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Two new sibling specics of Boophis Tschudi 1838 are deseribed lvom Anda-
sibe in cenrral-easrearm Madagascan, Both are small greenish treefroos with «
transtucent ventral skin and without lateral Finges alomg Tower arm and lacsus,
and are thereby assignable (o the phenelic B, rapriodes proup, Baophis bative n,
sp. 15 morphologically similar w B rappiodes (AR 1928) and occurs syntopically
with this species. Tt strongly difters lom s sibling by advertisement calls {long
Lritl notes instead of rwo-pulse notes), and by a reddish-hrown darsal patters
which dees nen Tade soon o ethanol, olien coverme the entive back (vs 4 ted
puttern thar largely facdes o ethaog] 8. rapmiodey ), Booplis fasvinerd N, 57, 1s
similar to B eevidoodacrefus (Guibe 1953) but differs in advertisement culls
(noles compesed of two instead of foorseven pulses) and lack ol ced colour on
lips of fingers and tloes, A lectolype is designated for B evviloodocivins, The dis-
covery of the two new species in addition to the revised distributional informa-
Lign For B rappiodes, 1 ervilvodacivies and B, vividis Blonuners-Schlosser 1979
confirms that mid-elevational contmd eastern Madapasear is the centie of diver
sity for many Malagasy amphibian wroups b has a relativels low degree of
endemisin, DNA sequence divergence was high within each pair ol sibling
species (6-7% 1 g fragment ol the miroehondreial 165 (RNA gene), suggesting
that their reproductive isolation was not a recent event and probubly predates
the Pleistocens

by wiokies: Armphibie, Acura, Mantellidae, Boogpdis vieidis, B iphies rappimdes,
Boophis ervilradactvlus, Booplins battae 1w sp., Boopfies tasymana n,
spe Madagascar, advertisemenr calls, distibution.
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INTRODLICTHON

With currently more than 45 species, the treelvop senus Boophis is one ol the
mosl speciose groups of Malagasy anurans, Tt is part of an endemic froe radiation
(Rirrakns e al, 2000 which has recently been defined as the lamily Mantellidae
(VErNCES & Graw 2001 ). Booplis was Hirst recornized as a natural unitand divided into
seven spocics groups by BLOMMERS-SCHLOsSER (197%9), Later, BLOMMERS-SCHLOSSER &
Brawe (1991) assigned all known species in rthe genns o these groups, while Graw &
VENCES (1994 proposed some modifications Lo the grouping. According to the molec-
wlar data of Richaros el al, (2000}, who studied representatives of live ol the seven
species groups (sensu Graw & Vesces 1994), Boopdiis is a monophyletic assemblage,

One characteristic pattern in Boopfils is the high proportion of sibling species
which are well delined by adveriisement calls and partly by coloursiiion, but virte
ally indistinsuishable by external morpholeogy. This paltern has received particular
artention by B OMMERS-SCHLOSSER (1979) in her treatment of the Boopliis rappiodes
proup. She assiened two described species (8. mappindes and B. ervhrodactyius) 1o
this group and described two new wxs (B, suowdraka and B wridis), She [oand all
these species in central-castern Madagasear, at her collecting loealities Mandraka
and Andasibe, and demonswoated close synlopy of two species (B, ervthvedacevlis,
B, omendralo Blommers-Schlosser 1979 al one site (Mandraika ), All speLies tal the
B. rappiodes group are small, basically greenish-coloured (reelogs with a ranslu-
cent venter in lile, reminiscent ol the Neoropical Glass rogs ol the lamily Cen-
trolenidae. When presarved, the often diagnostic calour pattern is lost the greenish
colour changes first to pale yellow and then to whitish, If present, the red pattern
ofren becomes brownish or lades (o white, Although o lew morphological charac-
lers are known o distinguish some of the species as defined by BLoMyERS-S01 OS50
(1979 {eg, the position ol the nostrils, which are closer o the eve in 8. wmandraka
but closer to the snoul Lip in the other species), in gencral Lthe B. rappiodes sroup
exemplilies the difficulties in distinguishing sibling Malagasy brog species better
than most other species assemblapes (paralleled, however, by the B futeus groap;
e.2., ANDREONE 1993, Avnreonk et al. 1995),

The recent mtensive survey work carricd out in several parts ol castern Mada-
gascar revealed that the species inventory of Madagascars herperofauna is far from
being complele (Gaw & Vences 2000). Several of the newly discovered [orms are
assignable to the B, reppiodes group, To the present paper, we describe two of these
as new species, partly revise the two species B. rappiodes and B, ervthrodactvlus,
and provide new Information aboul the distribution and advertisement calls ol 4.

verdelis. A revision of the remaining cepresentative ol the group, B mandrala, and |

lwa new sibling species will be published elscwhere.

Temporal measurcments are sven ay ranpe, with mean
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MATERTALS AND METHORS

Specimens were collected at nieht, maindy by locatinge calling males with the aid ol
eleciric tarches. They were enthanised wsing chloreltanal, Tixed in 0% ethansl and pre-
served 10 e ethanal, Samples of [emoe muscle were preserved in pure B0% ethanol; IINA
wus extracted from these tissue samples, and a tragment of the mitochondrial 188 rlNA gene
caol pucleotides) was amplitied s sequenced usinp protocals siven o YVenees er ol (20003,

Marphological measvrements ol the preserved specimions woere taken by the soniom
aulbor with callipers 1o the neavest 1 mm: SVT (snout-vent length), 1IW Thead widsh), L
(head lenethl, BB (horizeontal eve diameter), ENI} leyve-nestril distancey, NSD (nastril-snout
ap distance], NN (nostril-oasteil distaonces, TTY thorigontal bonpaoung digmeter). TEAL (o
fereth), FORL (lorelimb lenarh), HUL (heoadlimb denpth)y, FOLL oot bengeth), FOTL (loot length
meluding tarsus). The webbing formula 15 given according 1o Broamiers-Senidssei ( BY789),

Vocalizations were recorded using portable tape recorders with an external microphone
CViveneo EM 2380 and were analvzed with the MEDRAY sovoel analveing svstem Spekio 3.2
stonchar deviadion, and pueber ol
wmporal units measured, In parentheses,

[nstitutional abbreviations used wre as [ollows: MNIN (Musdéum National d'Histolire
Satwzellhy Pars): LADBRA (Loversie d' Antananacive, Deportement de Biologie Anangsde)
b beis given reler to the Heldoumbers of dilferens collectors; DARBRA-MICEL collection ol
the MICLE ] team: LARBA-BED, callection of D, Rakotomalala; VADBA-MY, collecuon ol M.
Vences; LADBA-I'GMY, collection ol T Glaw and M. Veoees);, ZMK (Zoclogisches
Forschonesinstital vod Muoseum Alexander Kocoig, Benn ), ZMA (Zoologisch Muscurn Ams-
sy, AMB 0 Cdoologisches Musewm der Undversitdt Berling,  £8M (Zoologisch
Staatssammlung Munchenl, Coordingles and alttudes ol localitios are given according 1o
Graw et wl (2001 ) ur siven at liest menbion.

