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A new cryptic treefrog species
of the Boophis luteus group from Madagascar:
bioacoustic and genetic evidence

(Amphibia, Anura, Mantellidae}
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Glaw, F. d&& M. Venees (20021 A new cryphic treetrog species of the Boanlus
futews group from Madagascar: Binacoustic and genetic evidence (Amphibia,
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We deseribe a new sibling spedies 0F Boophis ankaratva from Madagascar:
Buopltis eclirhogare, spec, nov. trom the Ranomafana National Park 0 south-
castern Madagrascar. The news species belangs to the Bouphis liteus group, which
s composed of green treetrogs of low morphological differentintion, Analvaes
of advertisement calls and of partial seguences of the mitochondrial 165 fRNA
gene evidenced a high bicecoustic and genetic uniformity throughout the rango
of Boankaratra, while B, sofiniboene was genetically divergent (24-2.8 % pairwise
difterence) and had distinet temparal and spectral call ditterences. The colour
ol lerrs of B schiboear are similar o those of B sndofaliele from far south
castern Madagascar. Re-analyses of advertisement calls; however, indicate that
this species is bicacoustically highly different and close o B jaegert from th
notth-west, confirming that external morphology in the B fetens group 1s net
reliahle Lo assess relationships.
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Introduction

Amaong the anurans of Madagascar, the green-
coloured species of the treofrog genus Booplhis
belong to the taxonomically most complicated
groups. he reasons he in the large number ot
morphologically similar cryptic species, and in
the fact that the aften species specific lile color-
ation fades quickly i preservative to a largely
unitorm pale vellow colour. This applies to two
of the seven phenetic species groups. (Blom-
mers-schltsser & Rlanc 1991, Claw & Vences

1994). the Boaphts rappiodés group and the
B, lnleng group, The B, intens grovp has expern-
cnced a dramabce increase in recognized spe-
cies diversity dunng the last decade. While
onily a single species, B litiens, was recognized
by Blommers-Schltsser & Blanc (1991, ten new
species have been described since the applica-
tion of bivacoustic methods (Andreone 1993,
%96, Andreone el al. 1995, Glaw & Thiesmeier
1993, Glaw & Vences 1992, 1994, Recenl mo-
lecular work [Vences et al in press) has demon-
strated o rather high genetic differentiation for



a subsample of these taxa, confirming their spe-
cific validity

One of the new species m the Booplis Dilews
aroup, B drikaratra, was described 1:.-}-' Andreone
(1993) trom Manjakatompo in the Ankaratra
masal 1n central Madagascar, Il was laler re-
corded from the Andrngitra massit about
32U km soukn of the type locality (Glaw & Venc-

of several addilional localities of this species at
sites abowe 1000 ny elevation m central eastern
|"-1|‘|+.‘L1g;;1.'ri|.‘.-'1r, and led to the discovery of a bio-
acnustically divergent pepulation from a mid-
altitude sile in the Ranomafana Nallonal Park.
Wi hetein provide bioacoostic and genetic ev-
ldenece tor the status of Hos populabon as sepa-
rate specics, thereby adding relevant perspec-
tive to the discussion of elevalional endemicity
in Maligasy frogs. Considering the similarity
i colour pattern of the new species to Beopiits
andofialicla, we addiionally provide a re-de-
seription of the divergent calls of thal species
and s bioacoustic sibling B e

Malerials and methods

Frogs wore collictod during the night, by means
of electric torches, mainly by localizing calling
males. They were sacrificed using chlorobutas
nol, fixed in 5 % formalin or 90 % ethanol, and
preseryed i 70 ethanol. Specimiens studied
in this paper are deposiled w1 the collections of
thit Thmiversité d Antananarivo, Département
de Biolome -Animale (UADBAY, Zoologisches
F.:}r5|:1'|L|1"|g~_-m'_-;!iru? urnad Muscum AL Koeng,
Bunn (ZFME), and Zoelesische Slaalssanmum
|II"II1’; Nhunchen (Z5M.

