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Abstract

Owing to the harsh terrain, few biodiversity surveys have been carried out in the Pan-Himalaya Region. Among the understudied taxa 
from this region, Jerdon’s forest lizard, Calotes jerdoni, is believed to have a wide distribution, from northeast India to southwestern 
China. However, given the heterogeneous environment across its range and the lack of studies on this species, its taxonomy remains 
questionable. Using integrative taxonomic methods, we combined both morphological and genetic data from the type and topotypic 
specimens and examined the current taxonomic hypothesis of C. jerdoni across its range. Molecular data reveal that C. jerdoni as 
currently recognized, contains three deeply diverged lineages: one from the type locality in Northeast India, one from Western Myan-
mar, and another one from Southwestern China. The uncorrected genetic distances of mitochondrial coding gene ND2 among these 
three clades ranged over 10%. The Chinese population is sister to C. medogensis and paraphyletic to the remaining two clades of 
C. jerdoni. Morphological analyses confirm the results of the molecular analyses, where the Myanmar and Chinese populations can 
be diagnosed statistically in both univariate and multivariate space from the true C. jerdoni, as well as by a suite of reliable categorical 
morphological characters, including the size and shape of gular scales and ventral scales. To resolve the current taxonomic confusion, 
we resurrect the junior synonym, C. yunnanensis, for the Chinese population and expand its distribution to Myanmar, redescribe the 
elusive C. maria and C. medogensis based on its type material, and describe the remaining western Myanmar population as a new 
species. We further discuss the possibility of additional cryptic species within the complex in the Pan-Himalaya Region and provide 
a diagnostic key to all recognized members of the C. jerdoni complex.

Keywords

Dragon lizards, East Himalaya, questionable records, taxonomic revision, Tibet, Xizang Autonomous Region

Vertebrate Zoology 74, 2024, 169–192 | DOI 10.3897/vz.74.e109088

Copyright Kai Wang et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and source are credited.

http://zoobank.org/D85DA495-4568-48EC-B0AA-2A9B48F817EA
mailto:wangkai@mail.kiz.ac.cn
mailto:chej@mail.kiz.ac.cn
https://doi.org/10.3897/vz.74.e109088
http://creativecommons.org/licenses/by/4.0/


Wang K et al.: Systematic revision of Calotes jerdoni complex170

Introduction

Forest lizards of the genus Calotes Cuvier, 1817 represent 
the third-most diverse Draconinae genus, with a total of 
25 currently recognized species (Pal et al. 2018; Uetz et 
al. 2023). Members of the genus are widely distributed 
throughout Asia, from Sri Lanka across southern Himala-
ya to Southeast Asia (Manthey 2010). While considerable 
progress has been made on the taxonomy of the genus in 
the Indian subcontinent (Deepak et al. 2015; Gowande et 
al. 2016, 2021; Pal et al. 2018; Giri et al. 2019) and the 
Indochinese region (Hallermann 2000; Zug et al. 2006; 
Vindum et al. 2003; Hartmann et al. 2013), far less atten-
tion has been given to species from the Pan-Himalayan 
Region, particularly species of the C. jerdoni complex.

First described based on a collection of specimens 
from the Khassia Hills (= Khasi Hills) in northeast In-
dia, C. jerdoni Günther, 1870 was diagnosed from C. 
maria Gray, 1845 by having a shorter distance between 
the supratympanic spikes and the tympanum, larger gu-
lar scales, and shorter and more compact nuchal crest 
scales (Günther 1870). Thirty-five years later, Annandale 
(1905) described another species, C. yunnanensis Annan-
dale, 1905, from Tengyue County in southwestern Yun-
nan Province, China. Although C. yunnanensis resembles 
C. jerdoni morphologically, it was not compared against 
C. jerdoni in its original description. Smith (1935) first 
synonymized C. yunnanensis with C. jerdoni without any 
explicit explanation, and this taxonomic hypothesis went 
unquestioned by all subsequent workers (Zhao and Ad-
ler 1993; Zhao and Yang 1997; Zhao et al. 1999; Yang 
and Rao 2008; Manthey 2010; Pal et al. 2018; Wang et 
al. 2020, 2022). In addition to the recently reported re-
cords of C. jerdoni from western Myanmar (Zug et al. 
2006), C. jerdoni has now become a widespread species 
ranging from the East Himalaya to northern Indochina, 
and across northeast India, Myanmar, and China (Smith 
1935; Zhao et al. 1999; Yang and Rao 2008; Tshewang 
and Letro 2018).