PNA sequences woene submiiited (o public dutabases; EMBL:Genbuank secession num
bers are the Jolowig (voucher spevimens o parcotheses): Booplos bedee 0, ospo 1£25M
34420000, AI3 14817 Boophes grvtbirodactvins (ZSN 324920000, AL VA8 Boophis rappiodes
(£5M 3472000 gnd CADRBA-FG/MY 20040 39), AI314815 amd A3 LAR 1O, Booplis iesymerna n,
s LAFME 628880, AF2 15330 Boopdfins viredis (Z5M 33820001, AJ3 4514

SPECTES ACCOTTNTSR

Boopliis viridis Blommers-5chlasser 1979

Beoplas vividis BLOMMIRS-SCHLASSTR 19T Name-Deiing ! Tl pe WA ZH00A  adult male,
collecied by B Blammers=Schiosser oo 14 November 1972, T focality. “near Peviael aphe-
congd BaNL 2w b 14207 secording (o omomal descripiion APerinet bemg the eid French name
ol Andastbel. Orler ivpes: parabvpes ZMA 7100, tweo adult males

fdenatity and diggnosis, See lable | ftor merphometric measurements. A mem-
ber ol the Baopdis vappiodes eronp as recopnizable by relatively small siee (SVI1 292
31 mm in males, 32-35 mm in females: Table | oand BLOMMERS-SCHLOSSER 1979,
oreenish and slightly ranslacen! dorsal colouration (during the day; at night more
reddishy, rranslucenr venter (inner ergans can be clearly seen throush the skin in
live specimens) and absence of lateral hringes along lower arm and tarsus (Fig, 1),
Dislingnishable rom all olher species ol the group by the larger siz¢ ol males
(helow 27 mim in all ather species), characieristie ivis ealourarion {innor iris area
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brovwn, outer iris area blue), and by adveriisement calls (unharmonious pulsed
TS jll“_-LL'iELl el |'I‘Ll|-u.:'f_1 i_'|1-'.'“|-'. 8] | ||'|!| Inotes Or maore |'|;_1| PRI IS SErnie ke ),

Marerial esanrined, UADBA MTCET 331, 335, 344 347 (Marotreho forest, & km S
Ranamatana, 2518 14'S, 47 274F, 910 m clevalion): UADBA-MICET 260-262, 304
(Ankopakapaka foresr, 12 kin NW Tkongo, 21°49,39°S 47°2020°E, 645 m alevation) LADHA-
MV 2001186, 2001, 158-189 (Andasibe), £FMK 536240, 60012-60014 and 62211 [Andasiba):
A5N SR 2000 .I|,-|,| L"-T_:."ji,l‘[:ll { "l.j||_|,|-\1||"||":l

Nadoral bestory and adverrisement calls. A tew observalions were reported n
BLOMMERS-SCHLOSSER (1979) and Graw & Venees (1994) According 1o published
data and observations made in 19241994 and 20002001 a1 Andasibe, males general-
v call s night lrom leaves at 1-2 m above the ground, along (or up ta 10 m awav
from) slow-moving brooks and streams, at lorest e ges, However, on 28 December
1994, during drv weather conditions, calling males were sitting on trees up to 3 m
abave the ground. Calling activity was recognized in the months Ocrober, November
December, and March. One pair in axillary amplesus (e female being ZFMEK 622113
wias observed on 31 January 1996 and laid 154 eees in caprivity. In contrast o the
pale-vellowish cggs ol B, rappiades, B. ervthrodactvlus, and B, borrae, the cpes ol B,
viridiv were dark brown. Another paiv inamiplexos wis observed on 10 March 1996,

Advertisement cally were hriclly described by GLaw & VENCES (1994) we lhere
provide a more detailed description. Calls (recorded an 28 December 1994, in the
evening around 900 hr} consisled of two note tvpes. Notes af wype | (Fig. 2) con-
sistedd of up o 40 pulses (pulse repetition rate aboul 135/xec) and had a duration ol

LAa1-295 msec (215 + 4] msec, n - 15), They were somelimes darranged in series,
with intervals of 347-755 misec (5346 + 129 msec, n — 10) berween notes. The [re-
quency ranged berween 2150 and 3300 He Lach note was emitled as one expira-

Lion, Nole lvpe 2 generally consisted of three pulses (less freguently up 1o Gve puls-
es) and had a duration of 42-74 msee (53 + 11 msec, n = 9). The intensity of the (st
pulse was vsually lower than that of the following pulses. This note type was often
cinitled in short sertes of 2-3 goles; inle-note interval duration was 347-484 msec
(420 £+ 59 msee; n = 6), When both nole vpes were combined (e.g., a note of Tvpe |

lallowed by a sevics of noies ol tvpe 2), the note of tvpe | was usually more intense.

Distribution, The species was oviginally known only [rom the mvpe locality,
Andasibe in central-eastern Madagasear, but was recorded [rom the Andringirea
massil at 700720 m altitude by RaxworTiy & Nussparsm (1996). Recent colleclions
by reams af the University of Antananarivo in the Ranomalang and lkonzo arcas
vielded one specimen {UADBA-MICET 331) which clearly can he assigned 1o 8
vivedes (as well as several additional specimens probably belonging to the species:

UADBA-MICET 260-262, 304, 335, 344. 3471

Booplis rappiodes (Al 192583

Ritacophories rappiodes XL 1928, Name-learine fvpe: holotyne Z8B A0540, callected v Branm T
toealive: "Ankaraka, Sahambendrona (Zeniral-Madagaskar)” aceording w the original deserip-
ticon correspondiog: (o Akkoroka near Salicmbeadonn according 1o BLOMMERSSSCLOSSER &
B asc (EHS 0 Ofeer fvpes: miome

lefentitv, During heldwaork in Andasibe, central-eastern Madapusear, we noted
that B. rapprodes s defined by Biommers-ScHLOSSER (1979). BLOMMERS-SCHIOSSER