Morphulogical medsurements were taken
by M. V. using a caliper to the nearest 0.1 mm;
SVL (snout-venl lenglh), HW (head width],
HI. (head length), LI (horizontal eye diame-
ter), END (eye-riostril distance), NSO (nostril-
anoul Lip dictance)], NMNLY (mostrl-nostral dis-
tarice), TD thoerizonlal tympanum diameter),
HAL (hand length), FORL {(forelimb length),
HIL (hindlimb length), FOL (toot length),
FOTL (toot length mcluding tarsus),

Advertisement calls were recorded with dif
ferent tape recorders using external micro-
I_"ll'il_'-]"ﬁ._"_-i. hey were analyveed either with a ME-
DAY sound .111:.I_1.':-'1|1;; svstom with the soft-
widre Bpekiro 3.2, or ona PPC, using the software

Couledit (Synirillium Corp). Temporal and
Mt mEasurements ate given as range, with
mean L standard deviation and nomber of
measured urats in parentheses.

A [ragment of Lhe mitochondrial 165 rRNA
epme (up Lo 3539 nucleotides) was amplilied and
coqquenced using primers and protocols of YVen-
es ot al, (ZOOU), Seguences were analyzed using
PAUT, version 408 {Swolford 2001), They were
deposited in public databases; EMBL/ Cenbank
accessiom numbersare: Booplus seluboeae (ZTMK
GAYAT: AJ315912) Bogpins ankaratra; Andringl-
Lra {ladpole, nol preserved; AFELL611Y, Col des
Tapias (Z5M 399/ 200K), A] 315910, llremo (£5M]
7337/ 2007; AF411612), Manjakatompo {Z5M
3672000, AJ215911) Mandraka (25N 400/
2000, AJ315909). Baohis cf. sibilans (£5M 3277
2000, AJA15913) was used as the oulpgroup.

Baoplis schuboeae, spec, nov,
Figs 1, 2

Types. Halotype: ZEME 6229, adull male; collect-
od by FoCillaw, D Rakotomalala and I'. Ranavojao-
na on 2 March 1996 at Ranomatana Aational Park
(ca. 219145, 47°26°C), close to Ambatolahy, south-
easterm Madagascar Paratypes: LUNMEK 624900
A2E07, two adult males with same collecting data as
E'Lr_]ls_ll':-,']_ﬂ_-'; A0 1086 2007 |_|;1ri!._",'|.'|.'|i|}-' FEMEK 62285),
adult male, ocollected by F. Glaw,; D, Rakotomalala
and F. Banatvojaona on 28 bebruary 1996 at Vo
hiparara (Kanomalana Natlenal Park at ca. OO0 m
above sea level) south-eastern Madagascar

Diagnosis. A member of the Roophis hifens
group as recognizable by the green dorsal col-
oration with transhicent shade in lite (shared
with the 8, rappisies group; opague green in the
B. albilatwis group and in B, microtympim, not
ereen inother Boophis species groups), pigment-
ed ventral stde (inner organs not visible in lite
through a transparent skin as in species of the
E. rappiodes group) and lateral fringes along
lower arm and tlarsus (absenl in the B. rappiodes
croup). Within the I lutrus group, B, schuboea
is distinguished by its rather small body size
(male SVL <30 mm vs. >3 mm o m B, Ledens,
H spdentrionalis, B, elenae, B, amjamaharibecinas,
8. englaendiriy and presence of light dorsolater-
al lines (known to occar only in three other
spacies: B, septeninomafis, B wndoiudels, and
(3. wnkaratvn). General adverlisement call stroe-
ture (resular series of up to 55 unharmonions

Fig. 2. L
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notes) s fundamentally different from all spe-
cies of the B, fnlews group except for B aurkarit
ra. Ditters trom B, pnkaraira by lemporal and
spectral call parameters (see below and Ta-
hle 2), and by molecular characters,