Che et al. (2020) showed that the Chinese population 
of C. cf. jerdoni (identified as Calotes sp. in Che et al. 
2020, from the type locality of its junior synonym C. 
yunnanensis, is paraphyletic with respect to the Myan-
mar population of C. jerdoni. This result raised questions 
on the previous synonymy between C. yunnanensis and 
C. jerdoni by Smith (1935). Similar results were shown 
by Boruah et al. (2022), where the Chinese population 
of C. cf. jerdoni is paraphyletic with respect to both 
western Myanmar and Indian populations of C. jerdoni. 
Moreover, because the currently recognized populations 
of C. cf. jerdoni from southwestern China and western 
Myanmar are both allopatric with respect to true C. jer-
doni, separated by the Chin Hills and Central Dry Zone 
of Myanmar—geographic features known to be barriers 
for agamids (e.g., Ptyctolaemus, Schulte et al. 2004 and 
the Calotes versicolor group, Vindum et al. 2003), —
and given that the western Myanmar population showed 
considerable genetic divergences with respect to Indian 
topotypic population (Boruah et al. 2022), it is likely 

that C. jerdoni as currently known, also contains cryp-
tic lineages, and the validity of C. yunnanensis warrants 
further examination. Unfortunately, no detailed morpho-
logical data of either the type or topotypic specimens 
of C. yunnanensis have ever been reported, particularly 
regarding useful scale counts used in recent taxonomic 
studies.

In relation to C. jerdoni, the taxonomy of other rec-
ognized species of the complex, namely C. maria and C. 
medogensis Zhao & Li, 1984, is also unsettled. Calotes 
maria was first described based on four syntypes from 
Afghanistan and Khassia Hill (Gray 1845), but later Bou-
lenger (1885) identified three of the four syntypes of C. 
maria as C. jerdoni, and he selected NHMUK 1946.8.1.24 
as the “type” of C. maria. This action constitutes a lecto-
type designation in accordance with Article 74.5 of the 
International Code of Zoological Nomenclature (ICZN 
1999). To date, the species is known from the lectotype 
only, and little is known about the species morphology 
other than from its original description. On the other 
hand, C. medogensis was first described based on a single 
specimen from southeastern Xizang Autonomous Region 
(= Tibet), China, and it was compared to C. nemoricola 
Jerdon, 1853 only (Zhao and Li 1984), despite its obvi-
ous resemblances to the C. jerdoni complex. Subsequent 
authors all considered C. medogensis as a valid species 
without providing any additional comparisons to mem-
bers of the C. jerdoni complex (Zhao et al. 1999; Li et 
al. 2010; Ananjeva et al. 2011; Wang et al. 2020). It was 
not until Che et al. (2020) provided the first expanded 
description of C. medogensis based on additional spec-
imens that it was done. Nevertheless, Che et al. (2020) 
only reported a few morphological characters from the 
examined specimens. While stating that C. medogensis 
resembled C. maria, however, the morphological com-
parison by Che et al. (2020) was based on data from the 
literature on C. maria, which are quite abstract. Recently, 
Boruah et al. (2022) designated a lectotype for C. jerdo-
ni and reported additional specimens of C. medogensis. 
While they compared C. jerdoni with C. medogensis, 
such a comparison was not based on the type or topotyp-
ic specimens of C. medogensis. Without examining the 
relevant type material of C. maria and C. medogensis, it 
remains difficult to obtain a comprehensive understand-
ing of the C. jerdoni complex and to statistically diagnose 
species with confidence.