Two new trestross Trom Madasasen L7

i 1. — Moegefors viradis, adull specimen Trom Andasibe

Freguency (kHz)
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Fig, 2, — Sonagearm amd oscillogram ol w nate of tepe 1 of Beopfoy wivdis. recorded ar Andasibe

b




| 45 M. Vences and F. Glaw

d¢ Branc (1991) and Graw & Vinoes (1994) was actuallv a mix ol two different
torms. One lorm had extensive reddish-brawn markings on its greenish hack, which
n preservative changed imta a persisient brownish patremn, and.a call that included
long trills, sometimes preceded and followed by click noles. Specimens of the sec-
vund form afren had less extensive and usually bright red msrkings on the greenish
back (Fig. 3), which in ethanel taded slier o tew davs or weeks, and had calls con-
sisting ol shore click series only. The two furms were observed syntopically at Anda-
sibe, while at Nahampouana in south-eastern Madagascar ouly the second form was
lound amd (rill calls were nol heard. DNA sequences (560 nucleotides of the 168
TRMNA gene) dillered in the two lorms; 38 substitniions and 3 indels were lound, cor
responding to a total puirwise sequence divergence ol 7.3%. Altovether the evidenee
14 I"|‘.'L"r'\h'|lL“|l11EJ’];TT that the two [orms are Il"F'II[ll.Jtl.l,_'|_'i_‘l.';_‘|:_1|,' isolated and constiiuie two
separate species, The holotvpe ol Booplis rappiodes is in rather rood state ol [Ir s

vation (despite the contrary starement of Guise 1978) and clearly shows remains of
a hight dorsolateral band on cach side (presumably vellow in Lile) running from the
nostril over the eve along the supralympanic told, fFading in the shoulder region.
Except for a line dark sponting all ever the dorsum, no other pattern is recognizable,
Ihis agrees exactly with specimens from Nabampoana [ZFMK 53621-53622) whicl
are clearly attributable (o the Torm with little dark pigment on the bavk. We there-
Fore conclde That this torm must be considered ns Baophus rappiodes (Al 1928),
while the species with more dark pipment on the back will be described below,

Piagnosis, See Table | Tor morphometrie measurements, A member of (he
Buuphis rappicdes group as recognizable by small size (males 20-25 mm, females
30-34 tun), greenish and slizhily translucent dorsal colouration, translucent ventes
linner organs can be clearly seen through the skin in live specimens) and absence
ol lateral Iringes along lower arm and larsus (Fig, 3), Distinguished [rom Boophis
aradtdraka. by nostril position (closer toosnou tip vs slightly closer to ey, iris
colour (absence of distinel reticulations on a light beige iris), usual presence of red
markings on the back {vs generally absemt) and continuation of dorsolieral seripes
trom eye 1o supratvinpanie fold (vs restricted o snout tip-cyve), Distinzuished Trom
B viridis by smaller sive and prescoce (ve absence) of yvellowish dorselateral
stripes. Tor distinetion from B ervilrodactvlus and (e lwo new species describead
lie i, see el

Materie! examined . TADHA-FGAMY 2000.39 (Andasibe) ZEME 33621-53622 ( Nahurn
povanal, AUMK 33633 33625 and 5UH0Y (Andasibel: ZEMEK 62278 (Vohiparara) ZMB 30430
Chodoty pes Aukoraka): ZSM 3472000 and 67620010 { Andasibe)

Natwral Bustory wnd advertisenpeit call, Calling males were ohserved at night
2.3 m high in the vegetation alang a larege, slowsmoving stream at Andasibe (some-
Limes more than 10 m lrom the waler), and about | m high in the vegetatinn along
a rather large and noisy brook at Nahampoana, at lorest edges or outside primary
forest. Al Nabampeana, advertisement calls were recorded on 4 Janunary 1992 2
1530 hre tate temperature about 25 "C). Euch note consisted of 1wo pulses; durarion
al lnlernote intervals was 2800-54000 msce. Porsilion of single pulses was 13-21
msce (1 =6), dutation ol inter-pulse intervals was 40-43 msec (n = 3}, The Freguien-
ey wis between 2500 and 3500 Hz, Similar calls were recorded ar Andasibe {from
speciimen ZSM 347/2000; Fig: 4). The second pulse had penerally a higher inlensily
and longer duration than the frst pulse, Duration of the first pulse of a note was

Two new treetrogs lrom Madagascan L9

Fiw, 2. Boonhiy vigppodes (ZFME 389869, adult temale {rom Andasibe
Freguency (kHz)

10

B

6

.-4 .

2.

i : =

| ] ]
g 200 400 G600 500 1000 msee

3 _ _

Fig, 4 — Soneeram and oscilloweam ol o coll of Saopios rapmodes, recorded Feam specinien

FaaM 32772000 ar Andasibe
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929 msec (14 L7 msce, n = 9); duration of iner-pulse intervals was 42-62 msec (35
Loamsee, - 99 duration of the second pulse was 11-27 msee (20 + 7 msee, n = 9).
The frequency ranged herween 2300 and 3400 Hz,

Distritrution. Besides the holotype fram (1) Ankoraka and specimens collecred
by us at {2) Andesibe, (3) Nahampoana, and (4) Viohipurara, HioMMERS-SCHLOSSER
&r THANC (1991) reconded B. rappivdes from three additional localities, Mandraka.
Moramanga and Anosibe. These records are probably based on ZMA 71681 and
71o8, tadpnles and voung tam Mandraka, and ZMA 71686, ladpoles "collected along
the road [om Moramanga to Anosibe st km 27" (BLOMMERS-S0H1 Os<FR 1979). As i1
is mot known at pesent how the tadpoles and yvoung of B, rappiodes can be distin-
guished Irom those ol B. botrae n. sp. (sce below), we consider these sites as i
need of confirmation. Also the identity of B vappiodes records from Marojejy,
Anjonaharibe-Sud snd Tsararano in nonth-eastern Madagsascar (RaxworiHy ot al,
998, ANprroxe et al. 2000, Basiivanana et al, 2000) remains 1o be revised.

