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Abstract: We describe the tadpoles of Humerana miopus (Boulenger, 1918) from
Thailand (Krabi province). The collection site lies approximately 144 km west of the
type locality of this species (Khao Wang Hip, Surat Thani province). The buccal features
are described for the first time from photographs produced by scanning electron
microscopy. Tadpoles are compared to the previous description based on specimens
from Johor, peninsular Malaysia. The buccal features are also compared to those of its
nearest known relative, H. humeralis from Assam. The tadpoles of H. miopus may be
distinguished by their medium size (TL 38.50 mm; BL 15.33 mm), rounded body,
distinct diagonal stripes on dorsum, upper labium with marginal papillae divided by a
large middle gap, lower labium with three rows of papillae, with elongated marginal
papillae; keratodont row formula 1:1+1/1+1:2.

Keywords: Humerana miopus, morphology, buccal anatomy, tadpole, Thailand

INTRODUCTION

Humerana miopus (family Ranidae: Figure 1) was originally described as Rana miopus
by Boulenger in 1918 [1]. The description was based on an adult female specimen collected
from “Siam (Khao Wang Hip and Nakhon Sitammarat)”. The type locality “Khao Wang Hip”
is presently located in the province of Nakhon Si Thammarat in southern Thailand. The
holotype of this species (BMNH, by original designation) was collected in 1887 by Smith [2]
and primarily identified as Rana humeralis Boulenger, 1887 (type locality: Bhamo, Teinzo,
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northern Myanmar; presently Humerana humeralis). This species is known from north-eastern
India, south-eastern Nepal, and eastern Bangladesh through northern Myanmar [3]. After some
dramatic debate about the classification of the genus Rana [e.g. 1, 4-8], Rana miopus was
placed in the genus Humerana, which contains three species [3]: Humerana humeralis
(Boulenger, 1887), Humerana miopus (Boulenger, 1918) and Humerana oatesii (Boulenger,
1892).

Figure 1. Live adult Humerana miopus from Baan Thung Sung Community Forest (Khao Yai
subdistrict, Ao Luek district, Krabi province). Photograph: Y. Chuaynkern (23 August 2006)

Humerana miopus is known as Khao Wang [9] or three-striped frog [10]. The species
is currently known from southern Thailand and peninsular Malaysia [3, 11], at elevations below
300 masl [12—14] in habitat of ditches or forest pools of rainforest [11]. In Thailand the species
is reported from six provinces [12, 15-19]: Krabi, Nakhon Si Thammarat, Narathiwat,
Phangnga, Songkhla and Yala. The International Union for Conservation of Nature Red List
of Threatened Species lists it as a species of ‘Least Concern’ due to its relatively wide
distribution, tolerance of a degree of habitat modification, and presumed large population [11].
In addition to the above information on the taxonomy, distribution and conservation status of
H. miopus, morphological data have been gathered based on tadpole specimens from Johor in
southern peninsular Malaysia [20]. These data include a description of H. miopus tadpoles,
illustration of their mouthparts and photographs of preserved specimens, but the buccal
anatomy was not studied in detail. In addition, H. miopus tadpole is not consumed as food by
local people. A more complete description of tadpole morphology is necessary to further our
understanding of this species’ identity, biology, ecology and evolution. Although the
information on the morphology of amphibian tadpoles has rapidly increased, this area is far
from being fully explored and much information remains to be gathered [21-22]. Therefore,
the present work aims to provide the first description of the buccal anatomy of H. miopus via
scanning microscopy, and to compare tadpoles of this species collected in Thailand with
previously described specimens from Malaysia.
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Figure 2. Habitat of Humerana miopus tadpoles. Photography: Y. Chuaynkern (23 August
20006)

MATERIALS AND METHODS

Field Survey and Specimens

Thirty-eight Humerana miopus tadpoles were collected from Baan Tung Sung
Community Forest (Figure 2), Khao Yai subdistrict, Ao Luek district, Krabi province. Tadpoles
were collected during the day using a dip net and euthanised with a small amount of 70%
ethanol. Specimens were preserved in a 1:1 mix of 10% formalin and 70% ethanol solutions
[23]. All preserved specimens were deposited in Khon Kaen University Vertebrate Collection,
Khon Kaen University (Khon Kaen province, north-eastern Thailand).

