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Abstract

Frogs in the genus Megophrys are an Asian radiation of stream-breeding frogs. The tadpoles of many Megophrys species
are undescribed; those that are described are often dubiously allocated to species by association with post metamorphic
specimens at collection sites and without supportive molecular data. We provide detailed descriptions of the larvae of
five species of Megophrys from the Hoang Lien Range in northwest Vietnam: Megophrys fansipanensis, M. gigantica,
M. hoanglienensis, M. jingdongensis and M. maosonensis. Tadpoles from different subgenera differ from each other via
a combination of patternation in life, oral disc shape and tail morphology but given the small sample size, and limited
number of species it is unlikely that these differences can be applied more widely to delineate subgenera. Morphological
differences between tadpoles from species within the subgenus Panophrys were insufficient to clearly delineate all species.
The ability to identify tadpoles is likely to advance our understanding of the frog fauna in mainland Southeast Asia.

Key words: Atympanophrys, Megophryinae, Megophrys fansipanensis, Megophrys jingdongensis, Megophrys
hoanglienensis, Megophrys gigantica, Megophrys maosonensis, Panophrys, Southeast Asia, larvae, Xenophrys

Tém tit tiéng Viét

Cho dén nay, nong noc cuia nhidu loai trong giéng Megophrys van chua duge moé ta; trong khi d6 ¢6 nhiéu nghi van vé
su chinh xac trong vi¢c dinh loai ddi voi nong noc nhirng loai da dugc mo ta do vi¢e dinh danh céc loai trén dugc tién
hanh chu yéu bang cach lién két v6i cac ca thé truong thanh thu thap tai dia diém thu mau ma khéng c6 sy hd tro boi dir
liéu phan tir. Trong bai bio nay chung t6i mé ti ndng noc ciia ndm loai coc simg tir diy nui Hoang Lién Son, bao gom
Megophrys fansipanensis, Megophrys gigantica, Megophrys hoanglienensis, Megophrys jingdongensis, va Megophrys
maosonensis ddng thoi so sanh chung v6i nhau va véi nong noc cta loai Megophrys rubrimera, mot loai c6 cing khu vuc
phan bd. Pdng thoi, tim quan trong ctia viée khao sat nong noc va tim hiéu hé sinh thai ctia chiing dé nghién ctru danh gia
nhanh da dang sinh hoc va cac hoat dong bao tdn cling dugc ban luan.

Introduction
The megophryid frog genus Megophrys Kuhl and Van Hasselt is comprised of 107 described species (Li et al. 2020;

Liu et al. 2020; Lyu et al. 2020; Mahony et al. 2020; Nguyen et al. 2020; Wang et al. 2020; Xu et al. 2020) within
seven subgenera (Mahony et al. 2017). The genus occurs from southern and central China, the eastern and southern
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Himalayas, mainland Southeast Asia, the islands of the Sunda shelf and parts of the Philippines (Mahony et al.
2017).

Species in the genus Megophrys are stream-breeding and their tadpoles exhibit conservative morphology (Gros-
jean 2003). The morphology of Megophrys tadpoles has not always been described in sufficient detail to allow for
the tadpoles of different species to be distinguished morphologically (e.g., Fei & Ye 2016). This is particularly the
case as all known Megophrys tadpoles have umbelliform oral discs and lack labial tooth rows (Altig & McDiarmid
1999a; Poyarkov et al. 2017; Tapley et al. 2017; Li et al. 2018); the latter of which are often relied upon when delin-
eating species (Dubois & Ohler 1998). In addition, some Megophrys tadpoles have been assigned to a species mere-
ly because they are found in sympatry with the adult frogs present at a particular site at the time of collection (Leong
& Chou 1998; Fei et al. 2009; Wang et al. 2012). This is problematic as several Megophrys species may be present
at a site (e.g., Li et al. 2014; Wang et al. 2014; Chen et al. 2017; Tapley et al. 2018a,b). Molecular data is often not
used to confirm species identity; of the 107 described Megophrys species, there are only ten tadpole descriptions
where specific identity has been confirmed with molecular data, morphology has been described and measurements
have been provided for individual tadpoles of specified developmental stage; M. lekaguli Stuart, Chuaynkern, Chan-
ard and Inger; M. dringi Inger, Steubing and Tan, tadpole described by Oberhummer et al. (2014); M. intermedia
(Smith), tadpole described by Tapley et al. (In Press); M. jiangi Liu, Li, Wei, Xu, Cheng, Wang and Wu; M. lini
(Wang, Zhao, Yang, Zhou, Chen, and Liu); M. popei (Zhao, Yang, Chen, Chen, and Wang), M. monticola (Giinther),
tadpole described by Deuti et al. (2017); Che and Mahony; M. rubrimera Tapley, Cutajar, Mahony, Nguyen, Dau,
Nguyen, Luong and Rowley; M. leishanensis Li, Xu, Liu, Jiang, Wei, and Wang. Furthermore, tadpole descriptions
are often published with ratios of character measurements for a series (e.g., Stuart e al. 2006; Wang et al. 2012), or
with very brief information on morphology and with very few measurements of characters (e.g., Wang et al. 2014;
Zhao et al. 2014) rather than precise measurements for each developmental stage. This makes robust interspecific
comparison using published tadpole descriptions challenging.