Boophis boltae n. sp.

feleneiew. This s the B, rappicdes-ike species with distinet dark pigment on the
back and trill calls fsee above), Calls af this specics were altributed 1o B, rapricdes
by GLaw & VeEnceEs (1904

Dingnasis. A member ol the Baophis vappindes group as recognizable by small
size tmales 21-24 iy, one female 35 mm), greenish and slightly translucent dorsal
colovralion, translucen) venter (inner organs can he clearly seen Lhrough the skin
i live specimens) and absence of latera] [ringes along lower arm and taisus, Dis-
tinguished Irom B maordreka by nosied] pesition (eloser Ly snont Hp than to eye vs
slightly closer to eve), and irs colour (absence of distinel reliculations on a light
heie dvis). Distinguished from B, viridis by smaller size, iris colouration, and Pres-
ence fus ahyence) of yellowish dorsalateral stripes. Distinguished from B ervihiio
dactvius by lack ol reddish colour of fingertips, and from B. ervihradacivins and B
rasyiena n.osp. (see helow) by lack ol regular pattern of red dorsal spots. Ty mar-
pholasy and colowration, 8. bottae n, spu s miost sbimilae ta B orappiodes. I is distin-
cuished, however, by a more extensive dark pattern on the dorsum, This difference
s mos| distinet in Hving or freshly preserved specimens: while the dorsal pattern
B. rappiodes 15 wtensely red, and remains red in prescérvative before i eventually
fudes, the pattern in B, bottee is reddish-brown in life and hecomes e rsisieant iy
dark brown in preservative, often Covering almost the entire dorsum (Fiz 5), Addi
Henally, B. boliee s easily distinguished by its advertiscment calls as no other
species ol the B rappiodes group emits long il calls composed o double elick
nates | Fig. o],

Holotype, F5M 8782001, adult male, colleoted by M. Vences and D, Vieites on 16 Fob-
uary 2001 close 1o Audasibe (01 a bridee on the road between the National Road 2 and the
Andasibe village), cental-custern Madagasear 18°56'S, 48°25'E, ca 900 m elevalion,

Perevoes . TADRA-MY 20000194 and 2000 194 75M GTW2001, three adult males, same
collection datn as holotype; UADRA-FGMY 2000.60 and £5M 344/2000, two adult males, eul-
lected by E Glaw and M. Vences on 9 February 2000 at the 1ype locality, #EME 001560016
twve adule males, collécted by Fo Glaw on 28 Decermber 1994 41 Andasihe, ZFMK 6222062221
o adult male ond one adulr female, collected by F Glaw on 9 Felsmary 1996 ol Andasibe
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[, 3. — Boophils Gorrae oo spe (paceivpe ZEME &0015), sdoll male rom Andasile:
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Fig. b, — Sonagram and oscillogram ol o section ol a call of Bagplus borae noosp [seres of noies

ol yple 1), recrivded at Andaglhbe
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Further materiaf, TADBA-RD 1724 and 1732 (Vinanitelo, 15.5 km SE Veliteafen
2174635, 47°20.8°E, 1100 m clevariom); UADBA MICET 19-21 (Mandriundey forest, 4.4 km
SWololongoa, 21735.3°8, 47°29,1'E, 750 m clevation); UADBA-MICET 144 and 137 (Aniba
haka Forest, 9 km NW ."-ll'l'llji-_il.{!l.[l:]f:i}.. 2174405 47724 5°E, 750 m elevation). As na hioacousiic
data ol these specimens are kowwn, we do not include them in the (voe seriess they JELCT,
Beswever, with the type material in morpholoey and colauration. .

Description of the holotype, SYL 24.2 mm. Tor measurements, see lable 1.
Body slender; head wider than long, much wider than bady: snout rounded in dor
sal and lateral views, nostrils directed dorsolalcrally, slightly protuberant, nearer to
lip of snout than to eye; canthus rosiralis moderarelv distinet, curved: loreal FEfion
concave; Lympanum distiner, rounded, 419 ol eve diameter; supratvmpanic fold
rather mdistiner and straight; 1ongue avoid, distinelly bifid posteriorly; vomerine
teeth distinet, in two clongule agerepalions, positioned posterolaleral to choanae:
chaanae rouded. Arms slender, subarticular tibercles single; metacarpal tubercles
nol recognizahle; lingers webbed: webbing formula 1(1), 21 (1.5), 2e (1), 31 (2.25),
de (1) 4 (1) relative length of lingers 1 < 2 < 4 < 3, finger 2 distinctly shorter than
linger 4; finger disks distinetly enlarged; unpigmented nuptial pads recognizable on
the inner side of fivsr finger. Hindlimbs slender: tibiotarsal articulation reaches
beyond snoul tip when hindlimb is adpressed along the hody; lateral metatarsalia
separated by the webbing; inner metatarsal tubercle recognizable, no outer
metatarsal tubercle; webbing tormula berween toes | (00, 21 (0,5), 2e(0), 3i (0.5), 3e
(0, 41 (150 4¢ (1), 510.25). Skin on the upper surface smoath: ventral skin smoath
on throat where the presence of a vocal sac is clearly recognizable, slightly granu-
L on helly) no distiner enlarged wihercles in the cloacal region.

Atter 5 months in preservative, the hasic colour is beige-whitish. No lurther
pigments are present on (he Hanks, while the whole dorsal side i irvegularly coyv-
erad with more or less intense dark pigment, This dark colour is imernmmﬂ by a
patttern ol small pigmentless spots. The area above the eyes is beige to reddish, The
dorsal side of the legs s covered by fow small dark pigment cells. The venter is
nnpigmented, the inner organs are visible through the translucent hellv skin,

Vartintion. The parawvpes agree largely in morphology and colouration with the
halotype. The dark dorsal pattern is strongly expressed in che single female speci-
men (ZFMK 62221) and seme males (ZFME 62220, while in some other males
LEMK 60016 Tig. 3) it ds less distinet and sometimes velatively [aint (ZFMK
elt15). A dark interocular stripe or band is alwavs visible, and the dark patlern iy
always more intense on the posterior back. Two light dorsolateral bands are visible
int most preserved specimens.

