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Abstract.—Data on the morphology and microhabitat selection are important for understanding the ecological 

requirements and natural history of tadpoles.  We describe the external morphology and the oral apparatus of the 

tadpoles of Leptobrachium smithi (Matsui et al. 1999) that were collected from lotic water at the Rosekandy Tea Estate, 

Barak Valley, Assam, India.  We studied the morphology of tadpoles in stages 25 to 41, and examined the oral apparatus 

of tadpoles at stage 34 with scanning electron microscopy.  The curved and pointed labial teeth that lack cusps are 

arranged in one row per ridge.  The labial tooth row formula (LTRF) was 7(2–7)/6(1–5) at stage 34, and the marginal 

papillae had a dorsal medial gap. 
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INTRODUCTION 

 

The megophryid Leptobrachium smithi Matsui et al. 

(1999) was described from peninsular Thailand based on 

populations that were formerly referred to as L. hasseltii 

Tschudi 1838 (Frost 1985).  Variations in the size and 

shape of the oral apparatus, the papillae at the margins of 

the oral disc, the shapes of the jaw sheaths, and the 

number of tooth rows and gaps in rows of teeth are all 

important features in identifying tadpoles (Duellman and 

Trueb 1986).  Numerous morphological variations of 

tadpoles reflect adaptations to diverse habitats and their 

phylogeny (Duellman and Trueb1986; McDiarmid and 

Altig 1999).  The functions of the mouthparts, the 

morphology of the labial teeth, and the functional 

significance of structural differences among species are 

still poorly known (Wassersug and Yamashita 2001). 

Variation of labial teeth among species reflects their 

microhabitat and the feeding habits (Altig and Johnston 

1989).  Although descriptions of tadpole characteristics 

are useful in taxonomy, detail descriptions are lacking 

for a number of species.  Tadpole morphology and oral 

disc structure varies considerably both inter- and 

intraspecifically.  It is hypothesized that as an individual 

grows larger, the morphological changes in its feeding 

apparatus, including the number of teeth and gap size 

allow a wider selection of prey items (Toft 1980; 

Christian 1982). Data on the morphology and 

microhabitat selection of tadpoles are relevant to the 

understanding of the ecological requirements and natural 

history of frog species (Thomas et al. 2005).  Our paper 

describes the external morphology of Leptobrachium 

smithi tadpoles and gives a description of the oral 

apparatus examined using a scanning electron 

microscope. 

 

MATERIALS AND METHODS 

 

We collected tadpoles with a hand net from lotic water 

at the Rosekandy Tea Estate, Barak Valley, Assam, 

India.  We preserved tadpoles in 10% formalin and 

deposited them in the Museum of Herpetofauna at the 

Department of Ecology and Environmental Science, 

Assam University, Silchar, India.  We reared some 

tadpoles through metamorphosis in laboratory condition 

for  verification  of   their   identification   (Fig.  1).   We  
 

 
FIGURE 1.  Dorsal (upper), lateral (middle), and ventral (lower) views 
of a tadpole of Leptobrachium smithi at stage 34. (Photographed by 

Pammi Singh). 
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TABLE 1.  Morphometric measurements (mm) of tadpoles of Leptobrachium smithi in different developmental stages, (n = 8; mean ± SD;   range 

in parenthesis). Abbreviations are Char. = Character, TL = Total Length, BL = Body Length, BW = Body Width, IO = Inter-Orbital Distance, IN 
= Inter-Narial Distance, EN= Eye-Naris Distance, SO = Snout-Orbit Distance, SN = Snout-Naris Distance, SS = Snout-Spiracle Distance, TAL = 

Tail Length, TH = Tail Height, TMH = Tail Musculature Height, TMW = Tail Musculature Width, and UF = Maximum Height Of Upper Tail 

Fin. 
 

 
 

Char. Stage 25 Stage 26 Stage 29 Stage 30 Stage 31 Stage 34 Stage 35 Stage 37 Stage 41 

TL 37.08 ± 7.18 

(22.3–49.1) 

43.62 ± 5.37 

(36.4–51.1) 

53.2 ± 2.86 

(50.2–56.8) 

47.4 ± 6.2 

(39–55.2) 

55.8 ± 6.01 

(50.3–66.5) 

62 ± 4.47 

(55.8–67.2) 

56.2 ± 7.76 

(52–70.1) 

55.2 ± 7.29 

(50.7–68) 

69 ± 2.35 

(67–72.3) 

BL 16 ± 3.59 

(8.1–21.2) 

18.5 ± 2.27 

(15.2–21) 

