
 REPTILES & AMPHIBIANS  •  28(3): 475–479  •  DEC 2021

475

HTTPS://JOURNALS.KU.EDU/REPTILESANDAMPHIBIANS

Reptiles & Amphibians ISSN 2332-4961

IRCF REPTILES & AMPHIBIANS  •  VOL15, NO 4  •  DEC 2008 189TABLE OF CONTENTS

T A B L E  O F  C O N T E N T S

F E A T U R E  A R T I C L E S

 Chasing Bullsnakes (Pituophis catenifer sayi) in Wisconsin: 
On the Road to Understanding the Ecology and Conservation of the Midwest’s Giant Serpent ...................... Joshua M. Kapfer 190

 The Shared History of Treeboas (Corallus grenadensis) and Humans on Grenada: 
A Hypothetical Excursion ............................................................................................................................Robert W. Henderson 198

R E S E A R C H  A R T I C L E S

 The Texas Horned Lizard in Central and Western Texas .......................  Emily Henry, Jason Brewer, Krista Mougey, and Gad Perry 204
 The Knight Anole (Anolis equestris) in Florida 

 .............................................Brian J. Camposano, Kenneth L. Krysko, Kevin M. Enge, Ellen M. Donlan, and Michael Granatosky 212

C O N S E R V A T I O N  A L E R T

 World’s Mammals in Crisis  .............................................................................................................................................................   220
 More Than Mammals  ......................................................................................................................................................................   223
 The “Dow Jones Index” of Biodiversity  ...........................................................................................................................................   225

H U S B A N D R Y

 Captive Care of the Central Netted Dragon  ....................................................................................................... Shannon Plummer 226

P R O F I L E

 Kraig Adler: A Lifetime Promoting Herpetology  ................................................................................................ Michael L. Treglia 234

C O M M E N T A R Y

 The Turtles Have Been Watching Me  ........................................................................................................................ Eric Gangloff 238

B O O K  R E V I E W

 Threatened Amphibians of the World edited by S.N. Stuart, M. Hoffmann, J.S. Chanson, N.A. Cox, 
R. Berridge, P. Ramani, and B.E. Young  ..............................................................................................................  Robert Powell 243

 CONSERVATION RESEARCH REPORTS:   Summaries of Published Conservation Research Reports  .................................  245
 NATURAL HISTORY RESEARCH REPORTS:   Summaries of Published Reports on Natural History .................................  247
 NEWBRIEFS  ......................................................................................................................................................................................  248
 EDITORIAL INFORMATION  .....................................................................................................................................................  251
 FOCUS ON CONSERVATION:   A Project You Can Support  ...............................................................................................  252

Front Cover. Shannon Plummer.
Totat et velleseque audant mo 
estibus inveliquo velique rerchil 
erspienimus, quos accullabo. Ilibus 
aut dolor apicto invere pe dolum 
fugiatis maionsequat eumque 
moditia erere nonsedis ma sectiatur 
ma derrovitae voluptam, as quos 
accullabo.

Back Cover. Michael Kern
Totat et velleseque audant mo 

estibus inveliquo velique rerchil 
erspienimus, quos accullabo. Ilibus 

aut dolor apicto invere pe dolum 
fugiatis maionsequat eumque 

moditia erere nonsedis ma sectia-
tur ma derrovitae voluptam, as

IR
C

F

REPTILES & AMPHIBIANS
C O N S E R V AT I O N  A N D  N AT U R A L  H I S T O R Y

Copyright is held by the authors. Articles in R&A are made available under a  
Creative Commons Attribution-NonCommercial 4.0 International license.

The family Rhacophoridae (Amphibia: Anura) comprises 
442 species in 20 genera, 13 of which are represented 

in India. Ten of these genera occur in Northeast India: 
Chirixalus, Ghatixalus, Kurixalus, Nasutixalus, Philautus, 
Polypedates, Pseudophilautus, Raorchestes, Zhangixalus, and 
Theloderma. The genus Zhangixalus is represented in India by 
three species: The Giant Treefrog (Zhangixalus smaragdinus), 

Patsarlamdam Flying Frog (Z. burmanus), and Suffry Red-
webbed Treefrog (Z. suffry) (Dinesh et al. 2020; Frost 2021). 
Zhangixalus suffry (Fig. 1) was first described by Bordoloi et 
al. (2007) from an area near the Suffry Tea Estate, Sivsagar, 
Assam; its known distribution is in Northeast India (Assam, 
Arunachal Pradesh, Meghalaya, Mizoram, and Nagaland) 
and Bhutan (Trongsa District) (Bordoloi et al. 2007, 2008; 