Colovr i life. Based on colour slides of several paratype specimens (Fie. §).
The ground dorsal colour, including limbs, webbing and linger and toe disks is
light preenish, more vellowish owards the [anks. Thin yvellow dorsolateral stripes
run from behind the eve to an leust the forelimb insertion, sometimes along the
whole body. Additionally, the dorsal surface has a pattern consisting of four wineril
pigment 1vpes, but presence and extent of all ol them is very variable, First, a rod-
brownish pattern is penerally present above the eves and as an inter-ocular band,
and often as spots and lareer markings ou the posterior hack. Sccond, a black -
lern is often seen as very fine regular spotting on the back {probahly consisting of
single melanophores); often, the blackish pigment forms larger and more intense
spots (prohably dense lavers ol melanophores) at the center of the red-brownish
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markings, i.¢. above and benwveen the aves, Third, a pattern ol brieht red dorsal
spots 1s aohten present; although sometimes intermediate states between these spots
and the red-brown markings are observed, generally the red colour appears simila;
o that ehserved in A rappiodes. Fourth, small dorsal vellow spots are clien also
observed. Few muorkings wre present on lore- and hindlimbs. The venter is translu-
cent. The ivis is Deige with a wirguaoise outer ivis arce und o brownish central mark-
ing in it lower parr the iris periphery is bloc,

Ervmncdogy. Dedicated to Ursula Bot, ZTME, in recopnilion ol her invaluable
help doring the past 10 vears,

Netrral history and adveriisement calls, Calling males were repularly observed
during the night ar Andasibe, 1-3 m high in the vepewation along a slow - moving
stream, in part svntopically with B. rappiodes; Adveriisement culls recorded rom
ZAFMEK 62220 0l Arndasibe on 8 Februarv 1996 (20030 hr) at 23 °C air temperature
had a complex siructure. Nowe wype | owas a double click which ¢orresponded o
vne expiration and was emitted in long (rill series of up o 2800 msec (nole repeli-
flon rate 8-S'sec). BEach note consisted of one longer and one shovter click pulsc
(Fig, &), Duration ol the limst, longer pulse was 21-27 msec (22 &+ 2 msee, n = 15},
duration ol the second pulse was 7-11 msec (9 + 1 msec, n = 13), inler-pulse inler-
val duration was 26-29 msce (27 = 1 msee, n - 13). Inter-note intervals in teill calls
had & duration of 48-70 msee (34 1 3 msee, no= 1 3) The [requency of the lang puls-
es was 40504450 He with a dominant frequency of $150-4330 Hz, the frequency ol
the short pulses was 3600-4900 He with a deminant Dregquency of 4200-4300 112
Notes of type 2 generally consisted of three pulses (the lrst pulse having a lower
intensity )l and were usually emitted ar the end of one trill call with a note repetition
rate of about 2/sec. Pulse duration was 7-28 msec (17 + 9 msee, 0 = 3) [or the first
pulse, 21-26 msec (24 1 2 msec, n = 3) tor the sceond pulse, and 2027 msec (24 +
3 msec, n = 5} [or the third pulse, Tnterpulse interval duration was 28-40 mscc (33
+ 6 mxec, n - 3} between Hrst and second pulse and 14225 msec (20 + 4 msec, n =
) between second and  third pulse. Calls recorded on 27 Fehroary 1998 a1
Vohiparara had an almaost identical structure; the duration differences between the
bwir pulses of note tvpe | were less distiner. The vacal sac was single subpular and
remained partly inflaved between calls.

Distribagtion, The spevies is known fraom (1) the tvpe Tocalily Andasibe, and

brom (2) the Ranomalana arca. The laller locality 1s comoborated by owr own call
recordings and photographs trom Volipasam, aond by UADBA specimens

Boophis ervttwodactvlus (Guibe 1953)

Myperalins erahvodacivins Guise 1934, Nerree-Dediing Fyvped loctolype by prosent designsiion, MNHMN
G2 1469 (originally pomsbaeed 19530714 adull male, vellecied in Seplember 1952 by R,

PauTiam., Fvpee foeafine: “Toedt o Mahageby, pres de Moridenobe, Duest de Madagascar accond-
et b wriginn] desimpiion. Oeler epess pavalectorypes, 1853071, adale malie, s
|99, 1470 1471 {originully numbered 1953 17 1R2C) two submdull specinwss, with samme Sol

lecting data as {ectotvpe.,



| 54 M, Venees and F Glaw

Remsarks. According (o Guime (1953), (e original synivpe series nf Huperalits
crvifiredactylus consisted ol three males and one lemuale. We could determine the
sex reliably in two (male) specimens only (MNHN 1953171 and 199414691 These
stll show distinetly the many lighi (onginally red; see Guint 1933) spors scattered
on the dorsim, and a tew very faint dark minute spots above the eves, In contrast,
in the subadults; the light spotted paltern is not recognizable, while the black pie-
ment forms a laint interacular band on the dorsal head surtace. Whether these pwo
specimens are actually conspecilic with the lectotvpe eannm be reliably ussessed.
Considering the idenrtification of a sibling species deseribed below as B jusvimeri
ospyy Lt ds imporiunt to stabilize the name B, epvtipodaciius by designation of g
tectotype. O the two males, MNHN 19941469 was in a beller state of preservation
upon examination m May 2001, and we therefore choose it as lectolvpe.

Fdeniity, Boophis ervthvedaciviuy was defined by Guige (1953), TiOMMERS-
SUHLOSSER (1979) and BLoMuwers-SUHLOSSER & BraNe {199]) largely by its charac-
teristic colour pattern, with numerous red spots of similar size (whitish in ethanol
on a greenish buck, Duving recent [ieldwork, we obscrved tha populations of [rops
with this character dilfered in advertisement calls. While specimens lvom Mandra-
ka, on which the observations of BLommers SCHLOSSER (1979) were lased, emilted
notes eomposcd of 4-7 pulses of ralther low brequency (below 3500 Hz), those [rom
athor siles emitted noles composed of 1wo or three click pulses of higher lrequency
tubove 3500 Hz), DNA sequences (547 nuclentides ol the 165 rRNA gene) ol one
specimen of cach form (from Mandraka and Andasibe, respecrively) dillered from
each other i 32 substitutions and 2 indels; corresponding 1o a total pairwise
sequence divergence of 6.1%. The high genetic differentiation and consistent call
differences indicate that the two lorms correspond to distine sibling species, Mor-
phologically, we could not detect any significant dillerence hetween them, but the
Mandraka specimens alwayvs had red tips ol fingers and toes which were alisent in
the other individuals, Aveording 1o Guise (19533, who examined (he Ly e Specimens
ol Hoervitrrndacivius shorly alter preservation. inlense red colaur was presenl ol
“Textrémité des wois doigts externes, ainsi que celle des (rois orteils exiernes”. The
red colour vn 2-3 exiernal lngers and toes was also recognizable in Mawv 2001
the ZFMK and ZSM specimens from Mandraka examined (see beluw), 1-7 vears
atter their fixation and preservation in ethanol, The presence of red colowr un some
external or all lingertips of speciinens from Mandraka was alse mentioned by
BLOMMERS-SCHLOSSER (1979), Tn contrast, specimens from Andasibe, Mantady and
ArAla (ull with twosclick calls) had no trace of red colour an pry Hoger or loe-
tips. We therelore consider the species present at Mandruka (Fiz. 7) s conspecilic
with the Iypes of B. envtlirodacivins from Mahaieby forest. Although the laner local-
ity has been said to be in western Madagascarn, | appears to be ratlier on the west-
crn slopes of the central platcad of Madagascar, and al leas) Two Specics occurring
al this site IMeawmidaciving opiparis (Peracea 1893) and a new species ol the M.
wlbofrenatus group; VENCES & GLaw in press] are common in forests above 1000 m
clevation such as the one at Mandeaka fea 1200 m),

