Advertisement call and tadpole morphology of
the clutch-guarding frog Mantidactylus argenteus
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We provide the first descriptions of the tadpole and advertisement call of Mantidactylus
argenteus. Calls consist of 6-15 short and rather melodious notes, with a dominant frequency
at 4100-4400 Hz and are emitted from arboreal positions during the day. The larva is a typical
type IV tadpole, with oval body shape and dorsally positioned eyes. The oral disc is bordered
with papillae, the labial tooth row formula is 2(2)/3(1-3), the upper jaw sheath is strongly
curved and M-shaped, and the lower jaw is strongly curved in the middle and V-shaped.
Specimens from different series present little variation of this general morphology, except
some specimens with a labial tooth row formula of 2(2)/2(1-2) but the same general and oral
disc morphology. Based on larval features, the position of M. argenteus within the subgenus
Blommersia cannot be confirmed since only few characters are shared with other known

tadpoles of this subgenus.
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INTRODUCTION

Anuran larvae differ greatly from their adult form
in morphology, ecology and habits (Altig &
McDiarmid 1999) and this has been hypothesized
to be one of the factors why frogs are such a
successful group of organisms (Duellman & Trueb
1986). Therefore, studies on tadpole ecology and
morphology have as much importance as those of
adult frogs, but are usually hindered by the lack of
reliable diagnoses and descriptions of the larvae.

Malagasy frogs show a wide variety of morpho-
logical adaptations which are especially apparent
in the genus Mantidactylus (Blommers-Schlosser
1975, 1979; Glaw & Vences 1994; Lehtinen 2003,
2004). Mantidactylus argenteus is a species described
more than 80 years ago (Methuen 1920), but very
little is known about its biology and phylogenetic
relationships. It has been tentatively included in
the subgenus Blommersia (Dubois 1992), but shows
little resemblance to other species in this subgenus.
Natural history information on M. argenteus is
scarce; Glaw & Vences (1994) reported parental
care in this species, males guarding the egg
clutches that are deposited on leaves hanging
above rainforest streams. Such a behaviour is not
found in other Blommersia species. Recently
hatched tadpoles had a light greenish colouration
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and body lengths of 3-4 mm (Glaw & Vences
1994). We here complement these data by describ-
ing the advertisement call and tadpole morphol-
ogy of M. argenteus, and discuss the relevance of
these data to assessits phylogenetic relationships.

MATERIALS & METHODS
Specimens were collected in the field by opportu-
nistic searching and by localizing calling males.
Calls were recorded using a portable Tensai tape
recorder with external microphone (Vivanco). They
were analysed with a MEDAV sound analysing
system using the software Spektro 3.2. Temporal
and metric measurements are given as range,
with mean * standard deviation and number of
measured units in parentheses.

Tadpoles were euthanased by immersion in
chlorobutanol solution, and immediately sorted
into homogeneous series based on morphological
characters. From each series one specimen was
selected and a tissue sample from its tail muscula-
ture or fin taken and preserved in 99% ethanol.
This specimen is here named ‘DNA voucher’. After
tissue collection, all specimens were preserved in
5% formalin. Specimens were deposited in the
Zoologische Staatssammlung Munich (ZSM).

Tadpole identification followed a DNA barcoding
approach based on a fragment of the mitochon-

African Zoology 41(1): 00-00 (April 20086)



2 African Zoology Vol. 41, No. 1, April 2006

drial 16S rRNA gene, which is known to be suffi-
ciently variable for species identification among
Malagasy frogs (Thomas et al. 2005). The 550 bp
fragment was amplified using standard protocols
and primers 165a-L and 16Sb-H from Palumbi et al.
(1991), resolved on an automated sequencer, and
compared to a near-complete database of 16S
sequences of adult Malagasy frog species. DNA
sequences were deposited in Genbank (accession
numbers DQ054489-DQ054491).

