
Introduction
Mantellid frogs are a species-rich endemic radiation from 
Madagascar, characterized by a high ecomorphological 
diversity. Adult mantellids comprise semi-aquatic, 
riparian, leaf-litter-dwelling, fossorial, and arboreal frogs 
(Glaw and Vences, 2006; Glaw et al., 2006). Since the 
first revisions of Blommers-Schlösser (1979a, 1979b), it 
has become clear that also the larval stages of mantellids 
are remarkably diverse. Especially the species in the 
subfamily Mantellinae have evolved highly specialized 
tadpoles with funnel mouths, completely or partly 
reduced keratinization of elements of the oral disk, or 
adapted to phytotelmic habitats (Blommers-Schlösser, 
1979a; Glaw and Vences, 2006; Altig and McDiarmid, 
2006). In contrast, species in the subfamily Boophinae 
(all in the genus Boophis) have, as far as known, a less 
wide variation of larval characters. Boophis comprise 
pond-living and stream-living species (Vences et al., 
2002; Cadle, 2003), and the major variation of Boophis 
tadpoles is along the axis of adaptations to weaker or 
stronger water current, with a higher number of labial 
tooth rows and oral papillae, and a wider mouth, being 

characteristic for species living in stronger currents 
(Raharivololoniaina et al., 2006; see also Altig and 
Johnston, 1989). So far, a single Boophis tadpole is 
known not to be conform to this pattern: the larva of 
Boophis picturatus is totally devoid of keratinized oral 
structures and probably is specialized to ingest sand 
(Altig and McDiarmid, 2006). 
In the context of a research program to identify the 
larvae of Malagasy frogs using DNA barcoding and 
describing their morphology, we here provide data on 
two species of Boophis with apparently specialized 
larval oral morphologies. These are Boophis majori and 
a closely related, sympatric undescribed species which 
we name Boophis sp. aff. majori “long calls”, following 
Glaw and Vences (2007). In addition, we also provide 
a redescription of a further specialized tadpole, that of 
Boophis williamsi, a poorly known montane species for 
which a general larval description has been published 
previously by Blommers-Schlösser (1979b).

Materials and Methods
Tadpoles were collected in the field, euthanised by immersion in 
chlorobutanol solution, and immediately sorted into series based 
on their morphology. From each series at least one specimen was 
selected and a tissue sample from its tail musculature or fin taken 
and preserved in 99% ethanol. These specimens are here named 
“DNA vouchers”. Drawings and descriptions of the tadpoles in 
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this paper are exclusively based on the DNA vouchers. All speci-
mens of each series were examined to assess morphological vari-
ability and to complete the structures missing because of tissue 
sampling in the DNA vouchers. After tissue collection, specimens 
were preserved in 4% formalin, or 70% ethanol. Specimens were 
deposited in the Zoologische Staatssammlung München, Germa-
ny (ZSM). We give the ZSM catalogue number of voucher speci-
mens as well as the field numbers (ZCMV, T) applied to the same 
series.
Tadpoles were identified using DNA barcoding approach based on 
a fragment of the mitochondrial 16S rRNA gene, which is known 
to be sufficiently variable among species of Malagasy frogs (Tho-
mas et al., 2005). The circa 550 bp were amplified using primers 
16Sa-L and 16Sb-H from Palumbi et al. (1991) applying standard 
protocols, resolved on automated sequencers, and compared to 
a near-complete database of sequences of adult Malagasy frog 
species. Identification was considered to be unequivocal when 
the tadpole sequence was 99-100% identical to an adult specimen 
from the same geographical region, and not more similar to any 
sequence from another species. DNA sequences were deposited 
in Genbank (accession numbers FJ217329-FJ217345; accession 
numbers of comparative adult specimens are included in the se-
quence sets AY847959-AY848683 and AJ315909-AJ315913).
Developmental stages are based on Gosner (1960). Morphologi-
cal terminology and labial tooth row formula follow Altig and 
McDiarmid (1999). Small and irregularly occurring gaps in rows 
of labial teeth were interpreted as oral deformities (see Drake et 
al., 2007). Measurements of body and tail were taken using a dig-
ital calliper (effective range: 0-150 mm; precision: 0.03 mm; re-
peatability: 0.1 mm). Drawings are mainly based on the preserved 
tadpoles. Pictures and measurements of the oral apparatus were 
taken using a Zeiss Stereo Discovery microscope with a mounted 
digital camera.
Abbreviations used in the descriptions are as follows: BL, body 
length (distance from the tip of the snout to the body-tail junc-
tion); BH, maximum body high; BW, maximum body width (at 
the widest point); TL, total length (sum of body length and tail 