Morphological Study

The developmental stages of the specimens were determined according to the guidelines
proposed by Gosner [24]. Morphological terminology follows Altig and McDiarmid [25], and
we used the keratodont row formula (KRF) of Dubois [26]. We measured 22 morphological
characteristics (Table 1) using a digital caliper. Structures smaller than 1 mm were measured
using a stereo microscope with a reticle. Abbreviations for morphological characteristics follow
Altig and McDiarmid [25], Altig [27], Grosjean [28] and Wassersug [29]. These abbreviations
include AL (anterior labium), BH (maximum body height), BL (body length), BW (maximum
body width); ED (maximum eye diameter); IND (internarial distance), IOD (interorbital
distance), LF (maximum height of lower tail fin), MTH (maximum tail height), ND (narial
diameter), NP (naro-pupillar distance), ODW (oral disk width), PL (posterior labium), RN
(rostro-narial distance), SD (spiracle diameter), SS (distance from tip of snout to opening of
spiracle), SU (distance from tip of snout to insertion of upper tail fin), TAL (tail length), TL
(total length), TMH (tail muscle height), TMW (tail muscle width) and UF (maximum height
of upper tail fin). Tadpoles were identified by morphological comparison with the description
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of H. miopus tadpoles made by Leong and Lim [20]. Drawings were made with a camera lucida
(Olympus SZX-DA, Olympus Co., Japan) attached to a stereo microscope (Olympus SZ9,
model SZX-ILLK200, Olympus Co., Japan).

Scanning Electron Microscopy (SEM)

The mouthparts of tadpoles selected for SEM were cut into two pieces (roof and floor)
using surgical scissors. Both pieces were wrapped with white cloth and dehydrated in a series
of ethanol solutions (70%, 90%, 100%). Then the materials were soaked in a solution of 1:1
absolute ethanol and amyl acetate for 20 min., followed by a 20-min. soak in amyl acetate.
Then they were dried with a critical point drier (Quorum K850, Quorum Technologies, UK)
before being attached to an SEM stub and coated with heavy metals for SEM photography
(with a DMS 950 scanning electron microscopy [Zeiss, Oberkochen, Germany] at 10 kV). The
resulting images were modified with Adobe Photoshop® CS4 to enhance their usefulness for
the study of tadpole buccal anatomy.

Table 1. Measurements (in mm) of Humerana miopus tadpoles (mean + SD)