Biagnosts. A member of the Boophis rappiodes sroup as recognizahle by small
size (mades 20-25 mm, female 32233 mm Table | and Brovvers-Scarosser 1979)
greenmish and slightly manslucenr dorsal eolovration, translucent venter (inner
organs can be clearly seen through the <kin in live specimens) and alisence of later
al fringes along lower arm and tarsus. Distinpuished from Booplis mandraka by
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nostil position (closer o snour tlp than 10 eve vs slightly closer 1o eve), and iris
colour {absence of distinct reticulations on o light beise iris). Distinguished from B,
virtdis by smaller size. Distinguished from all species of the B, rappiodes group
excepl lor B jasvimena n.spe (see below tor a distinction trom that species) by o
regular dorsul paltern ol similarly-sived red spots and red colour of (at least the
vaternal) tips ol Tingers and toes (Fig, 7).

Muateriod exarmned. MMNHN 1UE3 171 and 1994 1469-147 1 (leclowpe and (hree paralecto-
spes trom Mahajeby forest); UADHA-MY 2001 206-207 {(Mandiaks ) ZFMK 398]3-50814
[Marndrakal; 256 3222000 sud 87722001 (Mandrakal.

Disiribudiont. The species is at present onlv known brom (1) the tvpe locality
Mahajeby amd (2) Mandraka, Brommens-Seriosser & BLane (1991) mentioned
three other localities for the species, namely Andasibe (as Perinel), Muanjakatompo
and Voudrogo, The distriburional information ol these authors was almost exclu-
sively based on the ZMA and MNHN holdings which were revised by us, The
Manjakatompo locality was bused on tadpoles (ZMA 7205-7206: BLOMMERS-
SCHLOSSER 1979) which most probubly correspond w the species Booplis ankarg-
fra Andrecme 1993 (Geraw & Vinces 1994 and unpublished data), The Andasibe
locality was based on two males (ZMA 6929) collected along the “highroad RN, 2
al km 142, alt 1100 m" (BroMmmies-ScHiosser 1979), Unlorunately, in the ZMA
maerial, “the red enlour has disappeared completelv ., probably becanse the cal-
lection was exposed o the light lor some 1ime” (BLoMMORS-ScHLOSSER 1979),
Theretare it is nol possible, al present, to ascertain whether the specimens labeled
FMA 6929 are to be assigned (o B. ervirodaceylus or to 8. wsvirena n. sp. (see
below ). As the litter species 1s common in the Andasibe revion, we consider the
presence of B ervilrodacivlis as in need of confirmation, although the syntopic
occurrence of both taxa cannet e excluded, The locality Vondroza is based on
MMNHN 1930432 This specimen is in rather good state of preservation, hut the
colour puliern has faded completely, A reliable determination of this specimen
(see Table 1 lor measurements) s nol possible, and we theretore propose 1o cor-
sider also the Vondrozo locality tor B ervtlrodaciolios as in need ol confirmation.
As o Llw presence of 3 ervtirodacivins at Ranomatana (AKDREONE 1994), we sSUp-
pose that this revord was bused on observations of the very similar B fasvienn n,
s Isee below) which is comimaon in this drea.

Naruval fistore el adverisennent calls. Calling males were ubserved abaur 2:3
m high in the vegetation along broad, lusi-tlowing streams, syimopically with 5,
mnidraka (see alse BLOMMERS-SCHLOSSTR 1979), Calls [vom Mandraka (recorded on
9 February 1994, 21:45 hry at 23 °C air temperature) were series of usually 4-7 click
pulses (zomwlimes up o 14 clicks) (Fig. 8), Duration of cach pulse was 9-15 msec,
pulse repetition rate was 9-10see. Inter-pulse interval duration was 99-109 msce.
The lregquency was between 1850 and 3500 msec, and aften increased towards thi
last pulses ol @ cull.

Boophis tasvmena n, sp

fdentiry. A B, ervihrodactvlus like species with twa- or three-pulse calls of high
requency, and withoul red tps on lingers and thes (see above),
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Fig. 7. — Boophis ervihradaciving, adult male from Vandroka Lspecimen prescrved in UADBA enl-
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Diggriosis. A member ol the Booplis rappivdes grioup as recognizable by
emall size (males 21-23 mm, one [emale 32 mm; Table 1), greenish and slightly
tanslucent dorsal colouration, translucenl venter (inmer organs can be clearlv
seetl Llirough the skin in live specimens) and absence of lateral fringes along
lower arm and tarsus. Distinguished trom Boophis mandraka by nostril pasilion
(closer to snout tip than 1o eve vs slightly closer 10 eve), and iris colour (ahsence
of distinet reticulations on a light beige iris), Mistingnished from B, viridis [y
smaller sive. Distinguished [rom all species ol the B. rappiodes group except for B
crvilrodaetvius by a regular dursal pattern of similarlv-sized red spats, The species
is most similar lo B ervtlirodactvius, but differs in advertisement calls (2-3 click
pulses vs 4-7 pulses), in lhe lack ol red colour on the tips of fingers and toes (vs
presence al least on the external Hngers and toes: Fig, 9), and possiblv in a small-
e mean size ol males (SVL 2123 mim vs 24-25 mm in tlie sainples analyzed by
us; Tuble 1) It fiorthermore shows important peneiic difterences from B, entioo
daciylus (see Idenlity section ol that species) which lully support its stalus as a
distinet species.