Description of the holotype

SVL 26,0 mm. Fur measurements, see Tab. 1,
Body slender; head as long as wide, much wid-
cr than body; snoul rounded in dorsal and
lateral views, nostrils divected dorsolalerally,
shighily nearer to eve than to tip of snout; can-
thus rostralis mdistinet; loreal region slichtly
concave; vmpanum distinet, ronmded, 47 % of
eve diameter; suprabvmpanic fold nol recog-
nicable; tongue ovoid, distinctly bifid posteri-
orly; vomerine tecth present, m two small
rorced agoresalions, positi eI pasteroiateral
o choanae: choanae rounded. Arms slender,
cubarticular tubercles single; metacarpal tuber-
cles not recogrmizable; ingers webbed; webbing
formula L (=), 20 (=), 2e{=% 31 (), 3 {1.75% 4 {1);
relative length of Hnpgers 1<2<4<3, linger 2
distinctly shorter than tinger 4; finger disks
endarged: small unprgmented nuptial pads famt-

Lab, 1. Marphomelric medsurements (all inomm ) of
holotype and paratypos of FBooplis somibogae, For
Abbireyialions of measured variables, see Materials
and methods; RHL (relative hindlimb fenglh) gives
the point reached by tbictarsal articulagon when
the lundlimbs 5 adpressed along the body,

Specimen ZFMVE Z5m ZEMEK FFVK

HR2UT 1086 2N 63906 H2U0T
b S mais male rriale male
Slatus erlaty pe patalvpe paratype paratype
b | 26,0 240 =3 24.0
HW 9.0 Q3 % AL
HL S S 9.2 B.0
1D 1.4 |.& 1.5 1.4
FT) 10 33 24 28
ExD | .5 | i | u 1.7
Mol 1:6 22 2.3 24
Mo 3.1 a0 2.5 25
HAL 7 B0} i i
TORL 154 13.6 15.7 15.6
HIL 2.7 40,9 J2.2 ETg R
FOTL [ =.h |75 7.6 17.6
ML L. 109 1., RES
RHI. el el mastril  between snoot tip

e Al
nostril
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ly recognizable on inner side of Hrst finger,
Hincllimbs slonder; tibiotarsal arbiculation reach-
gs nostrl when hindhmb & adpressed along
hody; lateral metatarsalia EE'pELI.'ﬂLEn.‘l l:-}r wih
bing; mner metatarsal tubercle recognizable,
no outer metatarsal tubercle; webbing formula
beltween loes 1 ((L5), 23 (1), 2e (), 31 (1.23), 3e
(1.5), H (1.3), 4o (1.3), 5 (1) relative length of
lises 1=2=3>5>4 Skin on the upper surface
smooth; ventral skin smeoth on throat, very
shightly eranular on belly: no distinet enlarged
tubercles in the cloacal region,

After five years in preservative, unitormly
vellowish-white dorsally and ventrally. Two
dorsolaleral rows of three dark spots each are
present on the central dorsum.,

Colour m lite (based on slides of three
males). Upper surface of head, back and tlanks
preen, Small white or yvellowish dots can be
present on parts of the dorsal surface, and are
maost dhistinet on the hindlegs where they can
forme intorrupted crosshands. The dots tend to
be more yellowish above the upper hip. A vel-
lonwr, sometimes incomplete or i1'|tf_~|;'mph*r] Hne
runs from the eyve to the nostril and a dorsola-
teral line of the same colour runs from the
posterior eve corner severdl millimetres poste-
rlorly (virtually absent in one specimen). The
iris 15 golden or vellow with a reddish brown or
sthvory immer ring, The iris periphery is blue. An
inclistinet whitish line is present laterally on
lower arm und tarsus, Venter white, throat pale
greenish-wrey to bluish-green, ventral surtaces
of arms and legs bluish-green,

Varialion, The mwrphology of the paratypes
is very similar to the holotype (sce Tahle 1)
[hoe to tissue sampling for genetic analvses, the
lerH borelimb s lacking in ZTMEK 62906 and the
righl hindlimb is Tacking in ZFMK 62407,

Etvmalogy. Focphes colisbosae is dedicated to D
Anma Schubdl, Munich.

Matural history., Calling males were observed
al neght about 2 m high in the vegetabion along
brooks in primary forest.