On the Phylogeny of the Suffry  
Red-webbed Treefrog, Zhangixalus suffry 
(Bordoloi, Bortamuli, and Ohler 2007),  

with Notes on Distribution and  
Comparisons with the Giant Treefrog, 

Zhangixalus smaragdinus (Blyth 1852), and 
Other Closely Related Species in Mizoram
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Fig 1. A Suffry Red-webbed Treefrog (Zhangixalus suffry) from Durtlang, Aizawl, Mizoram, India. Photographs by H.T. Lalremsanga.
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Lalremsanga 2017; Mukhim et al. 2017; Wangyal et al. 
2020; Frost 2021). However, Wildenhues et al. (2010) sug-
gested that “the recently described R[hacophorus]. suffry [= 
Zhangixalus suffry] from India … seems very similar to the 
red-webbed developmental stage of R[hacophorus]. maximus 
[= Zhangixalus smaragdinus] from Vietnam.
 We conducted field surveys for Zhangixalus suffry 
throughout Mizoram State using visual and acoustic encoun-
ter surveys and collected individuals from 11 localities (Fig. 
2). We identified specimens using Bordoloi et al. (2007) and 
those identities were verified by Annemarie Ohler. Liver tis-
sues were extracted for genetic analysis and specimens were 
preserved in 10% buffered formalin, transferred to 70% etha-
nol, and deposited in the Department Museum of Zoology, 
Mizoram University (MZMU), as MZMU 2027 from Lunglei 
(22°52'05.56"N, 92°46'28.29"E; 1,180 m asl); MZMU 
2047 from Chhingchhip (23°28'45.31"N, 92°51'38.97"E; 
1,094 m asl); MZMU 1861 from Chawlhhmun Veng, Aizawl 
(23°44'42.77"N, 92°41'38.14"E; 980 m asl); MZMU 1921 
from Durtlang, Aizawl (23°46'27.01"N, 92°43'51.38"E; 
1,295 m asl); MZMU 1862 from Khawzawl (23°32'25.71"N, 
93°11'07.76"E; 1,105 m asl); MZMU 1653 from MZU 
Campus, Aizawl (23°44'13.19"N, 92°39'50.49"E; 810 

m asl); MZMU 1976 from Hmuifang (23°27'14.48"N, 
92°45'13.57"E; 1,464 m asl); MZMU 1866 from Reiek 
(23°41'30.35"N, 92°36'20.29"E; 1,267  asl); MZMU 
2370a–b from Champhai (23°26'55.64"N, 93°17'53.36"E; 
1,324 m asl); MZMU 2399 from Ngentiang; MZMU 
2370 from Hlimen (24°14'09.43"N, 92°48'21.72"E; 652 
m asl); and MZMU 2370c from Sihphir (23°49'22.82"N, 
92°44'09.41"E; 1,242 m asl). We amplified the 16s rRNA 
gene using primers L02510 (Palumbi 1996) and H03063 
(Rassmann 1997) and compared it to 15 sequences from 
related species obtained from the NCBI database. A Common 
Asian Toad (Duttaphrynus melanostictus) (MW165455) was 
used as an outgroup. We aligned the sequences using the 
MUSCLE algorithm in MEGA 7 (Kumar et al. 2016) and 
constructed a phylogenetic tree by MrBayes (v. 2.7) using the 
GTR+I+G model (Huelsenbeck and Ronquist 2001) (Fig. 3).
 Our ML phylogenetic reconstruction clearly places Z. suf-
fry (MZ702488–MZMU1653; MW658921–MZMU1861; 
MT808304–MZMU1390) as a sister species to Z. smarag-
dinus (MW658922–MZMU1828) by a well-supported 
node (bootstrap = 100), and they formed a distinct clade 
(Z. smaragdinus + Z. suffry) with respect to congeners. The 
sequence of the Double-spotted Orange-webbed Treefrog 