Morphological Gosner’s stage (number of tadpole specimens)
5™ Stage 25 Stage 26 Stage 27 Stage 28 Stage 29
characteristic =4 m=3) m-=3) m=10) m=11)
SS 495+0.10 5.00=+0.61 633+126 6.66+ 122 745 £ 093
SU 528 +0.16 5.55+000 7.66 = 1.60 784 +£143 868 £124
BL 576 +0.14 595 +007 881+339 926 +2.65 1089 +2.17
TAL 927+021 089 +022 1244 £218 1426 £ 1.50 16.16 £ 145
TL 1410216 1586 +0.30 2125 +£550 23.84 £394 2786 £330
UF 0.65 +0.07 1.02 +0.07 1.54 +£0.52 1.87 046 239+ 046
LF 053 +£0.08 077 £0.08 1.14 £ 045 129 +£030 177 £0.19
MTH 215+0.11 290 £ 0.08 398+126 4.66 £ 098 581+£070
BH 350024 374+ 007 449 +£0.74 485+055 502 +£046
BW 380=+0.15 431+0.06 548 £121 579+108 632+ 056
TMH 126 +0.05 1.50 £ 0.07 1.82+0.38 2.09+0.30 232+0.18
TMW 127 +0.04 146 £ 007 1.73+024 191 +025 1.86 £0.16
10D 1.64+0.17 1.81+0.14 233+0.19 295+ 035 323+0.86
IND 1.18+0.14 147 £004 1.70 £ 0.68 1.99 +0.30 219+024
RN 071+0.17 096 +0.02 1.30+0.39 134 £ 040 1.56 £ 021
NP 1.00 + 0.05 1.17 £ 0.03 148 £029 148 +£023 165+0.14
ED 097 +0.08 1.01 £0.04 1.18 £ 026 140+£0.12 143 £0.06
ND 0.06 +£0.01 0.15+002 0.16 £ 0.02 0.18 £0.03 0.17 £0.05
SD 0.53 £007 075+0.10 096 +0.02 1.02+011 1.04 +£0.19
AL 036+ 004 043 +£0.02 061 +0.09 065+0.14 071 £0.06
PL 093 +£004 1.03 £ 0.03 093 +027 1.17+0.14 122+024
ODW 1.57 £ 005 1.82+0.00 218+ 0.74 222 +043 2.65+034
KRF 1:1+1/1+1:2 1:1+1/1+1:2 1:1+1/1+1:2 1:1+1/1+1:2 1:1+1/1+1:2
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Table 1 (continued).
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. Gosner’s stage (number of tadpole specimens)
Morphologlc.al Stage 30 Stage 31 Stage 34 Stage 36 Stage 40
characteristic
@m=1) @m=7) n=4) @m=1) @m=1)
SS 7.68 8.93 +£0.86 9.35+0.32 9.44 11.21
SU 7.99 9.98 £1.32 10.35+1.22 11.83 13.05
BL 10.03 13.28 +£2.67 14.27 £2.00 15.33 15.18
TAL 18.40 19.64 + 1.54 20.43 £2.35 23.70 25.51
TL 27.93 32.84 +£3.28 35.33+1.30 38.50 41.70
UF 2.37 2.82+0.24 2.69+0.21 4.23 3.94
LF 1.71 1.96 £ 0.24 2.10+0.21 2.76 2.91
MTH 5.78 6.88 £0.52 6.65+0.15 9.08 9.93
BH 5.34 597 +0.59 6.31£0.57 7.16 7.89
BW 6.23 7.52+0.70 8.12+0.35 8.53 9.83
TMH 2.70 2.82+0.20 3.16£0.19 3.93 4.09
TMW 2.13 2.25+0.13 2.24 £0.22 2.98 33
10D 3.74 3.98 £0.80 4.03+1.22 5.93 5.99
IND 2.16 2.49+0.12 2.58 +£0.23 3.18 2.72
RN 1.53 1.66 =0.20 1.67 £0.20 2.24 1.74
NP 1.78 1.94+£0.14 2.23+0.16 2.12 2.3
ED 1.48 1.60 £0.17 1.77 £ 0.08 2.09 2.03
ND 0.14 0.18 £0.04 0.21 +0.05 0.18 0.17
SD 1.40 1.14£0.32 1.20 £0.49 1.53 1.85
AL 0.59 0.80+0.10 0.74 £ 0.05 0.85 0.8
PL 0.91 1.21£0.20 1.45+0.16 1.06 1.5
ODW 2.34 2.79 +£0.39 2.96 +0.28 3.38 3.35
KRF L:1+1/1+1:2 | 1:1+1/1+1:2 1:1+1/1+1:2 1:1+1/1+1:2 1:1+1/1+1:2
RESULTS
External Morphology

Material examined: Morphological description based on a single specimen (0972Y.2;
Gosner’s stage 36; Figures 3 and 4) and buccopharyngeal description based on a single
specimen (KKUC 00635.9; stage 34; Figures 5 and 6).

Tadpole diagnosis: Medium-sized tadpole (TL 38.50 mm; BL 15.33 mm); body
rounded; body colour drab gray, tail muscle tawny olive, true cinnamon freckles all over body
and tail except in gut area, distinct diagonal stripes on dorsum; upper labium with marginal
papillae divided by a large middle gap, lower labium with three rows of papillae, with marginal
papillae elongated; KRF 1:1+1/1+1:2.

