiophryne
series of one-note calls (about 2/sec) is much brevis, S. calcarata, and Tomopterna labrosa. Except
higher than between series of multinote calls for Mantella betsileo, which was only found along
(about 1/sec). In 9 of 10 analyzed multinote a small river, all the other species were observed
calls, note duration decreased continuously in close syntopy with B. xerophilus.
from the first to the third or fourth note. This
decrease is especially evident between the first Distribution.—The new species is known from
note (here called the primary note) and the fol- Kirindy in western Madagascar (the type localilowing notes (here called secondary notes). ty) and from the Berenty park near Amboasary
However, the intervals between secondary notes in southeastern Madagascar, indicating that it is
showed no consistent tendency to increase or not a local endemic. Both localities are in dedecrease within a call. Temporal call parameters ciduous dry forest in coastal lowland about 20
(in milliseconds) given as range followed by km from the sea. For climatic and biogeographmean ± standard deviation in parentheses are ical reasons, the Berenty locality probably is not
as follows: call duration of one-note calls 26-39 far from the southeastern edge of distribution,
(33.6 ± 4.9, n = 16); call duration of three-note whereas the distribution in western Madagascar
calls 216-229 (221.8 ± 5.6, n = 5); call duration could reach far north of the Kirindy forest.
of four-note calls 304-316 (308.6 ± 4.7, n = 5);
intervals between one-note calls 365-525 (454.5 Etymology.—Xeros (Greek) = dry, philos (Greek)
± 39.1, n = 15); intervals between three- or = friend. The species name refers to the distrifour-note calls 646-881 (732.4 ± 79.7, n = 7); bution in dry areas.
duration of primary notes 30-51 (42.2 ± 6.5, n
= 10); duration of secondary notes 13-30 (23.2 Designation of lectotypes.—Most available names in
± 4.2, n = 25); intervals between primary and the B. tephraeomystax group are represented by
secondary notes 66-82 (73.2 ± 4.8, n = 10); holotypes or lectotypes. However, Polypedates teintervals between secondary notes 57-71 (61.3 phraeomystax Dumeril, 1853, and Rhacophorus
± 3.7, n = 15). The fundamental and dominant doulioti Angel, 1934, are represented by syntyfrequency ranged from 2.5-2.9 kHz, two har- pes. To stabilize the names, we hereby designate
monics between 5.5-5.7 and 8.2-8.5 kHz. Calls lectotypes of both taxa.
of B. xerophilus differ from those of B. idae and
In the original description of P. tephraeomystax,
B. tephraeomystax as they were described in Glaw Dumeril (1853) mentioned three specimens in
and Vences (1994). Pulsed trills which are the Paris collection originating from Madagasknown from these two species were not record- car. This seemingly was in agreement with Guied in B. xerophilus. However, the general struc- be (1978) and Blommers-Schlosser and Blanc
ture of call series is similar to B. opisthodon (see (1991), who indicated MNHN 1660 A and B
data in Glaw and Vences, 1994).
and 4584 as types. However, Blommers-Schlos-
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ser and Blanc (1991) mentioned "Madagascar imen was completely desiccated and could not
and Nosy Be" as the type locality, whereas Guibe be positively identified. Our intense surveys at
Nosy Be revealed only B. tephraeomystax, con(1978) mentioned only "Madagascar."
According to the "catalogue des entrees" of firming that bodi P. dispar and the variant leuthe MNHN, three specimens originally had the copleura are synonyms of tephraeomystax. The honumber 4584. Two of diese specimens are still lotype of R hildebrandti (ZMB 10472) and die
present in the MNHN collection and have the types of R. doulioti (MNHN 1891-356 and -357),
numbers MNHN 4584 and 1994.1040 (formerly both described from western Madagascar, were
4584A). According to A. Ohler (pers. comm.), also found to be morphologically referable to
MNHN 1660 originally included 4 specimens B. tephraeomystax.