Vietnam contains some of the highest known species richness in the genus Megophrys, with 22 species repre-
senting five subgenera known from the country: Atympanophrys Liu; Brachytarsophrys Boulenger; Ophryophryne
Boulenger; Panophrys Rao and Yang; and Xenophrys Glinther (Orlov ef al. 2002; Ohler 2003; Le et al. 2006;
Nguyen et al. 2009; Chen et al. 2017; Mahony et al. 2017; Poyarkov et al. 2017; Tapley et al. 2018a; Luong et
al. 2019); Nguyen et al. 2020). Most Megophrys are from the north of the country and the Hoang Lien Range in
northern Vietnam is known to have nine species (Ohler et al. 2000; Tapley et al. 2018a; Luong et al. 2019), many
of which have been described in the last decade; M. fansipanensis Tapley, Cutajar, Mahony, Nguyen, Dau, Luong,
Le, Nguyen, Nguyen, Portway, Luong, and Rowley; M. gigantica (Liu, Hu and Yang), M. hoanglienensis Tapley,
Cutajar, Mahony, Nguyen, Dau, Luong, Le, Nguyen, Nguyen, Portway, Luong, and Rowley; M. jingdongensis
Fei and Ye; M. maosonensis Bourret; M. microstoma (Boulenger), M. pachyproctus Huang; M. palpebralespinosa
Bourret, and M. rubrimera.

During recent field work in the Hoang Lien Range, northwest Vietnam, we encountered Megophrys tadpoles
that appeared morphologically distinct from one another. Tadpoles were assigned to species using molecular data.
We provide the first tadpole description for two species and provide detailed redescriptions for a further three.

Materials and methods

Specimens were collected by day and by night in forest stream habitats in the Hoang Lien Range, Sa Pa and Bat
Xat districts, Lao Cai Province (Vietnam), and Tam Duong District, Lai Chau Province (Vietnam) during Decem-
ber 2017, March, June and September 2018. Geographic coordinates were obtained using a Garmin GPSMAP
60CSx GPS receiver (Garmin Ltd., Kansas, USA) and recorded in datum World Geodetic System 1984 (or WGS
84). Specimens were photographed in life before being humanely euthanised in food grade plastic bags containing
a 20% solution of benzocaine and stream water. Tissue samples (tail clips) for molecular analyses were extracted
from freshly euthanised specimens and stored in EDTA/DMSO or ethanol prior to fixation of specimens with 10%
formalin and storage in 70% ethanol. Specimens were deposited at the Vietnham National Museum of Nature, Hanoi
(VNMN) and Hoang Lien National Park headquarters. Comparative material was examined at the Australian Mu-
seum, Sydney; Megophrys (Panophrys) rubrimera (N=1): AMS R177680 collected from a pool in a 2 m wide rocky
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stream 1in slightly disturbed evergreen forest, Sa Pa District, Lao Cai Province, Vietnam (22.38208°N, 103.78699°E,
1722 m asl).

Molecular data: The identity of the tadpoles was confirmed by analysing the tissue collected from each tadpole
(GenBank accession numbers provided in Table 1). Total genomic DNA was extracted with DNeasy tissue extrac-
tion kits (Qiagen), and we used the primers 16SAR and 16SBR of Palumbi et al. (1991) to amplify 550 base pairs
of the 16S rRNA gene. PCR amplification was carried out in 24 pl reactions with 1000 ng of genomic DNA, 1 x
Reaction Buffer (Bioline My Taq Red Reagent Buffer), 2 pmol of corresponding primers and Bioline My Taq Red
DNA polymerase (0.5 units). Negative controls were included in each PCR batch. Thermocycling was performed
on an Eppendorf Mastercycler EpS (Eppendorf, Hamburg, Germany) under the following conditions: initial dena-
turation 94 °C (2 min), two cycles of 94 °C (20 s) denaturation, 52 °C (40 s) annealing and 72 °C (60 s) extension,
followed by 33 cycles of 94 °C (20 s) denaturation, 50 °C (40 s) annealing and 72°C (50 s) extension, followed by
a final extension step at 72 °C (5 min). All PCR products were purified using Exo-Sap-IT (USB Corporation, Ohio,
USA), and sequenced in both directions at Macrogen (Seoul, Korea). Sequences were edited and checked for quality
through reference of chromatograms using Sequencher v. 4.10 (Gene Codes, Ann Arbor, Michigan, USA), aligned
with the Clustal option in MEGA 7 (Kumar et al. 2016), and refined by eye. The new sequences were then checked
on BLAST (NCBI) to verify their approximate identity. Uncorrected p-distance (with partial deletion of gaps and
missing data) was calculated between the new sequences and sequences from Megophrys species known from the
Hoang Lien Range using MEGA 7.

Misidentifications of sequences on GenBank are common for morphologically conservative frogs such as Me-
gophrys. We used the ruler function on Google Earth to measure the distance between the collection site of se-
quenced specimens and their type locality as this measurement may indicate the reliability of the sequence data for
species.