Fortunately, international collaborations allow a 
broader genetic and morphological sampling across the 
range of C. jerdoni complex, including access to the type 
series and topotypic materials. Combining both mito-
chondrial DNA and morphological data, we examine the 
current taxonomic hypotheses within the C. jerdoni com-
plex from the Pan-Himalaya Region, particularly regard-
ing the validity of its junior synonym, C. yunnanensis, 
the validity of C. medogensis with respect to C. maria, 
and the taxonomic identity of the western and northern 
Myanmar population of C. cf. jerdoni.
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Materials and methods

Sampling

Voucher specimens were examined from museum collec-
tions, including type specimens of C. jerdoni, C. maria, 
C. medogensis, and C. yunnanensis; topotypes of C. jer-
doni, C. medogensis and C. yunnanensis; and specimens 
of C. cf. jerdoni from Chin and Kachin States of Myanmar 
(Fig. 1; Appendix I). Museum abbreviations are the fol-
lowing: California Academy of Sciences (CAS), Cheng-
du Institute of Biology, Chinese Academy of Sciences 
(CIB), Kunming Institute of Zoology, Chinese Academy 
of Sciences (KIZ), Zoological Survey of India (ZSI), and 
the Natural History Museum, London (NHMUK).

Phylogenetic analyses

The coding region of the mitochondrial gene ND2 from 
14 species of Calotes and representatives of other Dra-
coninae genera were obtained from GenBank (Table 1). 

Outgroup taxa (Salea, Bronchocela, and Pseudocalotes) 
were chosen based on Wang et al. (2019a; Table 1). All 
sequences were edited and aligned using MUSCLE in 
Geneious Prime v2022.2.1. The final alignment contained 
1026 bp with a sample size of 27 individuals.

Bayesian inference and Maximum Likelihood anal-
yses were conducted on the final alignment. Bayesian 
analysis was done using the program MrBayes v. 3.2.7a 
(Ronquist et al. 2012) on CIPRES. The ND2 coding re-
gion was partitioned by codon. Using JMODELTEST2 v. 
2.1.10 (Guindon and Gascuel 2003; Darriba et al. 2012), 
the best evolutionary model of nucleotide substitution 
was selected for each codon postion, which inferred the 
model GTR + Γ for all. Two independent Markov Chain 
Monte Carlo analyses were run, each with four Metropo-
lis-coupled chains, a melting temperature of 0.02, and an 
exponential distribution with a rate parameter of 25 as the 
prior on branch lengths (Marshall 2010). Each run was 
conducted with 100 million generations and sampled ev-
ery 2,000 generations, discarding the first 20% of trees as 
burn-in. Convergence of runs was confirmed with TRAC-
ER v. 1.7.0 (visual convergence and Effective Sampling 
Size>200; Rambaut et al. 2018).

Figure 1. Distribution of Calotes jerdoni complex in the Pan-Himalaya Region. Localities are based of vouchered specimens (Ap-
pendix I) and literature (Zhao et al. 1999; Yang and Rao 2008; Tshewang and Letro 2018; Lwin et al. 2021; Boruah et al. 2022). Stars 
indicate type localities, circles represent additional localities of a given species, and rectangles represent localities of potential cryptic 
species. Different colors represent different species, which include C. jerdoni (purple): (1) Khasi Hills, Meghalaya, India, (2) Kohima 
District, Nagaland, India; C. medogensis (green): (1) Medog, Nynchi Prefecture, Xizang Autonomous Region, China; (2) and (3): 
East Himalaya (see Boruah et al. 2022 for details); C. iadina sp. nov. (yellow): (1) Nat Ma Taung National Park, Min Dat District, 
Chin State, Myanmar; (2) Phalum Township, Phalum District, Chin State, Myanmar; C. yunnanensis (red): (1) Yingjiang County, 
Yunnan Province, China, (2) Putao District, Myanmar; and (3) Khandi District, Sagaing Division, Myanmar; and possible unde-
scribed species (black). Possible undescribed species are presented, including: Mongar (1), Lhuentse (2), and Langthel (3) in Bhutan.
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Maximum Likelihood analysis was conducted using 
RAxML-VI-HPC v. 8.2.10 (Stamatakis 2014). The most 
complex model (GTR + Γ) was applied to all partitions, 
with 1,000 replicate Maximum Likelihood inference 
runs. We initiated each inference with a random start-
ing tree and assessed nodal support with 1,000 bootstrap 
pseudoreplicates (Stamatakis et al. 2008). Finally, uncor-
rected genetic pairwise distances (p-distances) were ob-
tained for the coding region of ND2 (1026 bp, including 
<31 bp of missing data) using PAUP v. 4.0b10 (Swofford 
and Sullivan 2003). Nodal support of 70/0.95 or higher 
for RAxML bootstrap/Bayesian posterior probability, re-
spectively, were considered as strongly supported (Hillis 
and Bull 1993).