Three junior synonyms, all described from
(origin "Nossibe," collected by Boivin). Three
of the four specimens are still held in die higher altitudes of eastern Madagascar, also exMNHN collection. These are MNHN 1660, ist for B. idae (Glaw and Vences, 1994): The synMNHN 1994.1041 (formerly 1660A), and types of Rhacophorus boulengerii Peracca, 1892
MNHN 1994.1042 (formerly 1660B). The (MZUT AN 90; type locality Andrangoloaka)
fourtii specimen of this series is obviously held show distinct white spots on die flanks, typical
in the NMW, since Haupl et al. (1994) indicated for B. idae but largely lacking in B. xerophilus.
the existence of one syntype widi die comment Such spots have also been described by Boulen"NMW 22880 Nossi Be, Madagaskar; 1870. IV., ger (1882) in the original description of Rhavom Museum Paris" in the "Naturhistorisches cophorus femoralis (type locality East Betsileo).
However, examination of the holotype (BMNH
Museum Wien."
According to A. Ohler (pers. comm.), only 1947.2.27.60) has shown that all characteristic
the two remaining specimens, MNHN 4584 (fe- coloration is lost, making a definite attribution
male) and 1994.1040 (male), can be considered to any species uncertain. The white spots on die
as syntypes. We hereby designate MNHN flanks, the small size of die holotype (27 mm
1994.1040 as the lectotype of B. tephraeomystax. SVL), and the eastern type locality may indicate
Bodi lectotype and paralectotype are in a poor its synonymy widi B. idae. We did not examine
the holotype of Rhacophorus catalai (type locality
condition.
Rhacophorus doulioti is represented by the two "Ruisseau d'lorantjatsy," 1000 m altitude, dissyntypes MNHN 1891-356 and -357. Specimen trict Fianarantsoa), but according to die origiMNHN 1891-356 is hereby designated as lecto- nal description (Angel, 1934), this taxon has, in
type of R. doulioti. The lectotype is in relatively comparison widi B. xerophilus, shorter hind
good condition, which allows us to confirm its limbs (tibiotarsal articulation reaching tympanum), more webbing between toes (fully
synonymy with B. tephraeomystax.
webbed except one phalanx of the fourdi toe),
Available names in the B. tephraeomystax group.— and distinct white spots on die flanks, suggestSeveral available names in the B. tephraeomystax ing its synonymy widi B. idae.
Guibe (1978) considered Rhacophorus difficilis
group are currendy considered as junior synonyms of valid species names (Blommers- Boettger, 1892, as junior synonym oi B. tephraeoSchlosser and Blanc, 1991; Glaw and Vences, mystax (as R. tephraeomystax). Blommers-Schlos1994). These names need to be considered as ser (1979) assigned specimens from Andasibe
possible earlier names for B. xerophilus. Polype- (central-eastern Madagascar) to B. difficilis. We
dates crossleyi Peters, 1874 (type locality Nosy will discuss die status of this taxon in a forthVola), Polypedates dispar Boettger, 1879 (type lo- coming paper. Here we only state that die hocality Nosy Be), P. dispar\ar. leucopleura Boettger, lotype of R. difficilis clearly differs from B. xero1881 (type locality Nosy Be), Rhacophorus hilde- philus by smaller size (SVL 28.7 mm) and head
brandti AM, 1925 (type locality NW-Madagas- shape (snout not rounded; nostrils nearer to tip
car), and R. doulioti Angel, 1934 (type locality of snout than to eye).
Morondava), are considered to be junior synonyms of B. tephraeomystax (see BlommersDISCUSSION
Schlosser and Blanc, 1991; Glaw and Vences,
1994). The holotype of Polypedates crossleyi (ZMB Species of Madagascan rhacophorine arbore8216) and the lectotype of P. dispar (SMF 6766), al frogs currendy included in die genus Boophis
bodi described from humid localities, are clear- were long referred to die genus Rhacophorus.
ly referable to B. tephraeomystax morphologically. Guibe (1978) mainly used external characters
The holotype of Polypedates disparvar. leucopleura of preserved specimens for his classification. He
(UMB, without number) was rediscovered by us included in Rhacophorus oriental species as well
in die "Uberseemuseum" at Bremen. The spec- as Madagascan species currendy assigned to Boo-
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phis and Mantidactylus. Blommers-Schlosser generally not exceeding 25% (pers. obs.). This
(1979) first recognized Boophis as a natural unit, suggests that the preference of most Boophis for
mainly using characters related to reproduc- lotic water may reduce their ability to colonize
tion. She distinguished Boophis from the orien- dry areas.
tal Rhacophorus by the lack of foam nests and
Until now, only B. tephraeomystax was known
from Mantidactylus by the presence of nuptial to occur in dry areas. Another species occurring
pads in males, amplexus during mating, aquatic in wetter patches of western Madagascar is B.