length); TAL, tail length; ED, eye diameter; IOD, inter-orbital 
distance (measured between the centres of the pupils); IND, in-
ter-narial distance (measured between the centres of the narial 
apertures); ESD, distance between eye and spiraculum (distance 
between the centre of the eye and the centre of the spiracular aper-
tures); LTRF, labial tooth row formula; LTD, labial tooth density 
(number of teeth per millimetre in A2); LTN, number of all teeth 
in A2; PN, papillae number; TMH, tail muscle height (measured 
vertically from the junction of the body wall with the ventral mar-
gin of the tail muscle); TMW, tail muscle width (measured hori-
zontally from the sinistral and the dextral junction of the body); 
MTH, maximum tail height (including fins and caudal muscula-
ture, taken at its maximal vertical extent); DF, height of dorsal fin 
at midlength of tail; TMHM, height of tail muscle at midlength of 
tail; VF, height of ventral fin at midlength of tail; ODW, oral disk 
width (maximum width of the oral disk).

Results

Boophis majori (Boulenger, 1896)
The following description refers to one tadpole in 
development stage 26 (field number ZCMV 5982, 
ZSM 0554/2007, TL 13.3 mm, BL 9.9 mm), from 
a site locally known as Ranomena, 21°12.736’S, 
47°26.010’E, 1144 m above sea level (asl); collect-
ed from a rather slow moving, deep stream (depth: 
17-60 cm, mean 32 cm; width: 3.3 m) with sandy 
underground and surrounded by Pandanus trees, lo-
cated in Ranomafana National Park, collected on 19 
March 2007 by R. D. Randrianiaina and A. Strauß.

In dorsal view, body oval, snout weakly pointed. In 
lateral view, body depressed, BW 84% of BH. Eyes of 
moderate size, ED 29.3% of BL, not visible in ventral 

Figure 1. Drawings of the preserved DNA voucher tadpole of Boophis majori (DS 26), series ZSM 554/2007); (a) oral disk, (b) 
lateral view, (c) dorsal view. Not to scale.
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view, positioned dorsally and directed dorsolaterally, 
situated at about 1/4 of body length. Nares round, 
moderately sized, rimmed and with a dark shaded area 
positioned posterodorsally, in the centre between snout 
and eyes. IND 42% of IOD. Spiracle sinistral, inner 
wall free, not visible in dorsal view, spiracular opening 
round, positioned laterally, ESD 20.2% of BL. Vent tube 
damaged by tissue sampling. Caudal muscle without 
change in height until 1/3 of the tail, then decreases 
in height, gradually tapering to tail tip, TMW 57.5% 
of BW. Dorsal fin originates at the tail body junction, 
increases gradually to attain its maximum height in 
the middle of the tail, then declines slowly towards the 
tail tip. Origin of the ventral fin is not visible because 
of damages by tissue sampling. In the last 2/3 of the 
tail the ventral fin maintains a similar height before it 
decreases towards the tail tip. Margins of ventral and 
dorsal fins are convex. Tail tip rounded, MTH 52% of 
BH. Oral disk of moderate size, ODW 10.1% of BL and 
21.3% of BW, anteroventrally not emarginated. A single 
row of marginal papillae interrupted by a medial gap 
on the upper labium, total number of marginal papillae 