Binacoustic comparison of B. schuboeae (Fig, 3)
and B. ankaratra (Fig. 4). Call recordings were
available of 6. scliufodnr from Ranomafana and
Vohiparara, as well as of B, awkaratra from all
six known localites (see Fig. 5. All these calls
consisted of series of regularly repeated notes
(but at Mandraka and the Cal des Tapias we

adiditionaily heard rapid seres of 2-3 noles,
possibly of territorial function, inlerspersed
hetween the resular calls), Calls of B, ankaratea
consisted of 50-105 notes, those of B, schubosae
ol at least up to 55 notes. Motes were distinetly
culsed and unharmonious Lo the human ear in
I. ankiratra, but more melodious and less dis-
tincthy pulsed on the oscillogram in B, sohiboe-
g Important differences were furthermore not-
ed m the note repetition rate (Table 2) which
wias fnster (3.3-3.60 notes per seccond) m B schy-
bogge Lhan in B aitkaratry (2.2-2.8 notes per sec
omd; 1.3 in the particulardy low motivated Tlee-
mo specimens). This dillerence was caused by
a lower duration of intervals bebtween notes in
B, osghcbpede (mean interval duraton 1271558
ms va, 234-671 ms; Table 23 In those notes of
B. schuboeae in which pulses were recognizable
on the ascilloegrams, pulse number was much
higher than in B, gabareta (ca, 30-60 vs, 16-35),
No consistent differences in note duration were

noted belween both species (Lable 2), despite
the lower temperature ot which most B. gikara-
tra recordings were made. This indicates that
the difterences observed between both species
were 1ol caused by influenues of femperature.

Molecular phylogeny and differentiation. The
obtained sequences presented ne indels and
their aligrument was therefore pessible without
inclusion of gaps. 23 nucleotides (nt) in the first
and lasl sections could not be read n one or
more sequences and were therefore excluded
[renn the analvsis. OF 536 included characters,
479 wore constant, 49 were variable but parsi-
mony-unintormalive, and sight were vanable
and parsimeny-informative. A Maximum ar-
simony analysis (exhaustive search) vielded five
ceunlly most parsimonious lrees; 4 strict con-
sensus ol those is shown in Tie. 6. The incuded
secuences of Boopdas akaraln were grouped as
manuphylum, strongly supported by bootstrap

Tab. 2. Tempoeral and spectral characteristics of available calls of daopitia ankaralen and B oschabioeae, The
divergent calls of the Hremo population of B anbarafve were recorded from lowly motivated minles late at
might when calling aetivity had almost stopped, Calls heard (bul nol revoedid ) eaclier the same night had
clearly a faster repetition rate by subjeclive impression,

Luwcaliby

SREies

Reverding dale

Rewurding Mole duration
tmiperature [ reva)

Bonplis soliboene Vohiparara
Ranomalana, specimen 1
Ronomatana, spocimen 2
Ranomalana, specimen 3

25 T'ebrumty 1996 va, 22-23°07  OR-182 (146421, n=35)
2 March 1995 pi =168 (15349, n=10)
2 March 1994 23 E54-170 (1635, n=4)

2 March 1496 230G BT (117427, b2

Bospiis it Mamakatompo
Ambuohitantely
Mandraka

8 January 15892 (2130 kY ca. 17°C
7 February 1995(20:05 h) -
i Mlarch 2000 HC

116-129 (125=4 n M
22195 {15128, n=12)
1531-244 (L7T=16, n=101)