Tadpole description: Body shape round, with rounded snout in both lateral and dorsal
views (BW 8.53 mm; BH 7.16 mm). Eyes medium-sized (ED 2.09 mm), slightly bulging, not
visible in ventral view, dorsolateral in position and direction. Nares very small (ND 0.18 mm),
round, un-rimed, dorsal in position and direction, closer to tip of snout than to pupils (RN 2.24
mm; NP 2.12 mm). Eye and nare spacing is moderate (IND 3.18 mm; IOD 5.93 mm). Spiracle
single, sinistral, medium-sized; spiracle opens on body axis at midpoint of body (SS 9.44 mm);
lateral position, posterodorsal orientation; spiracle tube and spiracle opening attached to body;
inner wall of spiracle presents as slight ridge; spiracle opening round. Tail muscle of moderate
size¢ (MTH 9.08 mm); somewhat strong (TMH 3.93 mm); anterior part of tail muscle of
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constant height, posterior part of tail muscle gradually tapering to tip of tail. Tail fins
moderately arched, height of dorsal and ventral fins equal to body height, dorsal fin slightly
higher than ventral fin (UF 4.23 mm, LF 2.76 mm); dorsal fin begins near the end of the body
(SU 11.83 mm); maximum height of tail fin close to the tail midpoint; posterior part of tail fin
ends abruptly, acute tail tip. Vent tube broad, tube shape with oblique ending, in lateral view
vent tube right wall displaced dorsally, posterior in direction. Oral disc medium-sized (ODW
3.38 mm); ventral in position and direction, laterally emarginate; upper labium presents a single
row of papillae and two or three submarginal papillae in the corners of each side with large
middle gap, upper labial papillae are short filiform (cone-shaped); lower labium with three
rows of papillae (single row of marginal papillae and two rows of submarginal papillae), tidy
arrangement, marginal papillae elongated filiform but submarginal papillae short filiform
without median gap. No denticulate papillae. KRF = 1:1+1/1+1:2, keratodonts short at crown,
with four to six cusps (Figure 5). Jaw sheaths medium in size, dark brown, with fine serrations;
upper jaw sheath upturned curve; lower jaw sheath M-shaped.

Colouration in preservative: Body drab gray, tail muscle tawny olive, true cinnamon
freckles everywhere on body and tail except in gut area, distinct diagonal stripes on dorsum in
Gosner’s stages 29, 31 and 40. Tail fins translucent with light brown mottling. Oral disc and
papillae transparent with small dark blue spots. Eye colour unclear.

Buccal Anatomy

Buccal roof (Figure 6A): Prenarial arena medium-sized with six medium tubercles,
horizontal arrangement, middle position. A single pair of prenarial papillae, medium-sized,
long filiform, rounded tip, lateral position, centre-posterior direction. Choanae medium-sized,
round, internarial distance less than choanae length, oblique (45 degrees). Narial valve bulging
with serrated margin at anterior wall, posterior wall thin and smooth. Single pair of narial valve
projections, large filiform, with pointed tips, anterior edge serrated, free from buccal roof,
lateral position, anterior direction. Postnarial arena very small and without papillae. Single pair
of lateral ridge papillae, small, short filiform, rounded tips, lateral position, middle direction.
Two median ridges, horizontal, bulging, with serrated edge. Buccal roof arena large in size,
with an oval bulge in the middle of area, loose tubercles on oval bulge. Buccal roof arena
papillae absent. Single pair of papillae on the lateral roof arena, small-short filiform, rounded
tip, lateral position, middle direction, attached to buccal roof. Glandular zone presents medium
tubercles. Dorsal velum with a distinctly high cushion, discontinuous, with a smooth edge.

Buccal floor (Figure 6B): Buccal floor arena large in size, round, wider than it is long,
with about 30 tubercles in the posterior part, bulging cushion in posterior. Single pair of
infralabial papillae, large-long filiform, serrated edge, free from buccal floor, positioned at the
inside of lower beak, anterior direction. Single pair of lingual papillae, medium size, upturned-
cone shape, smooth edge, middle position, attached to buccal floor. Buccal floor arena papillae
include two pairs of long-medium filiform and six pairs of short-small filiform, rounded tip,
smooth edge, lateral position, middle direction. Prepocket papillac absent. Buccal pockets
nearly transverse, slightly curved, closer to infralabial papillae than to medial end of ventral
velum. Ventral velum with medium cushion, medium tubercles, wavy smooth margin.
Branchial baskets rather vertical, wider than long, three filter plates on each side, length of
filter plate approximately half of buccal floor arena length, eight rows in each plate.
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Figure 3. Humerana miopus tadpole (KKUC 00635.9, Gosner’s stage 34, total length 36.20
mm) in preservative: (A) lateral view; (B) oral disc; (C) oral disc illustration. Photography and
drawing: N. Kaewtongkum
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Figure 4. Drawing of a Humerana miopus tadpole (KKUC 00635.9, Gosner’s stage 34): (A)
dorsal view; (B) lateral view; (C) ventral view. Drawing: N. Kaewtongkum