Morphological data: To measure the tadpoles, we used ImageJ 1.49 (Schneider et a/. 2012) on photographs of
preserved specimens that were taken next to a scale. For M. maosonensis, measurements of the head, body and tail
base were taken from preserved specimens but we had to rely on scaled images in life to measure aspects of the tail
as the tip had been removed for molecular analyses. We also used photographs taken of tadpoles in life to describe
mouthpart shape, the arrangement of submarginal papillae, oral disc width in life and colouration. Staging follows
Gosner (1960) and terminology for external morphology is that of Altig & McDiarmid (1999b). Measurements and
morphometric abbreviations follow Oberhummer et a/. (2014) and are as follows: body length from snout to the
point where the axis of the tail myotomes touches the body wall (BL); maximal body height at trunk (BH); body
end to centre of spiracles (BS); maximal body width (BW); eye diameter (ED); eye snout distance (ES); internarial
distance measured from the centre of each nare (IND); interorbital distance measured from centre to centre (IOD);
lower fin height at point of maximal tail height (LFH); maximal tail height, including fins (MTH); distance from
centre of nare to centre of eye (NE); oral disc width (ODW); distance from centre of the nare to the snout (SN);
distance from snout to centre of spiracle (SS); total length (TTL); tail length = TTL-BL (TAL); maximal tail muscle
height at body—tail junction where the ventral line of the musculature meets the contour of the trunk (TMH); maxi-
mal tail muscle width (TMW); and upper fin height at point of maximal tail height (UFH).

We compare the newly collected tadpole specimens from the Hoang Lien Range with one another and with M.
rubrimera, the only sympatric species with a detailed tadpole description.

Results

Megophrys (Atympanophrys) gigantica
Figs. 1, 2A, 3A, and 4

Molecular data: 16S sequences were generated from tissue samples of two tadpoles. Uncorrected p-distance be-
tween the tadpoles in this study and sequences from M. gigantica specimens collected approximately 390 km to
the northwest in the proximity of the type locality; Mount Wuliang, Yunnan Province, China (GenBank accession
numbers; MH406775; MH406776 & KX811898) were 0.2%.

Collection site: The following tadpole description is based on 5 specimens VNMNO010898, VNMNO010899,
VNMNO010900, HLNP 20180320 00009 & HLNP 20180320 00010) at Stage 35. Specimens were found actively
feeding near the bank in a large pool in a 2 m wide stream in heavily disturbed evergreen forest on Mount Pu Ta
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Leng, Bat Xat Nature Reserve, Bat Xat District, Lao Cai Province, Vietnam (22.4322°N 103.6297°E, 1912 m asl;
Figs. 1 and 2A), collected at 15:00 h on 20 March 2018 by Luan Nguyen, Christopher Portway, Chung Nguyen and
Benjamin Tapley.

Morphology: The body is longitudinally oval shaped and dorsally compressed; the nares are oval and are closer
to the eyes than to the snout, the rims of the nares are serrated, raised from the body wall and open anterolaterally;
the internarial distance is less than the interorbital distance; the eyes are positioned dorsolaterally, the pupils are
round; the spiracle is sinistral and the spiracular tube protrudes from nearly two thirds of the way along the body
wall just anterior to the maximal trunk width, the spiracular tube opens laterally; the mean tail length is 66.6%
(63.2-68.4%, n=5) of the total length; the dorsal tail fin inserts behind the body-tail junction, the dorsal fin is low,
particularly at the proximal half of the tail length; the mean basal tail width is 42.1% (37.2-45.1%, n=5) of the maxi-
mal trunk width, the tail tip is broadly rounded; the oral disc is subterminal and antero-dorsal, the lateral corners fold
medially and turn upward when not fully extended (and in preservative), the mean width of the umbelliform oral
disc makes up 92.4% (82.4-96.7%, n=5) of the maximal width of the trunk; in life the maximal BW is 62.6% the
maximal width of the fully extended ODW (n=1); the lower lip is triangular with basal lobes when the mouthparts
are fully expanded in life, we define this as hastate shaped (Fig. 4B), marginal papillae are absent; six rows of sub-
marginal papillae are present on the upper lip when they are counted medially at the maximal width of the oral disc;
these are regularly positioned; those present medially at the maximal width of the oral disc are rounded, but those
in the innermost two rows become increasingly oblong shaped towards the edges of the disc; five rows of rounded
submarginal papillae are present on the lower lip when they are counted medially at the maximal width of the oral
disc; these are regularly positioned, longitudinally oblong shaped on the three inner rows and they become smaller
and circular in shape on the outermost row; the lower lip is deeper than the upper lip; labial teeth are absent; the
upper jaw sheath is serrated and has a deep medial notch; the lower jaw sheath is serrated and lacks a medial notch.
See Table 1 for measurements.