33. Papillae relatively large, conical with rounded tips. 
Most of them directed laterally. LTRF 4(1-4)/3(1). The 
density of labial teeth on A2 is about 34 per millimeter. 
A1 has a total of 69 labial teeth. The length of interrupted 
anterior labial tooth rows (A1 to A4) decreases 
gradually towards the centre of the OD. P3 about 50% 
of P2, labial teeth on P3 obviously smaller then on the 
other rows. Upper jaw sheath strongly derived and 
poorly keratinised, semicircular with well developed, 
keratinised, narrow, central projection. Under jaw 
sheath of normal shape, rather deeply positioned inside 
oral cavity, poorly keratinised, marginally furrowed. 
Colouration in preservative. Dorsally: body and tail 
musculature whitish, covered with large, generally 
round spots of patchy distribution. Some concentrated 
pigmentations forming a big dark patch between the eyes 
and patches next to the nares. Laterally: intestinal coils 
and spiracle well visible; caudal musculature whitish 
with large, round, black spots, of patchy distribution 
along the tail muscle. Patch density and size diminishes 
towards tail tip. Dorsal fin translucent with some dark 
irregular spots, remaining parts of ventral fin translucent. 

Figure 2. Drawings of the preserved DNA voucher tadpole of Boophis sp. aff. majori “long calls” (DS 25; series ZSM 1210/2007); 
(a) extended oral disk, (b) oral disk with relaxed (not extended) form of posterior labium; (c) lateral view, (d) dorsal view. Not to 
scale.
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Ventrally: the whole surface of ventral body translucent. 
The well visible intestine is regulary spiral-shaped. Four 
muscle-like paired structures shining through the skin 
of the body.
Variation. Specimens in the second series (ZCMV 5398, 
ZSM 953/2007; also from Ranomena) have different 
LTRFs. Larger specimens: 4(2-4)/3(2-3). Smaller 
specimens: 4(1-4)/2(1-2), 4(1-4)/2(1). The specimen 
with five upper tooth rows has an additional small 
row above the regular A1, indicating that possibly the 
original A1 has been reduced in most individuals of this 
species.

Boophis sp. aff. majori “long calls”
The following description refers to one tadpole in 
developmental stage 25 (field number T0044, ZSM 
1210/2007, TL 13.99 mm, BL 9.36 mm) from Sakaroa 
site (21°15.889’S, 47°24.730’E, 930 m asl.); a rela-
tively big stream (mean depth: 27.3 cm, mean width 
6.9 m), with underground dominated by gravel and 
sand; surrounded by dense rain forest, in Ranomafana 

National Park, collected on 21 March 2007 by S. Ndri-
antsoa, R. D. Randrianiaina and A. Strauß. A piece 
of ventral tail has been excised for DNA analysis. 

In dorsal view, body ovoid, snout rounded. In lateral 
view, body depressed anteriorly and bulged posteriorly, 
BW 114% of BH. Eyes of moderate size, ED 12.8% 
of BL, not visible in ventral view, positioned dorsally 
and directed dorsolaterally, situated at about 1/5 of 
body length. Nares elliptical, moderately sized, margins 
rimmed and black spotted, pointed to the end of snout, 
positioned closer to the tip of the snout than to the eyes, 
IND 44.3% of IOD. Nares not protuberant. Spiracle 
sinistral, inner wall free from body and formed such that 
aperture opens posteriorly, not visible in dorsal view, 
spiracular opening rounded, situated at midbody. Vent 
tube destroyed by tissue sampling. Intestinal coils are 
well visible in ventral, dorsal and lateral view. Caudal 
musculature well developed, TMH 60.8% of BH and 
98.5% of MTH, TMW 30.6% of BW, origin at 1/3 of 
the body. Gradually tapering from mid-tail to the round 
fin tip. Dorsal fin originates before the base of caudal 
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Table 1. Original measurements (in mm) of DNA voucher specimens of tadpole series of Boophis majori and B. sp. aff. majori 
“long calls”.