Figure 5. SEM photograph of Humerana miopus tadpole showing a close-up of the keratodont
row
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Figure 6. SEM photographs of Humerana miopus tadpole showing buccal roof (A) and buccal

floor (B) (specimen KKUC 00635.9, Gosner’s stage 34)
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DISCUSSION

The specimens upon which the tadpole morphological and buccal features described in
this work are based were collected nearer to the type locality of this species than were the
previously described Malaysian specimens. Baan Thung Sung Community Forest lies
approximately 144 km west of the type locality, whereas the Malaysian specimens were
collected from approximately 880 km south of the type locality. The external features of the
Thai specimens described here are largely similar to those of the tadpoles from southern
Malaysia, with two notable distinctions. Specimens from Malaysia had two or three rows of
papillae on the lower labium, with the outer row being triangular in shape and the inner row
conical [20]. The Thai specimens had three rows of papillae on the lower labium, and those in
the outer row were distinctly long (see Figures 3B and 3C). One possible explanation for this
difference is that the number of rows of marginal papillae might increase as tadpoles develop
[28, 30-32]. It is also possible that differences in disc papillae may reflect adaptation to
different microhabitats and food availability [33—35]. The second distinction is in colouration:
Leong and Lim [20] observed three to four thin, diagonal (anterior left to posterior right) dark
brown stripes evenly arranged on the dorsum in tadpoles of Gosner’s stage 34 and later. In
specimens from Thailand the oblique stripes were not observed at Gosner’s stage 34 but were
found in three other stages: Gosner’s stages 29 (one specimen), 31 (six specimens), and 40 (one
specimen). This means that the presence of these oblique stripes may be independent of
developmental stage.

The only members of the genus Humerana for which detailed descriptions of the
tadpole stage exist are H. humeralis (as Hylarana humeralis; [36]) and H. miopus (as Rana
miopus [20, the present work]). The tadpoles of these two species differ in several external
characteristics (Table 2): diagonal stripes evenly arranged on dorsum (absent in H. humeralis
versus present in H. miopus), ventral part of head and body (belly translucent gray without
melanophores, branchial area and anteriorly covered with densely arranged melanophores
versus dark brown spots/reticulation, rest of venter white), rows of papillae on lower labium
(single row versus two to three rows in Malaysian specimens or three rows with long papillae
in the outer row in Thai specimens), keratodonts (three to four cusps versus four to six cusps),
shape of lower jaw sheath (V-shaped versus M-shaped), shape of body (oval versus rounded),
and shape of tail (constant height in anterior part and slightly tapering in posterior part,
maximum height in posterior part of tail, tail tip finely round versus moderately arched,
maximum height at beginning of tail, tail tip acute).

Distinctions also exist between the buccal anatomy of Humerana humeralis [36] and
H. miopus [the present work], which could be a further basis for species identification.
Humerana humeralis has three to four short papillaec on each side of the buccal roof arena,
which are absent in H. miopus. In the prenarial arena, H. humeralis has a large M-shaped ridge,
while H. miopus possesses tubercles. Humerana humeralis has a single pair of postnarial
papillae; H. miopus instead has single pairs of papillae on the lateral ridge and lateral roof.