(ol des Tapias 26 March 2000 1957 125-102 (146213 n=1i})
[treme {low motivated cally 10 March 20T 2117 02-191 (144144, n=11]
Adnd ringlra 15 lamuary 1994 ca. TH'C 125142 (13344, n=21)
Soecies Linter-note interval Nole Plitaes per nwte Frequency  Dominant
duralion repetition |1 L=] Frevpuency
) [mis] rate [11=]
Roophts schubwear 111221 [140=21, 054}  34/s ca, Jb-al) 2004000 3350234500
131-1534 {14147 n=9) G YR - -
112-1349 (127=1(), n=FK) 3574 - 29003400 WAUL-355(
121-283 (15536, =511 3.4/s B Z850-3800  3A200-3400
Baophies ankaritra 251-263 (2574, n=11))  25/s 21223 (22407 n=107 23503350 27S0-3000
166-343 (234445, n=121 28/s 1T700-3500  1900-3000
T20-283 (246423, n=10) 2 2/s 24-30 (2827, n=10)) 20002900 2350-2700

227269 (249+16, n=10) 24/
S33-951 (67 1£149, n=%)  1.3/s
23309 (262418, n=2()) 2

. 30
Lb-30 (2528 n=3)
2ed-db (2449007, n=11})

ATEN-3400
Z65H-36G000
1730-5400

2500-5100
23150
JR00-2700
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Fig. 3. Somagram and oscillogram of a call {part of a note series| of Booplis schubpege from Ranomatana.
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Fig. 4. Sonagram and escillogram of a call {part of a note series) of Boopiss grkiratre from Manjakatompo

analysis (95 %), but relabonships between them
were not resolved, Total pairwise divergence
between b, gakaralra sequences was 1-3 nt (D.2-
0.6 %), while it was 123-15 nt (2.4-2.8 ") between
B, sermaboeis and B, imkariteg,

Advertisement call of Boophis andohaheln
(Fig. 7) and B. juegeri (Fig, 8). Andreone ot al
(1945} deseribed the new species Boophis ando-
habiela rom the rainlorests of the Andohabela
reserve in far south-eastermn Madagascar. This
species is characterized by vellowish dorsola-
teral stmipes, and an iris coloradon simalar to
E. zchiboene, However, the ad vertisement calls
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ob B, andehaneds as described by Andreone ot al,
(1995) were sunilar to those of B, jaegert (Glaw
de Vances 19921 whereas Andreone & Randria-
mahazo (1997) provided partly different call
data tor b, andelaieln, To exclude conspecility
ol B, gedoraliela and B osohiebogie, we re-ana-
lvzed the advertisement calls of B andohahicin
from original recordings made by F. Andreone:
Calls were serics of 2-11 notes. Note duration
was 263-A01 ms CRBYLEE ms, n=13) inter-note
mterval duration was 377-879 ms (5054156 ms,
n=11]. Each note consisted of 11-149 (14=2. n=13)
temporal elements which are here referred to
as "pulses™. "Pulse”™ duration wis 8-32 ms (2024

ms, =33} inter-“pulse” interval duration was
12-28 ms (172 ms, n=32}. “Pulse” repetition
rate was 24-33/s (29£3/ 5. n=13). Note repeti-
o rate was about 1/ 5, These noles were some-
hmes preceded by shorter notes of 6378 ms
(n=3) Frequency was 3600-4900 He, domimant
[reaqueney was 3004600 TTz. Generally, a fre-
qUETICY madulation (Inereasing lrequency | was
present at the beginning of a note.

These calls were surprisingly sumilar to those
of Bodpdns fiegert from north-western Madagas-
car. Re-analysis of recordings from Nosy Be (22
January 1991, 1830 h, 26°C air temperature)
vielded the [ollowing parameters: Note dura
tion 264577 ms (413108 ms, n=10), inter-nole
mterval duration 673-343% ms (175810710 ms,
n=H8}, up to 20 "pulses” per nate, “pulse” repeli-
ton rate 3-38/5 “pulse” durption 1216 ms
(1522 ms, n=7), inter-“pulse” interval duration
[0 pres (1241 ms, h=n), Note series were often
suoceded by a “final” short note of three pulses
(duration about 85 ms),