Species B. majori B. majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff. 

majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff. 

majori 

Voucher 
ZSM 

554/2007 ZSM 953/2007 
ZSM 1210/ 

2007
ZSM 982/ 

2007
ZSM 993/ 

2007
ZSM 1111/ 

2007
ZSM 325/ 

2007
ZSM 024/ 

2007
ZSM 970/ 

2007
ZSM 1156/ 

2007

DS 26 26 25 40 25 25 25 27 25 25

BL 9.9 11.7 9,36 10.0 8.5 9.8 7.8 8.1 8.5 8.5

BH 5.6 4.8 5.59 5.6 4.6 4.6 3.4 3.9 4.3 3.3

BW 4.7 6.9 6.37 5.9 4.8 5.6 3.9 5.2 6.2 4.9

TL 13.3 29.9 13.99 21.5 19.5 19.2 16.9 19.8 18.2 19.0

TAL 23.1 18.2 5.33 11.7 11.1 9.5 9.1 11.7 9.8 9.8

TMH / 3.4 3.4 2.7 3.6 2.7 2.0 2.2 2.2 2.3

TMW 2.7 2.1 1.95 3.3 2.8 3.1 1.6 2.0 2.0 1.6

MTH 2.9 3.9 3.45 3.1 2.6 3.1 1.5 3.3 / 2.8

DF 1.4 0.7 0.1 / 0.26 0.2 0.2 0.4 / /

TMHM 2 2.3 2.7 2.3 2.34 2.4 2.3 1.8 1.2 /

VF 0.8 0.4 0,12 / 0.39 2.9 1.9 0.7 / /

ODW 1 1.6 1.62 1.2 0.91 1.2 1.2 1.2 0.9 0.7

ED 2.9 2,4 1.2 3.3 3.8 3.9 2.5 2.7 2.6 /

IOD 3.1 2.2 3.1 2 1.6 3.3 0.9 3.3 1.3 /

ESD 2 2.2 / 2.3 2.3 1.7 1.6 1.8 1.7 /

LTRF 4(1-4)/3(1) 4(1-4)/3(2-3) 4(2-3)/3(3) 3(2-3)/3(1) 4(2-4)/3(1) 4(2-4)/3(1) 4(1-4)/3(1) 4(1-4)/3(1) 4(2-4)/3(1-2) /

LTD 34/mm 35/mm 60/mm 68/mm 80/mm 60/mm 79/mm 70/mm / /

PN 33 51 / 64 60 53 61 57 98 /

LTN 69 95 112 78 107 / 85 90 90 /

IND 1.3 2.0 1.4 1.5 2.1 1.0 0.6 1.3 1.0 1.3
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muscle, slowly increases in height, and finally decreases 
towards the clearly visible rounded tip, MTH 61.7% of 
BH. Posterior to the area of tissue sampling, the ventral 
fin decreases in height. Ventral and dorsal fin are convex 
in their outline, dorsal fin is at maximum height higher 
than ventral fin. Oral disk of moderate size, ODW 17.3% 
of BL and 25.4% of BW, positioned anteroventrally, not 
emarginated. A large dorsal gap in marginal papillae. 
Lower and upper labium with two rows of papillae, all 
with pointed tips and not pigmented. Labial tooth row 
formula 4(2-4)/3(2-3), about 60 labial teeth per mm and 
about 112 in total. Labial tooth row length decreases 
from A2 to A4. Large medial gap in second anterior 
labial tooth row. All posterior rows are M-shaped, first 
row with small medial gap. Upper jaw sheath M-shaped 
and lower beak V-shaped. Both jaw sheaths wedge-like, 
completely black.
Colouration in preservative: tan is whitish, covered with 
different brown irregular spots on body and muscle. On 
dorsal fin black spots, but not visible in ventral view; 
ventral fin without colouration. Under each eye and to 
the tip of snout no pigmentation. The whole surface of 
ventral body translucent.
Variation (see Table 1) was measured on the voucher 
specimens from the following series: ZCMV 1392, 
ZSM 024/2007 from Kidonavo in the Ranomafana 
National Park, 21°13.540’S, 47°22.210’E, 1147 m 
asl, collected on 19 February 2007 in a slow moving, 
deep stream (depth: 43-165 cm, mean 84 cm; width: 
4.4-7.2 m) with sandy, partially very soft underground. 
The stream was surrounded by dense forest inhabiting 