The buccal floor of Humerana humeralis is square shaped, without any tubercles. That
of H. miopus is wider than it is long, and has numerous tubercles on it. There are four papillae
on the buccal floor arena in H. humeralis while H. miopus has seven. There are no lingual
papillae in H. humeralis; H. miopus has a single pair.
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Table 2. Comparative measurements (in mm) of Humerana tadpoles
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Humerana miopus

Humerana miopus [20]

Humerana humeralis [36]

Gosner’s (Thailand) (Malaysia) (Assam)
stage | BL TL n BL TL n BL TL
. 3 3 T | | 324003 4.4450.05
B B B (3.2-3.28) (4.40-4.50)
3.13£001 4.9410.03
2 - - - - - - 101 312:3.16) (4.9-5)
n - 3 3 3 T 0| 281003 5.67+0.05
(2.76-2.86) (5.6-5.7)
3.120.03 7.2820.03
4| - - B B B - 10 3063.14) (7.2-73)
s |4 | 376e004 1412216 | 3 T | 3.16+003 7.620.05
(5.64-591) | (10.87-15.36) (3.1-3.2) (7.5-7.7)
5.9520.07 15.8620.3 8722064 | 2441£1.69
2613 (591.603) | (1565-16.07) | 4| OO | 2432721101 7 g g 55y (21.6-26.4)
881339 | 2125555 0.62:046 | 27.03:1.57
2713 662-1271) | (17.73-27.58) | 4| 12413 1 268-299 1101 g 66 908) | (24.1-28.6)
9265265 | 23.84+3.94 9.13:028 | 26.59+1.17
B 1100 g45505) | (19743108 | 2 | 128133 30432 18 1 004050 | (254-282)
1089+2.17 | 27.86:33
214 8921383) | (25.64-3165) | L | 137 36 - - B
30 |1 10.03 27.93 5 | 13.1-15.2 | 31.9-34.6 | — _ _
132842.67 | 32.843.28
31 7] (1064-17.19) | 27893724y | 1| 146 3| - B B
13812031 | 40.04=1.35
32~ - - Lo 16l 37616\ (1334941) | (38.9-42.5)
14158061 | 41.89+1.82
3| - _ _ 3| 147156 | 345378 |10 | M3 (35,6044,
142742 353313 1432053 | 40.6520.56
14 (1187-1635) | (33.83-36.2) | O | AT 356416 1100 a 00 | (39.6.41.42
1442056 | 4233%1.55
S - - L1589 367 1100 3 00050) | (39.5-44.1)
16.56:0.61 | 47.772.03
36 1 15.33 385 2 | 172174 | 402409 | 10 | 020000 o)
1737033 | 5021=2.14
SO - - 3| 17173 140409 1 7 1 16 6a17.64) | (47.72-53.48)
18.94+0.65 | 56.831.49
38 | - _ _ 2 | 178186 | 425455 | 10 | (B0 )
19.18:049 | 60.08%1.71
S - - b 197 B8 1101 1844-1986) | (58.1-62.7)
1945037 | 60.25+1.99
40 |1 15.18 417 1] 185237 | 466587 10| (om0l | S
" 3 3 3 3 3 S | 2088066 | 5827+134
- (202-21.7) | (56.4-59.6)
21.08£0.6 55.56:2.4
0 |- - - 2 | 199201 | 42943 | 5 | 0B FP0 T s
- 3 3 3 3 3 S | 20655123 | 47.002332
- (19.3621.8) | (43.4-49.8)
44 s | 2172073 | 3591%585
- - - - - - (21.1422.52) | (31.7-42.6)
P 3 3 3 L | 20885144 | 26676475
- - - (19.34222) | (21.5-30.9)
21235166 | 2123:1.66
46 - - - - - - 101" (1923.6) (19-23.6)
. HESHESE) HESHESE LI+/1+12
(stage 25-31, 34, 36, 40) (unknown stage) (stage 34)
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Our knowledge of the diversity of amphibian species is rapidly growing [3]. Currently
there are 7,822 known species of amphibians worldwide, approximately 189 of which are found
in Thailand [3]. However, there may be far more species than this in Thailand, owing to the
presence of cryptic species [37]. Studies have revealed previously unreported species diversity
in Thailand [37, 38], highlighting the need for further research on amphibians, and particularly
amphibian tadpoles in this area.

CONCLUSIONS

Tadpoles of Humerana miopus from Thailand are largely similar to those of the same
species described from Malaysia. They are of medium size (TL 38.50 mm; BL 15.33 mm),
with a rounded body, distinct diagonal stripes on the dorsum, upper labium with marginal
papillae divided by a large middle gap, lower labium with three rows of papillae, of which
marginal papillae are elongated; KRF 1:1+1/1+1:2. Their buccal features are described here
for the first time.
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