Hodotvpe. ZEM 0852000 (origimally ZFME 022245, adult joale, collected by B Glaw on
4 Felyuury 1994 ar Andasibe, ceulral-easierm Madagascar, 18"538°S. 48725, ca 900 elova
ticsn | Fig, 4)

Pavatypes. ZFMR 62225 wlull male, same callecting data as holotvpe; ZEMEK 62243
62244, bwo adule males, collected by B Glaw on 10 February 1996 at Mantady: 2FMK 62262
and 62287, bwo adull males, collected by B Glaw i 3 February 1996 at An'Ala: ZEME 62588,
ot ;I:'HIHL.". collected ::':I.'l. F Glaw, D, Eakowminlala anel F H.‘ll]'.ij".'hjﬂﬂl'li.l g 9-11 March 1995
ul Andasibe,

Description of the holotype, SVI. 227 mm. For measurcinents, see Tahle 1,
Body slender; head wider than fong, much wider than body; snout moderately trun-
cated i dorsal and literal views; nostrils divected Taierally, slightly protuberant,
nearer W tip ol snout than o eve; canthos rostralis relatively indistinet, curved:
loreal repion slightly comcave; (ympunum distinet, rounded, 37% of eve diameter;
supratympanic lold indistinet, relatively straight; tongue ovoid, distinetly bilid pos-
teriorly; mudiments ol vomering teeth can be recopnized posternlateral 1o choanac:
choanae rounded, Arms slender, subarticular tubereles sinele; metacarpal rubercles
nol recogmizable; fingers webbed; webbing Toemuala 1 (1), 21 (1.258), 2e (1), 31 (2.25),
3 (20 4 (LE relative length of Anpers | < 2 < 4 < 3, [inger 2 distinetly shorter Lhan
linger 4 finger disks distinetly enlavged: unpigmented nuptiol pads on inner side ol
tiest Tinger. Hindlimbs slender: tibiorarsal acticulation reaches suoul tip when
hindlimby is adpressed alang the body; Luteral metararsalia separated by the weh-
hing, inner metatarsal (uhercle present, ouler metatarsal nibercle absent webbing
forminla bebween toes | (0], 20 (0,3), Ze (0) 31 (1.25), e {:5), 43 (2); 4= (2), 5 (0.3
Skin on the upper surlace smoath; ventral skin smoath an throat, slightly pronula
on bellv: no distiner enlarged ubercles in the cloacal region.

After morg than 3 vears In preservative, (he main colouration is a cirty
vellowawhite. The whole dorsal area, including tore- and hindlimbs, is stippled with
small, distinet red spots, all of more or less similar size. Laree, intense red mark
ings are presenl above the eves, and are connected by o discontinuous red inter

oenlar sivipe. The centre of these supraocular markings is covered by blackish pig-

ment. Novred colour is present on Lhe tips of fngers and toes. The venlial side is
completely unpismenigad
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Fig. Y. — Boophis tasvoresa nospo (Tololype 288 108520013, adult male Ivom Anduasiba
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Fig: 1 — Sovapram ond eseilloprim of a call of Beophis raovmenn . spe. recorded ol Andasibe
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Vawrratuwnr. The paratvpes ngree well in morphology and colowation with the
hololype, Most males (o preservative) have red patches above the eves and a red
inter-oculiar line of ditferent width and infensity, Generally, also some dark pigment
15 present al these places Tn some specimens, three (ZFMEK 62262) o fowr (ZFMK
6222%) regularly spaced black spors are present on the tibia. Especiallv ZFMEK
862225 is also characterized by two symuimetnic dack birown markings on the central
buck. The single female (ZTMK 62888) is characterized by the absence of LA AT
af supraocular or inter-veular markings; the sole patern in this specimen s the
line regular red spotting all over the dorsal surface. No trace of red colour on the
lips- ol [ingers or toes:is visitble in any specimen.

Codoier i fife. Based on colour slides ot the holotvpe and ol several paratvpe
specimens, The ground colowr is vreenish, including the limbs, webbing and finger
und loe disks, Somctimes, the latter are ol & more intense green than the limbs, but
never show any red colour, The ventral side is translucent. Yellow dorsolateral lines
run from the eve o Lthe forelimb insertion. Dorsally two lurther pigment tvpes are
presenl to a variable exlent: the bright red spotting; reddish hrown markings above
the eyes and as an inter-ocular (ransversal band, but seldom as svmmerric mark.
ings on the back, The ins is beige with a bright light blue outer area and a brown-
ish ventral marking in ils lower part: the ims pernphery s bloe.

Livmology. Devived Trom the Malagasy words tasy {pallern, spot) and mena
tred) and reterring to the characieristic red spotted pattern. The name is uscd us un
invariable noun standiog in appesition to the seneric name,

Natral hustory wnd adveriisenient colls. Calling males were found at night sil
titte 1-3 m high in trees and shrubs along broad hrooks, sometimes at distances of
e ton 20 m brom the water. Calls recorded at Andasibe on 4 Febroary 1995 a1 19:30
hr (24 °C air temperature) and An'Ala on 3 Febroary 1996 al 18:30 hr (23 °C air
lemperature ) were very similar They usually consisted of two pulses (Fig, 10).
Malse duralion was 10-24 msec (17 + 3 msec, n = 46), duration of intcr-pulse inter-
vals was 71-97 mser (81 + 8 msec, 1= 23) The lreguency ranged between 3850 and
6100 Hz, the dominant frequency was 3000-3300 Hz. Calls recorded al Vohiparara
on 3 March 1996 repularly contained also three-pulse notes, Pulse duration was
217 msec (7 L 3 msec, 0= 17) durdlion ol inter-pulse intervals was 63-20 msace (77
£ 9 msee, n— 11), The Irequency was 3700-3400 Hz, the dominant frequency 4250-
4900 Hz. The vocal sac wus single subgnlar, and cach two- or three-pulse note was
emitied as one expiration. The vocal sac did not remain inflated between calls, but
was slightly inflated belore the start of cach call.

Pistribution. Besides (1) the wpe locality Andasibe and the localitics of
paratypes, (20 Mantady and (3) An'Ala, the species s wlso known trom (4)
Volipurara, The latter Tocality is corroborated by feld observiations and call record-
ings by T Glaw (see call descriptions above)

DISCLSSHON

i addition w0 the characters used here for distinguishing among the Species
af the B sappiodes zroup, several others have been used in the Hierature and will
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therelore be diseussed in the [ollowing, BLomuers Scnpossie (1979 disringuished

i viridis by a strongly protruding nostdl (vs slightly protmuding in the arher

species). We do nol consider this character 10 be very uselul, especially as 8.
viridis is easily diagnosed by is size and general appearance. The maore strongly
protruding nostrils of A virdis are recagnizable in most individuals, bul at least
in one ol our specimens, ZEMK 60013, the nostreil state did nor dittos [Tom olher
species of the proup.