FIGURE 1. Survey sites in the Hoang Lien Range. Blue star, Megophrys gigantica and Megophrys jingdongensis tadpole
collection site; blue square, Megophrys hoanglienensis tadpole collection site; blue circle, Megophrys fansipanensis tadpole
collection site; blue triangle Megophrys maosonensis tadpole collection site. Pale grey areas indicative of higher elevation, dark
green indicative of lowest elevation.
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FIGURE 2. Collection sites in the Hoang Lien Range: (A) Megophrys gigantica and Megophrys jingdongensis tadpole col-

lection site, Bat Xat District; (B) Megophrys hoanglienensis tadpole collection site, Tam Duong District; (C) Megophrys fansi-
panensis tadpole collection site, Sa Pa District, and (D) Megophrys maosonensis tadpole collection site, Sa Pa District.

Colour in life: (Fig. 4) Dorsally, the head and body are light brown with pale neuromasts; the area surrounding
the nares is dark brown; the oral disc is a translucent tan brown with dark brown submarginal papillae; the dorsal and
ventral fins are opaque, pale yellowish brown without speckles; the lower fin is more yellow in colour than the upper
fin and also without speckles; the ventral and lateral sides of the body are a translucent dark grey and speckled with
white; the underside of the oral disc is speckled with white; the gills and coils of the gut are visible in the ventral
view through the transparent ventral skin; the sclera of the eye is black with green-gold flecks; the pupil is black and
rounded; the iris is orange and speckled with black dots; the outer margin of the upper jaw sheath is dark brown.

Colour in preservative: (Fig. 3A) Body brown; the gills and coils of the gut are visible in the ventral view
through the transparent ventral skin; the oral disc is translucent grey brown with darker brown submarginal papillae;
the dorsal and ventral fins are an opaque, pale grey brown; the venter is grey; the iris is dark grey.

Variation: VNMNO010899 has a shorter tail than the other M. gigantica specimens collected from the Hoang
Lien Range, this is probably due to a historic tail injury and subsequent regeneration (Figs. 3A and 4A). The tadpole
of M. gigantica at Stage 34 was described previously by Fei et al. (2009) although it is not clear if species identity
was supported with molecular data. The description is broadly congruent with the Stage 35 specimens collected in
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this study but there are some notable differences. At stage 34 the TTL is reported as 39.0 mm (Fei et al. 2009); this is
considerably smaller than the mean TTL of 50.7 mm in this study. Fei et al. (2009) describe the body and tail muscle
as having grey patterns (also depicted in the associated line drawing). The specimens we collected in the Hoang Lien
Range lacked grey patterns on the body and on the tail muscle.

A

FIGURE 3. Tadpoles of five Megophrys species from the Hoang Lien Range in preservative: (A) Megophrys gigantica
(VNMNO010899); (B) Megophrys fansipanensis (HLNP 20171230 00011); (C) Megophrys jingdongensis (VNMNO010902); (D)
Megophrys hoanglienensis (VNMNO010903) and (E) Megophrys maosonensis (VNMNO010904). Scale bar is 0.5 cm.
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FIGURE 4. Megophrys gigantica tadpole VNMNO010899. (A) Dorsal, lateral, ventrolateral views (15 mm scale), and (B) detail
of the oral disc of a live tadpole (15 mm scale). (C) Oral disc of the euthanised specimen (15 mm scale). (D) Lateral view of

unvouchered specimen to demonstrate intraspecific variation (not to scale).
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FIGURE 5. Megophrys fansipanensis tadpoles. (A) Dorsal, lateral, ventrolateral views, and detail of the oral disc in a live tad-
pole VNMNO010901. (B) Lateral, dorsal and ventral views of the live tadpole HLNP 20171230 00011. 10 mm scale.
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Megophrys (Panophrys) fansipanensis
Figs. 3B and 5

Molecular data: 16S sequences were generated from tissue samples collected from two tadpoles (VNMNO10901 &
HLNP 20171230 00011) and uncorrected p-distance between these sequences and that of the holotype of Megoph-
rys fansipanensis also collected on Mount Fansipan, Sa Pa District, Lao Cai Province, Vietnam (GenBank accession
number MH514886) was 0.0%.

Collection site: The following tadpole description is based on two specimens (VNMNO010901 & HLNP
20171230 00011) at Stage 35. Specimens were collected from a small pool in a 1 m wide low-gradient stream in dis-
turbed evergreen forest on Mount Fansipan, Hoang Lien National Park (HLNP), Sa Pa District, Lao Cai Province,
Vietnam (22.3281°N 103.7817°E, 2242 m asl; Figs. 1 and 2C), collected on 30 December 2017 by Luan Nguyen
and Chung Nguyen.