Morphological characters

Morphometric data were taken using a digital caliper to 
the nearest 0.1 mm, except tail length, which was mea-
sured using a thread and a ruler to the nearest 1 mm. Mor-
phometric characters and their measurement methods 
included the following (abbreviations in parentheses): 
snout–vent length (SVL): measured from tip of snout to 
anterior edge of cloaca; tail length (TAL): measured from 
the anterior edge of cloaca lip to tip of tail; head length 
(HL): measured from tip of snout to the axis of jaw; head 
width (HW): measured as the linear distance perpendic-

ular to the longitudinal axis of lizard, at the widest point 
of the head; head depth (HD): measured vertically at the 
jaw; snout–eye length (SEL): measured between tip of 
the snout to the anterior edge of the boney orbit; tympa-
num diameter (TD): measured as the longest diameter of 
the tympanum, regardless of its direction; eye–tympanum 
distance (ETD): measured between posteroinferior edge 
of the boney orbit and anterosuperior edge of the tympa-
num; interorbital distance (IOD): measured as the linear 
distance perpendicular to the longitudinal axis at the wid-
est point between the supraciliary of each side dorsally; 
orbit diameter (OD): measured as the linear distance be-
tween the anterior most and the posterior most edge of 
boney orbit; tallest nuchal crest height (TNC): measured 
from the midpoint of the longitudinal width at the base 
to the tip of the nuchal crest scale; antebrachium–palm 
length (APL): measured from the elbow to the tip of 
fourth finger, excluding the claw; brachium length (BL): 
measured from the elbow to the limb insertion point at 
the axillary; femur length (FEL): measured from the knee 
joint to the limb insertion point at the groin; crust–foot 
length (CFL): measured from the knee joint to the tip of 
the fourth toe; finger IV length (F4L): measured from the 
base between finger III and IV to the tip of finger IV, ex-
cluding the claw; toe IV length (T4L): measured from the 
base between toe III and IV to the tip of toe IV, excluding 
the claw. Forelimb length (FLL) is calculated as the sum 
of brachium length and antebrachium–palm length, and 

Table 1. GenBank information of samples used.

GenBank Accession Number Species Voucher Locality
OP882616 Calotes jerdoni WII-ADR 999 East Khasi Hill, Meghalaya, India
OP882617 Calotes jerdoni WII-ADR 966 Dzuleke, Nagaland, India
GQ502783 Calotes iadina sp. nov. CAS 219992 Chin State, Myanmar
OP882619 Calotes medogensis WII-ADR 1211 East Himalaya
OP882618 Calotes medogensis WII-ADR 452 East Himalaya
MW133376 Calotes medogensis KIZ 07372 Medog, Xizang Autonomous Region, China
MW111455 Calotes medogensis KIZ 013861 Medog, Xizang Autonomous Region, China
MW183285 Calotes yunnanensis KIZ 014146 Yingjiang, Yunnan, China
MW183286 Calotes yunnanensis KIZ 014147 Yingjiang, Yunnan, China
MW183287 Calotes yunnanensis KIZ 014148 Yingjiang, Yunnan, China
GQ502784 Pseudocalotes kakhienensis CAS 207492 Baoshan, Yunnan, China
AF288229 Bronchocela cristatella THNC 56517 Sarawak, Malaysia
KR053124 Bronchocela shenlong LSUHC 9017 Bukit Larut, Malaysia
AF128490 Salea horsfieldii BNHS-AMB5739 Tamil Nadu, India
AF128487 Calotes mystaceus MVZ 222144 Buon Ma Thuot, Vietnam
KT952397 Calotes minor CESG 162 Gujarat, India
DQ289460 Calotes cf. emma CAS 223062 Rakhine State, Myanmar
DQ289458 Calotes chincollium CAS 220582 Chin State, Myanmar
DQ289459 Calotes chincollium CAS 215505 Chin State, Myanmar
AF128484 Calotes liocephalus WHT 1632 Knuckles, Sri Lanka
AF128486 Calotes nigrilabris WHT 1680 Sita Eliya, Sri Lanka
AF128483 Calotes ceylonensis WHT 1624 Yodaganawa, Sri Lanka
DQ289461 Calotes htunwini USNM 524044 Sagaing Division, Myanmar
AF128482 Calotes calotes WHT 1679 Navinna, Sri Lanka
AB183287 Calotes cf. versicolor NUM AZ382 Unknown
DQ289478 Calotes cf. versicolor CAS 208157 Yangon Division, Myanmar
DQ289468 Calotes irawadi CAS 204862 Sagaing Division, Myanmar