BLOMMERS-SeHLossER (1979) alen distinguished 8. rappivdes by its shorter
hand length (ratio HAL/SVL 0.26 vs 0,33 in the other species). In our sumple
(Table 1), mean relative hand length of B rappiodes males was petually the lowes
(0.299), bul also the values of B, viridis (0.300), B. bottae (0.305) and 5 fasvimena
males (0.308) were low, with largely overlupping ranses. Although relative hand
lengsth may be ol some use to distinguish particular specics (e.n., in our sample,
B, pranadraka males Tad a hish mean value of 0.340). it is not a very uschul diap-
nostic characier according Lo our data.

In contrast, relative tviupanum diameter. as used by BLOMMERS-SCHLOSSIR
(1979) 1o characterize B ervihrodactviuy, appears uselul also according 1o our
dala set. Instead ol the ratio TDIED as used by BLOMMEES-SCHLOSSER (1979), we
preferred the ratio T/SVL, as eve diameter can strongly depend on the state of
fixation and preservation at the specimens, Considering males only, the highes
mean vilues, 0071 and 0.070, corresponded 1o . envtfirodactylys and Qs sibling
B. tasvirena, while the other species of (he group ranged between 0.060 and
LO62. Bven the mintmun values ol B. ervilyoductvins (0,069) and B. LS VINEN
(WO6T) were higher than those of any other species except ftor B rappiodes in
which two individuals utained 0.068-0.089. We therclore confirm that relative
tvmpanum diamerer in B. ervihradacivins and B tasymiena is larger than in the
ather species of the group.

A hareher dilterence within the . rappiodes aroup is rclative female size. All
specics agree with the geneml tend that Boaphis lemales arc distinetly larger
than males (in contrast (o many species ol the mantelline genus Mandidacryvig),
enwever, the relative mean maleffemale size ratio ol B vividic (87%) is dislinctly
higher than in the other species of the group (66-73% in B rapprodes, B, Buitae,
B ervtivodaciving and B, jasvinena). As female size is similar in 8. virdis and the
ather species (Table 1), this indicates arn evolutionary trend of male size diflerenti-
ution independently of [emale size. It may be hypothesived that the derived siile
is the lirge male size with low sexual dimorphism in B, viridis. This Lpecics
occurs syatupically with three other species af the B ruppiodes group at Andasibe
(B, rappiodes, B. bortae and B. tasvinena) and is bloacoustically the most diversenr
species ol the group. It is well known that the lrequency ol vocalizatons is
imversely correluted with individual size (DuELiMar & TriuER 1986). It is therelore
possible that the size diversification ol this species has been inlluenced by lactors
of binnvoustic competition with other synlopic specics ol Lhe B, rappiodes proup.
An alternative explanation lor rhe relatively enlurged size ol B, vicidis males RTTERY
be intraspecific male combats (SHise 1979 which. however, have nal been
ubserved in this species

The discovery and description ol two additional species of the . rappriodes
group indicates that the conire of endemism ol the Eroup 15 00 central-castern
Madagascar. Two Jurther new species of rhe group, siblings 10 B, mandiaka, weore
also discovered in this region (this complex of species will be revised elsewhere).
According o the distribution maps of BLOMMERS-SCH1OSSER & Braxc [1991), wnly

Two new treelroegs [rom Muadagiasear thl

one dubious record of B maaidraka was then known Traom the Chdines Anosvennes
in the extreme south-east. The corresponding vouchers, MANHN [973.1100-1101
and 197311031105, have distinct frinees along the lateral edge of the lewer arm
and lursus, which are absent in rthe B pappiodes proap i tvpical ol the B Jhieis
group (BLOMMERS-SCHLOSSER & Brane 1991 ) these speciinens may utlual.lh' belang
lo Boophis andohakela Andreone et al. 1995, B, albipunciatis Glaw & Thiesmeier
1993, or K, sibifans Glaw & Thicsmeior 1993, Thus, the record of B, rappiodes in
Nahampeana (Graw & Vences 1994) was the first of o species ol s £roup in tar
soulh-eastern Madagdscar Recenl surveys recorded species of the group from the
north-cast: B mandraka and B, rappiodes Traom Marojejy, Anjanaharibe-Sud,
Tsararvano, and B snawdvaka Trom Ambolokopatrika (Raxwortiy el al. 1998,
ANnrEONE ef al. 2000, Rastimdanaxa e al, 20000, However, al these northern and
southern sites, onlv one or two species were lound, while the Andasibe-Mundralka
aren in central-castern Madagascar harbours at least cighil species,

The elevationul distribution of the gronp is largely confined o mid
elevations (700-1200 m). Al north-eastern sites, B, rappiodes and B, inandraka
were lound between 500 and 1360 m (KaxwortHy et al, 1998, Anoweont e al,
2000, Raseroaasann e al, 20001, while the south-eastern Nobuampoanu site, located
al ca 300 m above sea level, is an exceplion, However, other tvpical mid-elevalion-
al species, such as Boaphis hitews (Boulenger 1882), also reach lower elevialions at
Nuhampoana,

Altogeither, the new distributional and raxonomic information confirms L
the high faunal diversity in wid-elevational central-eastern Madagascar (Lees 1996)
is nol o sumpling artefact. On the other hand, (he degree of endemism in (his
region may be lower thun previously thought, and species thought 1o he exclusive
to the environments ol Andasibe are increasingly recorded also [rom other sites.
According to our data, all species revised herein are known from at least one addi-
tional site, mostly in soulh-enstern Madagascar (Ranomalana areal. The genetic
dillerentiation (in the 165 rRNA gene; Table 2) of Boopdids tasyinena 160 B, eryvifire-
dacivins and B botlae to B rappiodes (6-7%) is of 2 similar order of magnitude as,
[or instance, that of B. crvihendi vl and B tasyvimena (o B, rappiodes (8%); it is
lower than between B, virtdis and the other species (9-10%), but still much higher
than would be cxpecied Drom the similar morphology ol Lhese sibling species. In a
molecular phvlogenetic analvsis (VENCES 0 al. 2002), B, botrae 'n~.-;,151l.|1n;‘ Sister
species of B, ruppiodes, and B. fasyotena the sister species ol B ervthrodacivius, as
wiould be E':qmcln:n_l Fromm the sirmilarities in eolouration andd IIHHIThl]l{Jt‘_{}'. Whoen the

fahle 20
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penves in per cent {above diagoenal) and toial number of substitutions including indels {Below diaw
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usual rate estimate of 0.6% pairwise sequence divergence per million vears is
upplied, the origin of these sibling species clearly predates the Pleistocens. as is
common in raimtorest species (Moritz et 4l 20000
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