23.2 ± 1.64 

(21.3–25.1) 

22.2 ± 2.68 

(21.4–26.3) 

23.5 ± 2.17 

(21.5–26.2) 

25.4 ± 4.45 

(20.7–30.3) 

22.2 ± 3.49 

(20.1–28.2) 

22.2 ± 3.49 

(23.2–28.3) 

24.6 ± 1.95 

(25.1–29.5) 

BW 8.83 ± 3.59 
(5.2–16) 

12 ± 3.21 
(8.3–17.1) 

16 ± 3.8 
(12–21.4) 

14.6 ± 5.94 
(8.6–22) 

16 ± 3.74 
(11.2–22.1) 

14.8 ± 4.82 
(10.1–20.6) 

13 ± 3.32 
(10.3–18.7) 

12.8 ± 2.39 
(11.3–17.4) 

17 ± 1.41 
(16.1–19.3) 

I-O 5.05 ± 0.6 

(4.1–6) 

5.37 ± 0.74 

(4.1–6.6) 

6.8 ± 0.45 

(6.3–7.1) 

6.6 ± 1.52 

(5.1–8) 

7.5 ± 0.55 

(7.2–8) 

8.6 ± 1.34 

(7.3–10) 

8 ± 1.22 

(7–10.3) 

7.8 ± 0.45 

(7–8.1) 

10.02 ± 0.11 

(9.9–10.2) 

I-N 2.58 ± 0.9 

(2–4.1) 

3.12 ± 0.83 

(2–4) 

3.8 ± 0.44 

(3.1–4) 

3.2 ± 0.45 

(3–4.2) 

3.67 ± 0.52 

(3.1–4) 

3.8 ± 0.45 

(3–4) 

3.4 ± 0.89 

(3–5.1) 

4 ± 0.71 

(3.3–5) 

4.8 ± 0.45 

(4.1–5.2) 

E-N 2.08 ± 0.9 

(1–3.2) 

2.12 ± 0.83 

(1–3) 

1.94 ± 0.08 

(1.8–2) 

1.6 ± 0.55 

(1.2–2.2) 

1.33 ± 0.52 

(1.1–2.2) 

1.2 ± 0.45 

(1–2.4) 

2.2 ± 1.3 

(1–4) 

2.2 ± 0.45 

(2.4–3.5) 

2.2 ± 0.44 

(2.6–3.8) 

S-O 3.75 ± 1.14 
(2.2–5) 

4.75 ± 0.46 
(4.1–5.3) 

4.2 ± 0.45 
(4–5.2) 

4.6 ± 0.55 
(4.2–5.3) 

4.5 ± 0.55 
(4–5.3) 

4.98 ± 0.34 
(4.4–5.5) 

5 ± 0.71 
(4.2–6.1) 

5.2 ± 0.84 
(4.5–6.7) 

5.4 ± 0.55 
(5–6.2) 

S-N 1.66 ± 0.49 

(1–2) 

2.62 ± 0.52 

(2.2–3) 

2.2 ± 0.44 

(2–3.5) 

3 ± 0.71 

(2.1–4.2) 

3.16 ± 0.75 

(2.2–4.2) 

3.8 ± 0.45 

(3–4.3) 

2 ± 1 

(2.1–4) 

3 ± 0.71 

(2.3–4.4) 

3.2 ± 0.44 

(3.2–4.4) 

S-S 8.67 ± 2.15 

(6–12.3) 

10.62 ± 2.07 

(8–13.3) 

12.6 ± 0.55 

(12.2–13) 

11.6 ± 0.61 

(11–12.4) 

12.5 ± 0.84 

(11.2–13) 

12 ± 1.22 

(10.2–13.1) 

10.6 ± 1.95 

(9.1–14.2) 

10.8 ± 0.84 

(10.3–12.) 

13.4 ± 0.55 

(13.1–14) 

TAL 21.08 ± 4.19 

(14.1–28.2) 

25.12 ± 3.48 

(21.1–30) 

29.2 ± 3.27 

(26.2–34) 

26.8 ± 4.49 

(19.5–30) 

32.3 ± 4.5 

(28.4–40) 

35.6 ± 4.88 

(30.3–41) 

34 ± 4.69 

(30.2–42) 

30.6 ± 7.6 

(26.5–44) 

42 ± 1.22 

(41.6–44) 

TH 6.5 ± 1.83 

(4–9.1) 

8.62 ± 1.06 

(7–10.1) 

7.6 ± 0.55 

(7.2–8.2) 

8.8 ± 1.1 

(8.1–10.3) 

9 ± 2 

(7.3–12.2) 