http://www.ncbi.nlm.nih.gov/nuccore/OP882616
http://www.ncbi.nlm.nih.gov/nuccore/OP882617
http://www.ncbi.nlm.nih.gov/nuccore/GQ502783
http://www.ncbi.nlm.nih.gov/nuccore/OP882619
http://www.ncbi.nlm.nih.gov/nuccore/OP882618
http://www.ncbi.nlm.nih.gov/nuccore/MW133376
http://www.ncbi.nlm.nih.gov/nuccore/MW111455
http://www.ncbi.nlm.nih.gov/nuccore/MW183285
http://www.ncbi.nlm.nih.gov/nuccore/MW183286
http://www.ncbi.nlm.nih.gov/nuccore/MW183287
http://www.ncbi.nlm.nih.gov/nuccore/GQ502784
http://www.ncbi.nlm.nih.gov/nuccore/AF288229
http://www.ncbi.nlm.nih.gov/nuccore/KR053124
http://www.ncbi.nlm.nih.gov/nuccore/AF128490
http://www.ncbi.nlm.nih.gov/nuccore/AF128487
http://www.ncbi.nlm.nih.gov/nuccore/KT952397
http://www.ncbi.nlm.nih.gov/nuccore/DQ289460
http://www.ncbi.nlm.nih.gov/nuccore/DQ289458
http://www.ncbi.nlm.nih.gov/nuccore/DQ289459
http://www.ncbi.nlm.nih.gov/nuccore/AF128484
http://www.ncbi.nlm.nih.gov/nuccore/AF128486
http://www.ncbi.nlm.nih.gov/nuccore/AF128483
http://www.ncbi.nlm.nih.gov/nuccore/DQ289461
http://www.ncbi.nlm.nih.gov/nuccore/AF128482
http://www.ncbi.nlm.nih.gov/nuccore/AB183287
http://www.ncbi.nlm.nih.gov/nuccore/DQ289478
http://www.ncbi.nlm.nih.gov/nuccore/DQ289468
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hindlimb length (HLL) is calculated as the sum of femur 
length and crust–foot length.

Pholidosis characters and their definitions are the fol-
lowing: supralabial scale count (SL): number of elon-
gated labial scales from the rostral to the rictus; infral-
abial scale count (IL): number of elongated labial scales 
from the mental to the rictus; nasal-supralabial scale 
row (NSR): number of longitudinal scale rows between 
the nasal and the first supralabial scale; canthus rostra-
lis count (CR): number of enlarged, elongated canthus 
rostralis scales along the canthal ridge from the postero-
superior nasal to and including the last supraciliary; in-
terorbital scale count (IOS): number of scales across the 
transverse straight line between the widest point of the 
orbit, perpendicular to the longitudinal line; middorsal 
crest scale count (MD): number of crest scales along the 
longitudinal axis from the head to the point right above 
cloaca; mid-body scale row around body (ABR): number 
of scale rows around the body at the mid-point between 
axillary and groin; gular scale count (GU): number of 
enlarged gular scales along the medial longitudinal axis 
from, and excluding the mental to the neck; ventral scale 
count (VN): number of ventral body scales medial longi-
tudinal axis from and excluding the last gular scale to the 
last ventral scale anterior to the cloaca; finger IV lamellae 
scale count (F4S): number of subdigital lamellae scales 
from the base between finger III and IV to the tip of finger 
IV, excluding the claw; and toe IV lamellae scale count 
(T4S): number of subdigital lamellae scales from the 
base between toe III and IV to the tip of toe IV, exclud-
ing the claw. Additionally, the following morphological 
characters were examined: gular scale shape (GulShp), 
defined as with elongated tips vs. without tips; neck scale 
orientation (NekOrn), defined as vertically or near verti-
cally (greater than 60° angle) oriented vs. obliquely ori-
ented (less than 60°); axillary scale orientation (AxlOrn), 
size of the mental relative to the first pair of chin shields 
(MntChnsld), dorsolateral color patterns (DrslClrPat), 
and nuchal crest length (NucL). Terms for coloration fol-
lowed Köhler (2012).