Morphology: The body is elongated and slender; the nares are oval and their rims raised from the body wall,
the nares are closer to the eyes than to the snout; the internarial distance is less than the interorbital distance; the
eyes are positioned dorsolaterally, the pupils are round; the spiracle is sinistral and the spiracular tube protrudes
from midway along the body wall just anterior to the maximal trunk width and opens laterally; the tail length ranges
from 69.1-72.1% (n=2) of the total length; the dorsal tail fin inserts behind the body-tail junction, the dorsal fin is
low, particularly towards the proximal half of the tail length; the basal tail width ranges from 53.1-60.3%, (n=2)
of the maximal trunk width; the tail tip is pointed; the oral disc is subterminal and antero-dorsal; the lateral corners
fold medially and turn upward when not fully extended (and in preservative), the width of the umbelliform oral disc
makes up 74.1-82.9%, (n=2) of the maximal width of the trunk; in life the maximal BW is 64.8% (n=1) the maxi-
mal width of the fully extended ODW; the lower lip is bi-triangular shaped when fully expanded in live specimens;
marginal papillae are absent; five rows of submarginal papillae are present on the upper lip when they are counted
medially at the maximal width of the oral disc; these are regularly positioned and rounded, and become substantially
smaller in the outermost row; five rows of rounded submarginal papillae are present on the lower lip when they are
counted medially at the maximal width of the oral disc; these are regularly positioned, longitudinally oblong shaped
at the edge of the disc and become increasingly rounded towards the point at which the maximal width of the disc
is at its greatest, the submarginal papillae become smaller and more longitudinally elongated in shape on the outer-
most row; the lower lip is deeper than the upper lip; labial teeth are absent; the upper jaw sheath is serrated and has
a medial notch; the lower jaw sheath lacks a medial notch. See Table 1 for measurements.

Colour in life: (Fig. 5) Dorsally, the head and body are brown with dark brown speckles which become increas-
ingly dense towards the posterior half of the body; there are obvious pale neuromasts; the oral disc is a translucent
beige brown with dark brown submarginal papillae; the dorsal apex of the tail has a light brown saddle, the margins
of which are bordered by a dark brown band on the lateral surfaces of the tail, this saddle extends from the body and
terminates half way along the length of the tail; at the point where the tail meets the body there is a brown stripe that
extends from the body-tail junction and runs along the midline of the lateral tail surface, this stripe becomes increas-
ingly broken and fades into brown blotches half way along the tail; the dorsal and ventral tail fins are opaque, pale
yellowish brown with a few dark brown speckles; the venter is a translucent grey brown and speckled with metallic
blue and flecked with dark brown; the gills and coils of the gut are visible in the ventral view through the transparent
ventral skin; the sclera of the eye is broad and black with green-gold flecks; the pupil is black and rounded; the iris
is orange and speckled with black dots; the outer margin of the upper jaw sheath is dark brown.

Colour in preservative: (Fig. 3B) The body is brown with darker speckles; the oral disc is a translucent grey
brown with dark brown submarginal papillae; the dorsal and ventral fins are opaque, pale grey brown with darker
speckles; the venter is speckled grey and brown.

Variation: HLNP 20171230 00011 is larger than VNMNO010901 (Fig. 5) The ventral surface of the body of
VNMNO010901 is more densely speckled with metallic blue. TMW/BW is greater in HLNP 20171230 00011.

Megophrys (Panophrys) jingdongensis
Figs. 3C and 6

Molecular data: A 16S sequence was generated from a tissue sample obtained from the single tadpole
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(VNMNO010902). Uncorrected p-distance between the tadpole in this study and a M. jingdongensis specimen col-
lected approximately 390 km to the northwest in the proximity of the type locality; Wenlong, Jingdong County,
Yunnan Province, China (GenBank accession number KX811874) was 0.1%.

FIGURE 6. Megophrys jingdongensis tadpole VNMNO010902 in life. Dorsal, lateral, and ventral views. 10 mm scale.

Collection site: The following tadpole description is based on a single specimen (VNMNO010902) at Stage 25.
The specimen was found near the bank in a large, 2 m wide pool in heavily disturbed evergreen forest on Mount
Pu Ta Leng, Bat Xat Nature Reserve, Bat Xat District, Lao Cai Province, Vietnam (22.4322°N 103.6297°E, 1912
m asl; Figs. 1 and 2A), at 15:00 h on 20 March 2018 by Luan Nguyen, Christopher Portway, Chung Nguyen and
Benjamin Tapley.

Morphology: The body is elongated and slender; the nares are oval and are closer to the eyes than to the snout,
the rims of the nares are serrated and raised from the body wall, the internarial distance is less than the interorbital
distance; the eyes are positioned dorsolaterally, the pupils are round; the spiracle is sinistral and the spiracular tube
protrudes from midway along the body wall and anterior to maximal trunk width and opens laterally; the tail length
is 68.1% of the total length; the dorsal tail fin inserts behind the body-tail junction, the dorsal fin is low, particularly
towards the proximal half of the tail length; the basal tail width is 48.8% of the maximal trunk width, the tail tip is
rounded; the oral disc is subterminal and antero-dorsal; the lateral corners fold medially and turn upward when not
fully extended (and in preservative), the width of the umbelliform oral disc makes up 63.4% of the maximal width
of the trunk; in life the maximal BW is 80.4% (n=1) the maximal width of the fully extended ODW; the lower lip
is bi-triangular shaped; marginal papillae are absent; regularly positioned, round and oblong shaped submarginal
papillae are present on both the upper and lower lip; the lower lip is deeper than the upper lip; labial teeth are absent;
the upper jaw sheath is serrated and has a medial notch; the lower jaw sheath lacks a medial notch. See Table 1 for
measurements.
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Colour in life: (Fig. 6) Dorsally, the head and body are dark brown with a series of cream blotches bordered
by orange flecks, diffuse beige flecks cover the dorsal and lateral surfaces of the body; neuromasts are indistinct;
the oral disc is a translucent beige brown and the submarginal papillae are dark brown; the dorsal apex of the tail
has four cream saddles, the margins of which are bordered with dark brown, the saddles extend from the body and
terminate half way along the length of the tail; at the point where the tail meets the body, there is a brown stripe that
extends from the body-tail junction and runs along the midline of the lateral tail surface, this stripe becomes increas-
ingly broken and fades into brown blotches half way along the length of the tail, the dorsal and ventral tail fins are
opaque, the dorsal fin has many dark brown speckles along its length; the ventral fin has few, very dispersed dark
brown speckles; the vent is grey brown and speckled with metallic blue; the sclera of the eye is black; the pupil is
black and round; the iris is gold, speckled with black dots; the gills and coils of the gut are visible in the ventral view
through the transparent ventral skin.