12 ± 1.22 

(10–13.3) 

11 ± 1.73 

(10.1–14.1) 

11.6 ± 2.07 

(10.2–15.4) 

13.4 ± 0.55 

(13.3–14.6) 

TM
H 

4.33 ± 1.37 
     (3.5–7) 

5.25 ± 0.89 
(4–6) 

5.6 ± 0.55 
(5.3–6.4) 

5 ± 1 
(4–6) 

6.67 ± 1.51 
(5.3–8.1) 

7.6 ± 0.55 
(7.2–8.1) 

7.6 ± 0.55 
(7.3–8.4) 

7 ± 0.71 
(6.2–8.6) 

8.4 ± 0.55 
(8.1–9.3) 

TM

W 

2.41 ± 0.67 

(2.3–4) 

3.75 ± 0.46 

(3.1–4.2) 

5.8 ± 1.3 

(5.3–8.1) 

4.2 ± 0.45 

(4.5–5.7) 

5.17 ± 0.75 

(4.2–6.3) 

5.8 ± 0.84 

(5.1–7.3) 

5.8 ± 0.45 

(5.3–6.5) 

5.4 ± 0.89 

(4.2–6.3) 

8.2 ± 0.45 

(8.2–9.7) 

UF 1.75 ± 0.87 

(1.2–2.3) 

3.25 ± 0.46 

(3.2–4.1) 

3.6 ± 0.55 

(3–4) 

3.4 ± 0.55 

(3.3–4.1) 

3.5 ± 0.55 

(3.2–4.5) 

4.2 ± 0.84 

(3–5.1) 

3.6 ± 0.55 

(3.2–4.1) 

4.2 ± 0.45 

(4.1–5.3) 

3.8 ± 0.45 

(3.2–4.3) 

housed tadpoles in aquaria in pond water and fed them 

with commercially available fish food.  We determined 

the stages of tadpoles according to Gosner (1960), and 

we used those identified in nine developmental stages 

(between 25–41) in a morphometric study. 

We measured total length (TL), body length (BL), 

body width (BW), interorbital distance (IO), internarial 

distance (IN), eye-naris distance (EN), snout-orbit 

distance (SO), snout-naris distance (SN), snout-spiracle 

distance (SS), tail length (TAL), tail height (TH), tail 

musculature height (TMH), tail musculature width 

(TMW) and maximum height of upper tail fin (UF) in 

eight tadpoles from each stage with vernier calipers 

(mean ± SD) in accordance with McDiarmid and Altig 

(1999).  We studied the oral structure of the tadpole at 

stage 34 with a light microscopy (Olympus SZ51-

Olympus Corporation, Tokyo, Japan) and a scanning 

electron microscope.  For scanning electron microscopy, 

we washed samples with double distilled water and fixed 

them in 2.5% glutaraldehyde (prepared in 0.1 M sodium 

cacodylate buffer) for 4 h at a pH of 7.4.  We then 

dehydrated the samples through an acetone series and 

dried them in tetra methylsilane (Dey et al. 1989).  We 

applied a thin coating of gold to the samples with a Jeol 

JFC 1100 ion sputter coater, and examined the samples 

with a Jeol JSM-6360 scanning electron microscope at 

an accelerating voltage of 20 KV and a working distance 

of 10 mm.  Our descriptions of the oral apparatus and 

labial tooth row formula (LTRF) are in accordance with 

Altig (1970). 

 

RESULTS 

 

The external morphology of the tadpoles was based on 

Gosner stage 34 (Fig. 1).  In dorsal view, the body of the 

tadpoles was oval and the head was depressed (Fig. 1). 

The mouth was ventral in position.  The mean TL was 

62.0 mm, mean BL was 25.4 mm, and mean TAL was 

35.6 mm.  The nares were oval in shape, slightly 

rimmed, positioned dorsally, directed laterally and closer 

to the tip of the snout then to the eyes.  The mean IO (8.6 

mm) was greater than the mean IN (3.8 mm; Table 1).   
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FIGURE 2.  Light microscopy and scanning electron micrographs of the oral disc of Leptobrachium smithi tadpoles (stage 34).  A: Light 
microscopy of oral structure (Photographed by Pammi Singh).  B: Oral structure showing anterior labium (AL), posterior labium (PL), dorsal 

gap in marginal papillae (G), upper jaw sheath (UJS), lower jaw sheath (LJS), mouth (M), and marginal teeth (MT).  C: Oral structure showing 

anterior tooth rows A1 to A7.  D: Oral structure showing the posterior tooth rows P1 to  P6.  (B, C, and D Photographed by Sophisticated 
Analytical Instrument Facility Unit, North-Eastern Hill University SAIF, NEHU). 