Drawings and descriptions of the tadpoles in
this paper are based only on the DNA vouchers.
All specimens of each series were examined to
assess morphological variability, and the struc-
tures missing for the tissue sampling in the DNA
vouchers were completed in the drawing based on
the other specimens of the series. Developmental
stages are based on Gosner (1960). The measure-
ments taken using a stereomicroscope with
measuring device, and subsequently converted
into millimetres are: BL = body length (from the
tip of the snout to the junction of the posterior
body wall with the axis of the tail myotomes);
BW = body width (the widest point of the ‘head’
right behind the eyes); ED = eye diameter; IOD =
interorbital distance (from the centre of each
pupil); TH = tail height (at the beginning of
the tail); TMW = caudal muscle width (at the
beginning of the tail); MTH = median tail height
(including caudal fin); TMH = tail muscle height
(at mid-tail); TAL = tail length; ODW = maximum
oral disc width; DGMP = dorsal gap of the
marginal papillae. The labial tooth row formula
(LTRF) is presented in two ways: after Dubois
(1995) and after Altig & McDiarmid (1999); the
morphological description, in general, follows
Altig & McDiarmid (1999). Mouth part features
examined include: MP = number of marginal and
SMP = sub marginal papillae; LMP = length of the
marginal papillae; UTR = upper labial tooth row
(1 is the most external); LTR = lower labial tooth
row (1is the mostinternal); NT = number of teeth;
LLTR = length of the labial tooth row.

RESULTS
Calling males of M. argenteus were observed at
An’Ala forest (Central Eastern Madagascar; 18°56'S,
48°28'E, altitude about 840 m), in December 1994
and February 1995, during the day in the vegeta-
tion along streams, usually at perch heights of
1.5-3 m (sometimes as low as 0.5 m). They were
sitting on leaves or branches, at most a few metres
from the water. The single subgular vocal sac was

only slightly extended during the calls, and did
not remain partly inflated between calls as some-
times occurs in other frog species. Advertisement
calls were recorded at An’Ala on 20 December 1994
at an air temperature of 23°C, and on 11 February
1995 at 25°C. Calls from various males, sitting close
to each other, could not unequivocally be assigned
to each particular individual on the recording,
largely because of the secretive and diurnal calling
behaviour of these frogs which could only be seen
while emitting their calls on few occasions. Calls
therefore had to be pooled for analysis, but no
major temporal or spectral differences were noted
between those putatively from different individu-
als, nor between calls recorded at the two slightly
different temperatures. Calls consist of 6-15 short
and rather melodious notes (n =6) and call dura-
tion can be up to 3210 ms (Fig. 1). Note duration
was 1542 ms (25 = 9 ms, n =16), duration of
inter-note intervals was 155-249 ms (195 *+ 33 ms,
n =12). Each note corresponded to one expiration.
Two frequency bands were recognizable at
1900-2600 Hz and 3900-5500 Hz. The dominant
frequency was at 4100-4400 Hz. The interval
between the last and the second last note of a call
can be much prolonged, and the last notes of a call
can be of reduced intensity. When transporting
several (3—4) male specimens in a collecting bag we
heard a second note type of longer duration. The
single recorded note of this type had the same
frequencies as described above, but a clearly
longer duration of 348 ms.

In two series of tadpoles, the DNA vouchers had
16S sequences identical to those of an adult of
Mantidactylus argenteus from Mantadia National
Park (ZSM 47/2002; Genbank accession number
DQ054489), and strongly divergent from all other
c. 700 sequences of mantellid species included in
our database: ZSM 464/2004 (original field number
FG/MV 2003.2009; DQO054491), a series of three
specimens and ZSM 665-666/2004 (original field
number FG/MV 2003.1993; DQ054490), a series of
10 specimens, all from An’Ala forest, collected on 1
March 2003 by M. Thomas, E Glaw and M. Puente.
This second series was subdivided and currently
bears two separate ZSM numbers, ZSM 665/2004
and 666/2004. The DNA voucher specimen of this
series is included in the sub-series ZSM 665/2004,
and the following description is based on this
DNA voucher specimen, a tadpole in stage 25. For
morphometric data see Tables 1 and 2. Colour in
preservative is brown with irregular spots on the
body. The intestinal wallis also pigmented and the
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Fig. 1. Sonagram and oscillogram of a call of Mantidactylus argenteus, recorded at An’Ala, at an air temperature of