Colour in preservative: (Fig. 3C) The body is brown with lighter speckles and blotches; the oral disc is a trans-
lucent grey brown with dark brown submarginal papillae; the dorsal and ventral fins are opaque, pale grey brown
with darker speckles; the venter is speckled grey and brown.

Variation: The tadpole of M. jingdongensis at Stage 37 was described previously by Fei ef al. (2009) although
it is unclear if species identity was supported with molecular data. The description is broadly congruent with the
specimen collected in this study but there are some notable differences. In the text of Fei et al. (2009) the tail tip
is described as blunt, but the line drawing of the tadpole shows a specimen with a pointed tail tip. Fei et al. (2009)
describe the body of M. jingdongensis as Stage 37 as unmarked, this is incongruent with our observation of a single
specimen at Stage 25 where the body is heavily marked both in life and in preservative.

Megophrys (Panophrys) hoanglienensis
Figs. 3D and 7

Molecular data: A 16S sequence was generated from tissue samples collected from one tadpole (VNMNO010903)
and uncorrected p-distance between this sequence and that of the holotype of M. hoanglienensis also collected on
Mount Fansipan, Sa Pa District, Lao Cai Province, Vietnam (Genbank accession number MH514889) was 0.0%.

Collection site: The following tadpole description is based on a single specimen (VNMNO010903) at Stage 26.
The specimen was found feeding in a 5 m wide stream in disturbed evergreen forest on Mount Fansipan, Hoang Lien
National Park, Tam Duong District, Lai Chau Province, Vietnam (22.3483°N 103.7700°E, 1901 m asl; Figs. 1 and
2B), on 10 September 2018 by Luan Nguyen, Chung Nguyen and Luong Hoang.

Morphology: The body is longitudinally oval shaped and dorsally compressed; the nares are oval and are
closer to the eyes than to the snout, the rims of the nares are serrated and raised from the body wall, the internarial
distance is less than the interorbital distance; the eyes are positioned dorsolaterally, the pupils are round; the spiracle
is sinistral and the spiracular tube protrudes from midway along the body wall and anterior to maximal trunk width
and opens laterally; the tail length is 73.2% of the total length; the dorsal tail fin inserts behind the body-tail junc-
tion, the dorsal fin is low, particularly towards the anterior half of the tail length; the basal tail width is 43.5%, of
the maximal trunk width, the tail tip is pointed; the oral disc is subterminal and antero-dorsal; the lateral corners
fold medially and turn upward when not fully extended (and in preservative), the mean width of the umbelliform
oral disc makes up 47.8% of the maximal width of the trunk, in life the width of the umbelliform oral disc exceeds
the maximal width of the trunk; in life the maximal BW is 79.3% (n=1) the maximal width of the fully extended
ODW; the lower lip is bi-triangular shaped; marginal papillae are absent, the edges of the lips are smooth; four rows
of submarginal papillae are present on the upper lip when they are counted medially at the maximal width of the
oral disc; these are longitudinally oblong shaped at the edge of the disc and become increasingly rounded towards
the maximal width of the disc, and become substantially smaller in the outermost row; five rows of longitudinally
oblong submarginal papillae are present on the lower lip when they are counted medially at the maximal width of
the oral disc; these are regularly positioned and become smaller on the outermost row; the lower lip is deeper than
the upper lip; labial teeth are absent; the upper jaw sheath is serrated and has a medial notch; the lower jaw sheath
lacks a medial notch. See Table 1 for measurements.