some Pandanus-trees. T0199, ZSM 0325/2007; T0048, 
ZSM 0970/2007; T0045, ZSM 0982/2007; T0096, 
ZSM 0993/2007; T0219, ZSM 1111/2007; T0166, ZSM 
1156/2007; and T0044, ZSM 1210/2007, all from the 
same site (Sakaroa) and same date as the specimen used 
for description. All specimens were collected by R. D. 
Randrianiaina and A. Strauß.
All these specimens were similar to the specimen used 
for description in morphological characters, especially 
with respect to their oral disk characters. None of the 
specimens had the peculiar oral disk morphology 
observed in Boophis majori.

Boophis williamsi (Guibé, 1974)
The following description refers to one tadpole in 
developmental stage 35 (field number ZCMV 2608, 
ZSM 354/2008, TL 84.1 mm, BL 27.2 mm), from 
Ankaratra Massif, collected on 15 February 2006 by R. 
D. Randrianiaina and D. R. Vieites.
In dorsal view, body more or less ovoid, broader in 
anterior part, snout rounded. In lateral view, body 
depressed, BW 130.8% of BH. Eyes of moderate size, 
ED 8.1% of BL, not visible in ventral view, positioned 
dorsally and directed dorsolaterally, situated at 46% 
of body length. Nares rounded, relatively small, not 
prominent with marginal rim, positioned dorsally, 
oriented anterolaterally and nearer to eye than to snout. 
IND 57.6% of IOD. Spiracle sinistral, inner wall almost 
completely attached to body and formed such that the 
aperture opens laterally instead of posteriorly, visible 
in dorsal view, spiracular opening elliptical, positioned 

Figure 3. Photographs of oral disk of the preserved DNA voucher tadpole of Boophis majori (ZSM 554/2007) and (b) Boophis 
sp. aff. majori “long calls” ZSM 1210/2007). Note differences in oral disk shape, size, form and arrangement of papillae, length 
of labial tooth rows, and especially form of upper jaw sheath. Note that upper labial tooth row A1 in (b) is damaged (originally 
continuous). 
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laterally, directed posterodorsally, situated below the 
longitudinal axis of caudal musculature and the aperture 
is closer to the end of the body than to the snout, ESD 
29.15% of BL. Medial vent tube without inner wall, 
short. Caudal musculature strongly developed, TMH 
87.2% of BH and 69% of MTH, TMW 56.2% of BW; 
its height 51% of total height at midlength of tail. Dorsal 
fin originates after first 1/4 of the tail, increases gradually 
to attain its maximum height at about midlength of tail, 
then decreases gradually towards the tail tip. Ventral fin 
originates at the ventral terminus of the body, increases 
very slowly towards the tail tip. Tail tip rounded, MTH 
126.5% of BH, lateral line visible on most of the tail. 
Oral disk of moderate size, ODW 44.9% of BL and 
79.7% of BW, positioned and directed ventrally, not 
emarginated. 
A double to triple row of marginal papillae interrupted 
by a large gap on the upper labium; total number 
of marginal and inframarginal papillae 115. 45 
inframarginal papillae positioned in the lateral parts of 
the anterior and posterior labium. Papillae of moderate 

size, round or conical with rounded tips. No denticulate 
papillae. LTRF 8(3-8)/3. The density of keratodonts on 
A1 is about 46 per millimetre (a total of ca. 500-600). 
The length of interrupted anterior keratodont rows (A3 
to A8) decreases gradually towards the centre of the OD, 
P3 of about same length as P2. Both jaw sheaths finely 
serrated. Anterior jaw sheath largely black, posterior 
jaw sheath mostly brownish, anterior jaw sheath 
semicircular-shaped; lower jaw sheath heart-shaped. 
Colouration in preservative. Dorsally: uniformly 
brownish. Laterally: body rather uniformly brownish; 
intestine visible as dark brown patch; intestinal 
coils not visible; caudal musculature uniformly light 
brown; ventral fin translucent with light brown shade; 
dorsal fin with large translucent areas and large dark 
markings. Ventrally: the whole surface of ventral body 
unpigmented, slightly translucent; intestinal coils visible 
through ventral skin.
Variation. Three additional tadpoles from same batch 
agree morphologically with the voucher specimen. For 
measurements, see Table 2.