Mscussinn

Cuar data demensirate genetic homogeneity in
Hoopltes aukarabea along a rather long stretch of
the central lighlands of Madagascar. Adver-
Li=erment call recordings were available from all
popalations studied genelically and similar teme-
poral and spectral call parameters were owvi-
dent in the recorded specimens. In conirast,
Foopdny sehuboar, showed a relevant genetic
il bivacoustic dulerentiatlion. This case study
therelore provides further suppaort for a gOner-
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Fig. 5. Dhistribution map of Booplits ankmeatrs and H,
sehiibiene, Localibes of B salinbpeae are Arnbatolalyy
and Vehiparara, both in the Eanomatara National
*ark; loezlities ol 8. askoratey are (1) Ambohitan-
telv, (2) Mandraka, (3) Manjakatormpo { Ankaratra
Masgilt lype lovality), (11C0] des Tapias, (3)Tiremo,
(h] Andrmgiira

al trend 1 Boophis: dislinel bioacoustic differ-
ences were correlated with high senctic diver-
gence in all pairs or trios of sibling species

- Boophis ankaratra (ltramo)

98

Boaphis ankaratra (Andringitra)

Boophus ankaratra (Mandraka)

Boophis ankaratra (Manjakatompio)

Boophis ankarata (Col des Tapias)

Boophis schubaese

Boophis cf. sibilans

Fig. 6. Strict conaensus of five equally most parsimonious cladpgrams ohtained by Maximum Farsimony
analysis (Pxhaustive search) of the available sequences (536 0 of the mitochondnial 165 fRNA pone | of
4[i|‘~:I|J-'|'|- r;'.'rnlim".'?l'r".' and £ schitocge TIIL‘ [1.II"I:I_1E_|_' dabive t|-||_- B gitavalea |.|1l'-,1?*{|- 15 41 }_-.._-.._ﬂbtl-,_.-l!_w viElLueE 1 F"'*'"*-_”“"
(200N rephcations), . cf, siftulons was nsed as |he SINE s HTRERR .
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Vig. 7. Sonagram and oscillogram of a call (one note) of Booplis madoinhels from Andohahela.
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Fig. B. Sonagram and osciliogram of a call {one note ] of Boepdiy jocear from Nosy B

studied so lar (Vences et al. in privss).
Although dishinet temporal dilferences be-
tween the calls of B. schuboeae and B. ankarateg
are evident, their general call structure is simi-
lar. In contrast, B wedohaheta, which reminds
H, selinlioras by the presence of light dorsolater-
al stripus, has totally different advertisement
calls. A molecular analysis (Vences ef al,
press) placed L solndiosae with |'|ig|'l boctstrap
support as sister species ol b gnsaratre, Al-
though no molecular data on B andofialela are
thus far available, we strongly suppose that
this species is phylogenetically distant from
H, sehinbovae. [t may be cleselv allied to [ jeeger,

L=d)

which hias very similar advertisement calls; if
this hypothesis was conlitmed by phylogenetic
reconstructions, they would confirm the value
ol adverlisement call slructure to infer relalion-
shi ps among closely related species, at least as
lomg as thev are nel sympalric and bioacoustic
characters thus nol subject to character dis-
placemenl.

The presenice of similar SIS s R, sehulie-
ae and B, aakara!ra al dilterent altilude levels is
apparently no unusual pattern in Madagascar,
However, examples known 5o far mainly in-
chades pairs of siblimg Spcies ucenrTing m low-
lands versus mid-altiludes: e, Manlidiclins

redimities [low-allilude) and M, coriidus (nnd-
altitude), Mowhductylis aglaoed (low-and mid-
alttude) versus M, bt (md=altitude ), Mian-
tudactylus lutenis (low-altitude) wersus M. soilp
titratus (mid-allitude) (Glaw & Vences 199,
2000, Venoes & Glaw 2001 ) In comtrast, omly a
single example exists so far of siblings [rom
mid-altitudes versus high altitudes: Manteli
harem versus M. comani (Vences et al, 149498,
1999, The recogmition of B schuboese as distinet
spedcies and as sisler species of B, mkgratr adds
a second example and highlights the presence
of frog species in Madagascar characterized by
a natrowly defimited elevational endemism.
Future studies may show thal othet species,
which currently are believed to have a wide
elevational rarge, are actually comiplexes ot two
or mare closcly melated species as well.
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