Colour in life: (Fig. 7) Dorsally, the head and body are dark brown, a darker brown irregular shaped bar runs
dorsally from nare to nare, a large reddish brown blotch is present posterior to each of the eyes, the area between
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these reddish brown blotches and mid dorsum is reticulated with blackish brown; the upper lateral surface of the
body is beige with darker brown reticulations and light grey flecks, the skin of the lower lateral surface of the body
is also flecked with grey over slightly translucent skin, the colour of the organ structures is visible beneath; the
neuromasts are distinct; the oral disc is translucent beige brown, the colouration becoming darker towards the outer
margins of the disc, the submarginal papillae are dark brown; the dorsal apex of the tail has light brown saddle, the
margins of which are bordered by a dark brown band on the lateral surfaces of the tail, this saddle extends from the
body and terminates closer to body than to tail tip; at the point where the tail meets the body there is a brown stripe
that extends from the body-tail junction and runs along the midline of the lateral tail surface, this stripe becomes
increasingly broken and fades into brown blotches half way along the length of the tail; the dorsal and ventral tail
fins are opaque, the upper tail fin is a pale yellowish brown with many dark brown speckles, the lower tail fin is
largely translucent with many dark brown speckles; the venter is translucent, speckled with metallic grey blue
flecks; the sclera of the eye is broad and black with green-gold flecks; the pupil is black and round; the iris is orange
and speckled with black dots.

Colour in preservative: (Fig. 3D) The body is brown with darker speckles; the oral disc is a translucent grey
brown with dark brown submarginal papillae; the dorsal and ventral fins are opaque, upper fin pale grey brown with
darker speckles; the venter is speckled grey and brown.

FIGURE 7. Megophrys hoanglienensis tadpole VNMNO010903 in life. Dorsal, lateral, and ventrolateral views. 5 mm scale.
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Megophrys (Xenophrys) maosonensis
Figs. 3E and 8

Molecular data: A 16S sequence was generated from a tissue sample obtained from the single tadpole
(VNMNO010904). Uncorrected p-distance between the tadpole in this study and a M. maosonensis specimen also
collected in the rough proximity of one of the type specimens; Sa Pa District, Lao Cai Province, Vietnam (GenBank
accession number KX811786) was 0.0%.

Collection site: The following tadpole description is based on two specimens at Gosner stage 25 (VNMN010904
and HLNP 2018090900015). The specimens were found feeding in a 8 m wide stream in disturbed evergreen
forest on Mount Fansipan, Hoang Lien National Park, Cat Cat river, Sa Pa District, Lao Cai Province, Vietnam
(22.3214°N 103.8264°E, 1244 m asl; Figs. 1 and 2D), on 9 September 2018 by Luan Nguyen, Chung Nguyen and
Luong Hoang.

FIGURE 8. Megophrys maosonensis tadpole VNMNO010904 in life. Dorsal, lateral, and ventral views. 5 mm scale.

Morphology: The body is elongated and slender; the nares are oval and are approximately equal in distance
from the eyes and the snout, the rims of the nares are serrated and raised from the body wall, the internarial distance
is less than the interorbital distance; the eyes are positioned dorsolaterally, the pupils are round; the spiracle is sinis-
tral and the spiracular tube protrudes from one third of the way along the body, anterior to maximal trunk width and
opens laterally; the tail length is 76.5-77.9% of the total length; the dorsal tail fin inserts behind the body-tail junc-
tion, the dorsal fin is low, particularly towards the proximal half of the tail length; the basal tail width is 51.2-61.0%,
of the maximal trunk width; the tail tip is narrowly rounded; the oral disc is subterminal and antero-dorsal; the
lateral corners fold medially and turn upward when not fully extended (and in preservative), the mean width of the
umbelliform oral disc makes up 63.4-68.3% of the maximal width of the trunk; in life, the maximal BW is 73.2%
(n=1)the maximal width of the fully extended ODW and the width of the umbelliform oral disc exceeds the maxi-
mal width of the trunk; the lower lip is bi-triangular shaped; marginal papillae are absent; five rows of submarginal
papillae are present on the upper lip when they are counted medially at the maximal width of the oral disc; these are
longitudinally oblong shaped and become substantially smaller in the outermost row; four rows of longitudinally
oblong submarginal papillae are present on the lower lip when they are counted medially at the maximal width of
the oral disc; these are regularly positioned and become smaller on the outermost row the lower lip is deeper than
the upper lip; labial teeth are absent; the upper jaw sheath is serrated and has a medial notch; the lower jaw sheath
lacks a medial notch. See Table 1 for measurements.

Colour in life: (Fig. 8) Dorsally, the head and body are brown with dark brown speckles which become increas-
ingly dense towards the posterior half of the body; a dark brown bar runs from each nare to the anterior edge of the
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eye; there are obvious pale neuromasts; the oral disc is translucent orange brown with darker brown submarginal
papillae; the dorsal apex of the tail muscle on the anterior half of the tail is orange brown and forms a saddle which
is speckled with dark brown, the lower margins of the orange brown saddle fade to cream bordered by a dark brown
band which runs half way along the tail length on the lateral surface; at the point where the tail meets the body there
is an area of dense dark brown flecks which form a thin line which extends from the body-tail junction and runs
along the midline of the lateral tail surface; the dorsal and ventral tail fins are opaque, beige brown with a few dark
brown speckles; the ventral surface is a translucent cream with and speckled with metallic grey blue; the lower lip is
bordered by a “V” shaped area of dark stippling when viewed from the ventral surface; the sclera of the eye is broad
and black with green-gold flecks; the pupil is black and round; the iris orange and speckled with black dots.