Fig 2. Map of Mizoram, India, showing sampling sites for Suffry Red-webbed Treefrogs (Zhangixalus suffry). The type locality is represented by a blue star, 
previously reported localities are marked in by black triangles, and the 12 new localities by red diamonds (1 = Sihphir; 2 = Durtlang; 3 = Chawlhhmun; 4 
= MZU; 5 = Reiek; 6 = Hlimen; 7 = Hmuifang; 8 = Chhingchhip; 9 = Ngentiang; 10 = Khawzawl; 11 = Champhai; 12 = Lunglei).
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(Rhacophorus bipunctatus) also grouped with a conspecific 
(bootstrap = 100) from Chin State, Myanmar (JX219444), 
and the species is sister to the group consisting of Reinwardt’s 
Treefrog (Rhacophorus reinwardtii) and the Borneo Treefrog 
(Rhacophorus borneensis) (bootstrap = 93). Average interspe-
cific K2p genetic distance was 10% (Table 1). The lowest was 
between R. borneensis and R. reinwardtii (0.2%) and the high-
est between Z. smaragdinus and Rhacophorus pardalis (17%). 
Low divergence was seen between Z. suffry and Z. smarag-
dinus (1.6%) and high divergence between Z. suffry and R. 
bipunctatus (12.7%). Also, minimal within-species divergence 
(0.0%) was evident in the R. bipunctatus (MW713624–
MZMU1814) sequences from this study (MW713624) and 
that from Myanmar (JX219444).
 Suffry Red-webbed Treefrogs (SVL = 35.58–65.33 mm) 
from Mizoram were much smaller than the sympatric con-
gener, Z. smaragdinus (SVL = 47.88–76.90 mm). Females 
of Z. suffry were usually smaller than males (♀ SVL = 35.58–
49.00 mm; ♀ SVL = 41.00–65.33 mm), whereas females 
of Z. smaragdinus were usually larger than males (♀ SVL = 
66.48—76.90 mm; ♀ SVL = 47.88–70.14 mm). The ratios of 
tibia length/snout vent length (TL/SVL) and inner metatarsal 

tubercle length/snout-vent length (IMT/SVL) in Z. smaragdi-
nus and Z. suffry were 0.49–0.53 versus 0.46–0.51 and 0.04-
0.06 versus 0.03–0.05, respectively; the ratio of head length/
snout-vent length (HL/SVL) in Z. suffry (0.34–0.40 mm) 
overlapped with that of Z. smaragdinus (0.31–0.43 mm); the 
ratio of femur length/snout-vent length (FL/SVL) of Z. suffry 
was generally less than that of Z. smaragdinus (0.44–0.52 vs. 
0.49–0.53); the ratio of head length/head width (HL/HW) 
of Z. suffry (0.88–1.05) was less than that of Z. smaragdinus 
(0.99–1.20); and the ratio of head width/snout-vent length 
(HW/SVL) was consistently greater in Z. suffry (0.37–0.39) 
than in Z. smaragdinus (0.31–0.36). Apart from these dis-
similarities, Z. smaragdinus is bluish dorsally and brown lat-
erally with a clearly defined border, the venter is brown, the 
thighs dark brown, and webbing between fingers and toes is 
uniformly grayish. Size of these species, a relatively broader 
head, complete webbing between fingers, and color pattern 
differences readily distinguish the two species. Paraphyly 
among Zhangixalus species in the study’s dataset reinforces 
the idea that the monophyletic clade consisting of Z. suffry + 
Z. smaragdinus is an independently evolving clade compris-
ing the deeply divergent lineage of Z. suffry. Recognition of 

Fig. 3. Maximum-likelihood phylogram (16s rRNA) of the Suffry Red-webbed Treefrog (Zhangixalus suffry) and related species. Numbers at nodes repre-
sent bootstrap support. The Common Asian Toad (Duttaphrynus melanostictus) (MW165455) was used as the outgroup.
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the proposed lineage is important because species groups with 
considerable genetic diversity may reflect multiple evolution-
ary lineages with low interspecific genetic diversity (Neves et 
al. 2020). Moreover, phylogenetic studies in other vertebrate 
taxa also emphasized the existence of independently evolv-
ing cryptic lineages within some paraphyletic taxonomically 
recognized species (see Durand et al. 2012a, 2012b; Durand 
and Borsa 2015; Xia et al. 2016). However, further assess-
ment based on more ecological data, reproductive behavior, 
morphology, as well as multiple mitochondrial and nuclear 
loci will be crucial for delineating the precise taxonomic sta-
tus of Z. suffry. Despite questions raised by Wildenhues et al. 
(2010), the data presented herein clearly indicate that Z. suffry 
and Z. smaragdinus are distinct species.
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