 
 

The tube of the sinistral spiracle was attached to body 

wall, but the tip of the spiracle was free, and the 

spiracular opening was oval and projected 

posterolaterally (Fig. 1).  The dextral vent tube opens at 

the margin of the ventral fin, and the intestinal coils were 

clearly visible.  The low dorsal fin was taller than the 

ventral fin, originated near the tail-body junction, and 

extended parallel to the caudal muscle in its first half 

(Fig. 1).  The tail musculature was robust in its proximal 

half and tapered gradually in its distal half.  The tip of 

the tail was moderately rounded.  The color of living 

tadpoles was uniformly dark brown, and the tail 

musculature was light brown.  Small and irregular black 

spots were present on the dorsal and lateral surface of 

the body and tail (Fig.1). 

The upper labium had one continuous tooth row and 

six rows with medial gaps (Fig. 2C), and the lower 

labium had five rows with medial gaps and one 

continuous tooth row (Fig. 2D).  All tooth rows were 

uniserial.  The labial teeth were curved, pointed, and 

devoid of cusps (Fig. 3A).  The marginal papillae had a 

dorsal gap, and the submarginal papillae were absent.  

The tips of the marginal papillae were rounded. The 

upper jaw sheath formed a smooth arc, the lower jaw 

sheath was V-shaped, and both sheaths had pointed 

serrations (Fig. 3C and 3D).  The labial tooth row 

formula at stage 34 was 7(2–7)/6(1–5). 
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FIGURE 3.  Scanning electron micrographs of the oral disc of Leptobrachium smithi tadpoles (stage 34).  A: Labial teeth.  B: Marginal papillae 

(MP). C: Upper jaw sheath.  D: Lower jaw sheath. (Photographed by Sophisticated Analytical Instrument Facility Unit, North-Eastern Hill 

University SAIF, NEHU). 

 

 
DISCUSSION 

 

To understand the significance of  larval characters in 

taxonomy and systematic, it is necessary to find out the 

developmental stage at which characters reach their 

maximum size, form, and color (Grosjean 2005).  A 

number of studies have focused on variations of tadpole 

characters during development (Dutta and Mohanty-

Hejmadi 1984; Tubbs et al. 1993; Hall et al. 1997).  

Ontogenetic variation has important implications for the 

use of tadpole characters in taxonomy.  The tooth row 

formula is one of the major characters for identification, 

although more than one tooth row formula has been 

reported for some species (Inthara et al. 2005).  Matsui 

et al. (1999) reported the LTRF as 5(2-5)/5(1-5) to7(2-

7)/6(1-5) and 7(2-7)/6(1-5) in large larvae of 

Leptobrachium smithi from Thailand.  In our study, the 

LTRF of Leptobrachium smithi tadpoles at stage 34 is 

7(2–7)/6(1–5), which is similar to the findings of Matsui 

et al. (1999).  Berry (1972), Inger (1983), and Matsui et 

al. (1999) reported that the body of tadpoles of 

Leptobrachium species is deep and ovoid, eyes are 

dorsal in position, spiracle is sinistral, vent tube is 

dextral, mouth is ventral in position, and irregular black 

spots are present on the body.  We found similar 

arrangements of mouthparts and other morphological 

characters in the present study.  Very little information is 

available for comparison among the different species of 
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Leptobrachium; however, Yang et al. (1983) report the 

labial tooth row formula for Leptobrachium ailaonicum 

of 6(2-6)/5(1-4) with variations for the lower labium 

including 4+3 or 3+3.  However, in this study the labial 

tooth row formula of L. smithi stage 34 tadpoles was 

7(2–7)/6(1–5). 

Larvae adaped for life in streams are often depressed 

and elongate, with a robust tail musculature, ventral 

mouth, and long tooth rows (Orton 1953; Altig and 

Johnston 1989).  The morphological variations in 

megophryid tadpoles demonstrate a progressive 

adaptation to changing habitat from fast to slow moving 

water.  In fast moving water, the typical oral apparatus 

with multiple tooth rows are correlated with lotic-

suctorial, benthic feeders that have an anteroventral oral 

apparatus and large body (Li et al. 2011).  Our findings 

contribute to the knowledge used in making interspecies 

comparisons among anuran tadpoles, which is useful for 

phylogenetic and comparative morphological analysis.  

Our data will also be useful for subsequent studies on 

selection of food and feeding behavior of tadpoles of 

different developmental stages. 
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