egg deposition, and absence of femoral glands. erythrodactylus. The adaptation of this species to
However, the definition of Boophis species running water can be seen in the specialization
groups is still largely based on phenetic external of the tadpoles (large, adhesive oral disk with
characters. In the meantime, many new species three to six rows of papillae and numerous denhave been discovered, and Boophis is today ticle rows) as asserted by Lamotte and Lescure
among the most speciose anuran genera in (1989) and Blommers-Schlosser and Blanc
Madagascar (35 named valid species according (1993). Boophis erythrodactylus may be a remnant
to Glaw and Vences, 1994). Our observations in- of a more humid period, when climatic condidicate that the species inventory is far from tions favored wet forest in western Madagascar.
complete, and the actual number of species may
It is remarkable diat B. xerophilus and other
be double the number currently named. Most western anuran and reptile species were not dis(including many undescribed) species can be covered earlier. The anuran community at Kirassigned to existing species groups (Glaw and indy contains two species of Aglyptodactylus and
Vences, 1994). They may represent monophy- one species of the hyperoliid genus Heterixalus.
letic units, but thus far no one has attempted a Heterixalus luteostriatus is even common in cultiphylogenetic analysis of Boophis.
vated areas (e.g., around pools in the western
The B. tephraeomystax group is one of the most town of Morondava). Both genera are easy to
heterogeneous species groups within Boophis in identify; however, Heterixalus (and therefore the
external morphology. It includes species as whole family Hyperoliidae) was considered to
large as 85 mm (B. opisthodori) and as small as be absent from most of western Madagascar un23 mm (B. pauliani). One unidentified species til a few years ago (see maps in Duellman and
(Boophis sp. c. in Glaw and Vences, 1994) has Trueb, 1986 and Blommers-Schlosser and
small dermal flaps on the heels which were pre- Blanc, 1991). The same is true for the genus
viously thought to be found only in the B. gou- Aglyptodactylus (see map in Blommers-Schlosser
doti group (Blommers-Schlosser and Blanc, and Blanc, 1991). Recent herpetological discov1991). Nevertheless, the species of the B. te- eries in the Kirindy forest further include two
phraeomystax group, except for B. microtis, share new species of the snake genus Stenophis, one of
a set of morphological characters (iris and iris which (S. citrinus) shows a very striking aposeperiphery coloration, reduced webbing be- matic pattern of black and yellow bands (Dotween fingers) and a preference for stagnant wa- mergue, 1994). Primatologists rediscovered the
ter bodies as breeding habitat that may indicate mouse lemur Microcebus myoxinus, which is the
close phylogenetic relationships. This character smallest primate species in the world (Schmid
combination was also observed in the new spe- and Kappeler, 1994). All these recent data show
cies B. xerophilus.
how much still remains to be discovered in MadHowever, the occurrence of the new species agascar's western dry deciduous forests, a vegein dry areas of Madagascar is exceptional. Using tation type that is even more dramatically enthe classification of reproductive modes by dangered than the eastern rain forest (GanzDuellman and Trueb (1986), the genus Boophis horn, 1992).
displays only the two most generalized ones:
mode 1 (eggs and feeding tadpoles in lentic waACKNOWLEDGMENTS
ter) is obligatory for the B. tephraeomystax group,
whereas mode 2 (eggs and feeding tadpoles in
We wish to thank T. Hafen, who provided inlotic water) is found in nearly all other species formation about the new species; B. Delvinof Boophis. Judging from observations on calling quier, C. Hawkins, and Z. Sarikaya for their help
and breeding activity in and around temporary in the field; W. Bohme, M. A. Donnelly, and A.
pools, mode 1 probably occurs in 10 of the 11 Ohler for critical comments on the manuscript;
anuran species (all except Mantella betsileo) and R. Giinther (Museum fur Naturkunde, Berfound at Kirindy (91%), suggesting a selective lin), K. Klemmer (Senckenberg Museum,
advantage for this mode in arid areas. On the Frankfurt), F. Andreone (Museo Regionale di
other hand, mode 1 is less frequent in anuran Scienze Naturali, Torino), B. Clarke (British
communities from humid eastern Madagascar, Museum of Natural History, London), A. Ohler,
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