23°C.

intestinal spiral visible. Ventral part of the body
without pigmentation. Proximal part of the tail
with a continuous colourless dorsal stripe; sides of
the tail strongly pigmented dorsally, and reducing
in intensity towards the ventral part. Terminal
portion of tail and caudal fin missing because of
tissue sampling. Tadpole type IV (Orton 1953).
Body shape oval. Snout in dorsal view gently
pointed. Eyes medium-sized (about 0.08 of body
length), dorsally positioned (Fig. 2a,b). Spiracle
sinistral. Oral disc with two soft ventral emar-
ginations (Fig. 2c, e); dorsal gap of the marginal
papillae 0.88 mm; dorsal border of the oral disc
almost at the front of the snout, and UTR; almost at
this border (Fig. 2c). Oral disc bordered by 31
marginal papillae, the lateral ones being slightly
shorter (0.075 mm) and more pointed than the
more rounded ventral ones (0.12 mm); 1-2
submarginal papillae in each side of the upper lip,
and 2-3 in the lower; two rows of submarginal
papillae right below the LTRx (see Fig. 2d for
close-up) and LTR3; with 5-6 and 2-3 papillae,
respectively. LTRF 1:1+1/3+3 (Dubois 1995) or
2(2)/3(1-3) (Altig & McDiarmid 1999); upper tooth
rows with more teeth per millimetre (35-40) than
the lower ones (30-34). UTR; is separated by the
upper jaw sheath (Fig. 2c). Gap in LTR; and LTR3

about three times larger than the one in LRT:
(Fig. 2c). Jaw sheaths distinct, without any pig-
mentation and softly serrated edges (c. 80 in each
jaw). Sheath of upper jaw strongly curved, M-
shaped, and lower jaw strongly curved in the

Table 1. Morphometric data (in mm) of the two DNA
voucher specimens of Mantidactylus argenteus. Some
measurements on the tail could not be taken because of
damage through tissue sampling.

ZSM 665/2004 ZSM 464/2004

Stage: 25 28

BL 714 12.34
BW 4.00 5.78
obw 1.38 2.05
DGMP 0.88 1.28
IOD 1.94 3.13
ED 0.63 1.09
TH 2.25 3.75
TMW 1.88 3.28
TMH - 4.69
TAL - 22.66
MP 0.1 0.08
UTR; 0.95 1.08
UTR: 0.10 0.30
LTR; 0.25 0.33
LTR. 0.38 0.50
LTRs 0.13 0.08
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Table 2. Number of marginal and submarginal papillae
(MP, SMP) and number of labial teeth per row of two DNA
voucher specimens of Mantidactylus argenteus.

ZSM 665/2004 ZSM 464/2004

MP 31 29
SMP 23 21
UTR; 34 42
UTR: 4 8
LTR; 8 10
LTR, 13 23
LTRs 4 3
LTRF 1:1+1/3+3* 1:1+1/3+3*

2(2)/3(1-3)" 2(2)/3(1-3)"

*Dubois (1995). *Altig & McDiarmid (1999)

middle, V-shaped.

The series ZSM 666/2004 contains nine additional
tadpoles in stage 25 except one in stage 26 and
one in stage 24. Number of marginal papillae is
variable (21-35). The submarginal papillae have
the same arrangement as those of the DNA
voucher and vary in number: 4-7 in the upper part
and 6-13 below the lower tooth rows. LTRF is
1:1+1/3+3, except in two tadpoles with LTRF
1:1+1/2+2, and except the one in stage 24 where
the oral disc is not completely developed yet and
has only the upper tooth rows; this tadpole also
differs by a much lighter colouration but has the
same pattern. All other tadpoles agree in general
and oral morphology with the DNA voucher. The
series ZSM 464/2004 contains three tadpoles in
stages 25, 26 and 28, the last-mentioned being the
DNA voucher. LTRFis 1:1+1/3+3 except the onein
stage 25 that has a single, central and short (four
labial teeth) LTR;. Marginal papillae 26-31;
submarginal papillae have a similar arrangement
in the oral disc, but the DNA voucher has only 15
such papillae below the lower tooth rows, while
the other two specimens have 22 and 23. The three
specimens of this series are very similar to each
other in oral and general morphology.