Colour in preservative: (Fig. 3E) The body is grey with darker speckles; the oral disc is a translucent grey with
dark brown submarginal papillae; the dorsal and ventral fins are opaque, pale grey with few visible darker speckles;
the ventral surface is dark grey.

Variation: The tadpole of M. maosonensis at Stages 37-39 was described previously by Fei et al. (2009; see
Table 1 for measurements) as M. major Boulenger; a species now only definitively known from northeast India
(Mahony et al. 2018), although species identity was not apparently supported with molecular data in Fei et al.
(2009). The line drawing depicts a tadpole with a very pointed tail tip, the specimens from the Hoang Lien Range
have a narrowly rounded tail tip (Fig. 8). Robust comparison cannot be made with the description of Fei et al. (2009)
as the tadpoles were of a much later stage (37-39) than those collected in the Hoang Lien Range (Stage 25).

Discussion

Amphibians in Southeast Asia are under increasing threat as they are poorly studied, and their habitats are being lost
rapidly (Rowley et al. 2010). Most species of Megophrys are forest-dependent, and a number are threatened by habi-
tat loss and degradation (Wu & Yang 2004; IUCN 2016; Tapley et al. 2017, 2018a,b; Mahony et al. 2018). In addi-
tion, frogs in the genus are poorly known, with undiagnosed species diversity (Chen ez al. 2017; Liu et al. 2018), a
high rate of species discovery and a lack of basic biological data for the species that are known. The description of
Megophrys tadpoles from the Hoang Lien Range helps address a knowledge deficit and will aid further research.

Detailed descriptions of tadpoles are important when undertaking rapid biodiversity inventories as these de-
scriptions may aid in the detection of species. Tadpoles are often relatively easy to locate in the field as they usually
occur within a defined area of aquatic habitat and they may be present, and indeed abundant, for several months
(Grosjean et al. 2015) or even years (Morrison & Hero 2003). In contrast, post metamorphic amphibians often
disperse from breeding sites and individuals, particularly of arboreal species, may be difficult to find outside of
the breeding season. In the case of Megophrys, we have failed to detect post metamorphic individuals during field
surveys in the Hoang Lien Range in December 2017 and March 2018, yet Megophrys tadpoles have been observed
at this time (L. Nguyen unpublished data). Furthermore, the presence of M. gigantica at our study sites was first
confirmed by the presence of their large active tadpoles which were much more conspicuous than the adult frogs
outside of the breeding season. In the Hoang Lien Range, more than one Megophrys species may often be found
in syntopy; and we found the tadpoles of both M. gigantica and M. jingdongensis at one site at the same time and
did not observe the adults of either species. A thorough understanding of both the microhabitat for both larvae and
post metamorphic amphibians is essential for informing amphibian conservation strategies, such as which habitat to
protect and optimal periods in which to monitor populations of a species. This is of particular importance as M. gi-
gantica is assessed as Vulnerable by the [IUCN (Wu & Yang 2004) and both M. fansipanensis and M. hoanglienensis
likely qualify for listing as Endangered (Tapley et al. 2018a).

Tadpole characteristics may also assist with diagnosing evolutionary relationships in cases where adults are
highly morphologically conserved. There have been proposals to raise the seven current subgenera to genera within
the current genus Megophrys sensu lato (Delorme et al. 2006; Frost et al. 2006; Li & Wang 2008; Chen et al. 2017;
Li et al. 2020). Whilst there are some reported differences between the tadpoles of some of the proposed genera (e.g.,
between the subgenus Brachytarsophrys and other Megophryinae; Li et al. 2011), there are no currently known reli-
able morphological characters in either tadpoles (Grosjean 2003) or post metamorphic individuals that can be used
to define all of the proposed genera (see review in Mahony et al. 2017). Our sample size was too small to draw any
well supported conclusions on differences between subgenera. There were interspecific differences in BW/ODW in
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life as well as tail tip shape (Table 1) which could be useful when assigning tadpoles to a species within the Hoang
Lien Range. Only M. gigantica has a broadly rounded tail and only M. maosonensis has a narrowly rounded tail.
In our study, both M. fanispanensis and M. hoanglienensis have pointed tails and the former differs from the latter
by having a smaller BW/ODW (63% in M. fansipanensis versus 79.3% in M. hoanglienensis). Megophrys jingdon-
gensis and M. rubrimera are syntopic with one another in the Hoang Lien Range (Tapley et al. 2018b); only one
tadpole specimen of both M. jingdongensis and M. rubrimera was examined and these specimens differed in their
stage of development. There were no obvious interspecific differences between the larvae of M. jingdongensis and
M. rubrimera; additional specimens would be required for the elucidation of any interspecific differences. The has-
tate shape mouthparts of tadpoles in the subgenus A¢ympanophrys is only clearly visible in life, in preservative the
mouthparts become folded and the shape is not clearly apparent. Li ef al. (2011) used fixed specimens in their study
of megophryid tadpole types (including Atympanophrys) and this feature may not have been obvious in preserved
specimens. Further research should focus on whether this character is found in other species in the subgenus and
whether this larval character can be considered diagnostic for the subgenus.
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