Figure 4. Photographs of the preserved DNA voucher tadpoles before preservation, (a) Boophis majori (ZSM 554/2007) and (b) 
Boophis sp. aff. majori “long calls” (ZSM 1210/2007). Not to scale.
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Discussion 
The genus Boophis is currently the group of Malagasy 
frogs for which the highest proportion of larvae is 
known. Descriptions have been published by Blommers-
Schlösser (1979a); Glaw and Vences (1994); Andreone 
et al. (2002); Glos and Linsenmair (2005); Thomas et 
al. (2005), Altig and McDiarmid (2006); Grosjean et al. 
(2006); Thomas et al. (2006); Raharivololoniaina et al. 
(2006); and Glos, Teschke and Vences (2007). Several 
additional descriptions are currently in the process of 
publication by R. D. Randrianiaina and colleagues. Of 
the approximately 35 Boophis tadpoles known to us, 
only one (Boophis picturatus) shows mouthparts with 
reduced keratinized oral structures, and thus derived 
other than through specialization to fast-flowing water. 
The descriptions provided herein provide a further 
example for such a specialization (in Boophis majori), 
although less extremely expressed. The form of both the 
upper and lower jaw sheath in B. majori is not known 
from any other Boophis species, and this is also the 
only species known with a large gap in the first anterior 
row of labial teeth A1. Since this species is not basal 
in the genus (Vences et al., 2002), its specialized larval 
features clearly are phylogenetically derived. Too little 
is known on the behaviour and ecology of these tadpoles 
to understand the significance of the derived jaw sheaths 
in this species, but our observations indicate that their 
intestines may contain sand particles, although in a lower 
proportion than in the guts of Boophis picturatus. As a 
clearly speculative hypothesis, the oral morphology of 
B. majori may thus serve to a specialized feeding mode, 
by ingesting substrate particles directly. 
Blommers-Schlösser (1979b) described a tadpole from 

Mandraka in the Northern Central East of Madagascar 
under the name Boophis majori. Raharivololoniaina et al. 
(2006) already noted distinct similarities of this tadpole 
to that of Boophis marojezensis described by these 
authors, and hypothesized that the tadpole described 
by Blommers-Schlösser (1979b) in fact belonged to 
Boophis marojezensis (a species that was described 
only in 1994) as well. The identification of the Boophis 
majori tadpoles herein is based on a comparison of 
DNA sequences to well-identified adults of this species, 
and the tadpole we describe is very different from that 
of Blommers-Schlösser (1979b) which we thus confirm 
to be most likely belonging to B. marojezensis. 
It is highly relevant that Boophis sp. aff. majori “long 
calls” shows a larval oral morphology clearly different 
from B. majori. Molecular phylogenetic data (K. C. 
Wollenberg and M. Vences, unpublished data) indicate 
that these are closely related sister species, and they 
occur in sympatry in Ranomafana National Park. Both 
species are indistinguishable by morphology in their 
adult phase (Glaw and Vences, 2007). Their different 
larval morphologies, with the oral structures of B. sp. 
aff. majori “long calls” clearly being less derived, 
indicate an ecological segregation of these two species 
which may either be caused by character displacement 
after secondary contact of these very similar species, 
or by a specialization to different food regimes during 
sympatric or parapatric speciation. 
According to our unpublished molecular analyses, the 
lineage containing Boophis majori and B. sp. aff. majori 
“long calls” is phylogenetically close to B. picturatus, 
a species with highly derived larval morphology 
(Altig and McDiarmid, 2006). This indicates that this 