DISCUSSION
Mantidactylus argenteus is a very unusual species
among Malagasy frogs, and among frogs in
general, in that it calls during the day while
perched in bushes and trees. Among Mantidac-
tylus, diurnal calling behaviour is regularly
observed in stream-dwelling frogs of the subgen-
era Brygoomantis and Chonomantis (Blommers-
Schlosser 1979; Glaw & Vences 1994), but these
frogs call from hidden positions on the ground or

at the water edge. The equally diurnal species of
the Mantidactylus boulengeri group in the subgenus
Gephyromantis call often from positions on the
forest floor during the day, although at night they
usually call from elevated perches as well. Species
of the subgenus Blommersia often call during the
day as well, but then usually from low and hidden
positions. Nocturnal and arboreal calling behav-
iour is observed, among others, in Mantidactylus
species of the subgenera Guibemantis, Spinomantis
and Phylacomantis, which often have large and con-
spicuous vocal sacs that can remain partly inflated
during the intervals between calls (Glaw & Vences
1994). Possibly, arboreal and diurnal calling
behaviour confers a high risk of predation by
optically oriented predators like birds and is there-
fore uncommon among frogs. The unconspicuous
vocal sac of Mantidactylus argenteus and its cryptic
green dorsal colour may have been advantageous
to colonize the diurnal-arboreal bioacoustic niche
in Malagasy rainforests.

With respect to tadpole morphology, the DNA
voucher specimens from the two series are alike in
all respects. The main variation is in the density of
labial teeth; UTR> and LTR; of the specimen
ZSM 665/2004 have 40 and 32 labial teeth per mm,
respectively, while specimen ZSM 464/2004 has 26
and 30 labial teeth per millimetre; the number of
labial teeth in the other tooth rows is similar in the
two specimens. The colouration of the specimen
ZSM 665/2004 is slightly lighter than the other, but
has the same general pattern.

In conclusion, there is high homogeneity, not
only between the two DNA voucher specimens,
but also in the individuals within and among the
series of Mantidactylus argenteus, indicating that
the larval morphology described here is represen-
tative for the species. Tadpoles from other Blom-
mersia species are not known except for M. wittei
and M. blommersae (Blommers-Schlosser 1979); the
described larvae measured 7-10 mm, respectively,
24-28 mm in total length, and had a variable labial
tooth row formula of either 1:4+4/3 or 1:5+5/3.
Therefore, especially their oral morphology is
strikingly different from that of M. sargenteus. The
reduced number of labial teeth of M. argenteus tad-
poles, in combination with the unpigmented jaw
sheaths, are unique among Mantidactylus as far as
known (Blommers-Schlgsser 1979; Glaw & Vences
1994), but reminiscent of larvae of the subgenus
Ochthomantis where labial teeth are completely
lacking in Mantidactylus femoralis (Blommers-
Schlosser 1979). Vences & De la Riva (in press) have
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Fig. 2. Drawings of the preserved DNA voucher tadpole of Mantidactylus argenteus from series ZSM 665/2004, and
SEM pictures of a specimen originating from the same series. a, Dorsal view; b, lateral view; ¢, oral disc. The SEM
micrographs show (d) the labial teeth in LTR1 and LTR2, and (e) the complete oral disc. Scale bars = 100 pm.

recently observed deposition of egg clutches on
leaves hanging above forest streams, and male
guarding of egg clutches, in Mantidactylus
(Ochthomantis) majori. This seems to indicate simi-
lar natural histories of Mantidactylus argenteus and
species of the subgenus Ochthomantis, and indeed
these relationships are confirmed by molecular
markers (Glaw & Vences, in press). The tadpole
morphology of M. argenteus as described here
provides a further indication of its isolated phylo-
genetic position and possible relationships to
Ochthomantis.
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