Figure 5. Drawings of the preserved DNA voucher tadpole of Boophis williamsi (DS 35; series ZSM 354/2008); (a) oral disk, (b) lateral 
view, (c) dorsal view. Not to scale.
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whole lineage, which also contains B. miniatus, B. 
feonnyala, and several further undescribed species, may 
be characterized by an evolutionary tendency towards 
specialized larval ecologies. 
Our data on the tadpole of Boophis williamsi largely 
confirm a previous description by Blommers-Schlösser 
(1979b). This species was found in fast-flowing cold 
mountain streams, at elevations above 2000 m asl. Its 
very large size has also been observed in other montane 
species from Madagascar, i.e., in Spinomantis elegans 
(see Thomas et al., 2005). Its broad mouth and large 
number of labial tooth rows clearly are adaptations to 
the fast current in these streams. In contrast, the rather 
low total number of oral papillae and the large dorsal 
gap in marginal papillae differ from what is found in 
other tadpoles adapted to fast currents, such as Boophis 
marojezensis (see Raharivololoniaina et al., 2006). 
The three tadpoles described here increase the known 
larval diversity in the genus Boophis, and underline the 
importance of a tadpole inventory in mantellid frogs to 
better understand evolutionary patterns in this fascinating 

radiation. In fact, larval morphology and ecology is 
yielding characters useful to reconstruct the phylogeny 
of these frogs. Considering the morphological similarity 
of adults in many mantellid groups, larval features may 
turn out in some cases to be key innovations in the 
evolutionary history of these frogs, and in some cases 
may even be important factors in the species formation 
process.
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Table 2. Measurements (in mm) of the DNA voucher specimen and three additional tadpoles of Boophis williamsi of the series 
ZSM 354/2008.

Species B. majori B. majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff. 

majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff.

majori 
B. sp. aff. 

majori 

Voucher 
ZSM 

554/2007 ZSM 953/2007 
ZSM 1210/ 

2007
ZSM 982/ 

2007
ZSM 993/ 

2007
ZSM 1111/ 

2007
ZSM 325/ 

2007
ZSM 024/ 

2007
ZSM 970/ 

2007
ZSM 1156/ 

2007

DS 26 26 25 40 25 25 25 27 25 25

BL 9.9 11.7 9,36 10.0 8.5 9.8 7.8 8.1 8.5 8.5

BH 5.6 4.8 5.59 5.6 4.6 4.6 3.4 3.9 4.3 3.3

BW 4.7 6.9 6.37 5.9 4.8 5.6 3.9 5.2 6.2 4.9

TL 13.3 29.9 13.99 21.5 19.5 19.2 16.9 19.8 18.2 19.0

TAL 23.1 18.2 5.33 11.7 11.1 9.5 9.1 11.7 9.8 9.8

TMH / 3.4 3.4 2.7 3.6 2.7 2.0 2.2 2.2 2.3

TMW 2.7 2.1 1.95 3.3 2.8 3.1 1.6 2.0 2.0 1.6

MTH 2.9 3.9 3.45 3.1 2.6 3.1 1.5 3.3 / 2.8

DF 1.4 0.7 0.1 / 0.26 0.2 0.2 0.4 / /

TMHM 2 2.3 2.7 2.3 2.34 2.4 2.3 1.8 1.2 /

VF 0.8 0.4 0,12 / 0.39 2.9 1.9 0.7 / /

ODW 1 1.6 1.62 1.2 0.91 1.2 1.2 1.2 0.9 0.7

ED 2.9 2,4 1.2 3.3 3.8 3.9 2.5 2.7 2.6 /

IOD 3.1 2.2 3.1 2 1.6 3.3 0.9 3.3 1.3 /

ESD 2 2.2 / 2.3 2.3 1.7 1.6 1.8 1.7 /

LTRF 4(1-4)/3(1) 4(1-4)/3(2-3) 4(2-3)/3(3) 3(2-3)/3(1) 4(2-4)/3(1) 4(2-4)/3(1) 4(1-4)/3(1) 4(1-4)/3(1) 4(2-4)/3(1-2) /

LTD 34/mm 35/mm 60/mm 68/mm 80/mm 60/mm 79/mm 70/mm / /

PN 33 51 / 64 60 53 61 57 98 /

LTN 69 95 112 78 107 / 85 90 90 /

IND 1.3 2.0 1.4 1.5 2.1 1.0 0.6 1.3 1.0 1.3

Heike Schmidt et al.
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