Statistical analyses of morphological 
data

All statistical analyses were conducted using R Core 
Team (2018). These analyses considered both sexes of 
four species of the C. jerdoni complex (namely C. jerdo-
ni, C. medogensis, C. yunnanensis, and the putative new 
species). Calotes maria were not included in the analy-
ses due to limited sample size. A student t-test revealed 
sexual dimorphism in most morphometric characters and 
some meristic characters. As such, males and females 
were analyzed separately. A Levene’s test for the normal-
ized morphometric and meristic characters was conduct-
ed to test for equal variances across all groups. Charac-
ters with equal variances were analyzed by an analysis of 
variance (ANOVA) and TukeyHSD post hoc test. Those 
with unequal variances were subjected to Welch’s F-test 
and Games-Howell post hoc test (Appendix I).

Morphometric characters used in statistical analyses 
were SVL, TAL, HL, HW, HD, ETD, IOD, SEL, IN, TD, 
OD, F4L, EN, T4L, FEL, CFL, HLL, BL, APL, FLL, and 
TRL. In order to most successfully remove the effects of 
allometry (Chan and Grismer 2022), size was normalized 
using the following equation: Xadj = log(X)-β[log(SVL)-
log(SVLmean)], where Xadj = adjusted value; X = 
measured value; β = unstandardized regression coeffi-
cient for each population; and SVLmean = overall aver-
age SVL of all populations (Thorpe 1975, 1983; Turan 
1999; Lleonart et al. 2000), accessible in the R package 
GroupStruct (available at https://github.com/chankinonn/
GroupStruct). The morphometrics of each species were 
normalized separately and then concatenated so as not to 
conflate potential intra- with interspecific variation (Reist 
1968; McCoy et al. 2006). All data were scaled to their 
standard deviation to ensure they were analyzed based on 
correlation and not covariance.

Meristic characters analyzed were GU, MD, VEN, 
ABR, F4S, and T4S. Categorical characters for which 
there was complete coverage for both sexes across all tar-
get species were gular scale shape (GulShp), neck scale 
orientation (NekOrn), axillary scale orientation (AxlOrn), 
size of mental relative to first pair of chin shields (Mn-
tChnsld), dorsolateral color patterns (DrslClrPat), and nu-
chal crest length (NucL). Sample size for male C. medo-
gensis was small (N = 2) so any results from the ANOVA 
regarding that species should be viewed with caution.

Morpho-spatial clustering and positioning among the 
species/populations was analyzed using multiple factor 
analysis (MFA) on a concatenated data set comprised 
of six meristic characters, 20 normalized morphometric 
characters, and six categorical characters (Appendix II). 
For this non-parametric multivariate test, it was not nec-
essary to remove the male C. medogensis population. The 
MFA was implemented using the “mfa()” command in 
the R package FactorMineR (Husson et al. 2017) and vi-
sualized using the Factoextra package (Kassambara and 
Mundt 2017). MFA is a global, unsupervised, multivari-
ate analysis that incorporates qualitative and quantitative 
data (Pagès 2015) simultaneously, making it possible to 
analyze different data types in a nearly total evidence en-
vironment. In an MFA, each individual is described by a 
different set of variables (i.e., characters) which are struc-
tured into different data groups in a global data frame—in 
this case, quantitative data (i.e., meristics and normalized 
morphometrics) and categorical data (i.e., scale, tubercle, 
and caudal morphology). In the first phase of the analysis, 
separate multivariate analyses are carried out for each set 
of variables—principal component analyses (PCA) for 
each quantitative data set and a multiple correspondence 
analysis (MCA) for the categorical data. The data sets 
are then normalized separately by dividing all their el-
ements by the square root of their first eigenvalue. For 
the second phase of the analysis, these normalized data 
sets are concatenated into a single matrix for a final glob-
al PCA of the normalized data. Standardizing the data in 
this manner prevents one data type from overleveraging 
another. In other words, the normalization of the data in 
the first phase prevents data types with the most number 

https://github.com/chankinonn/GroupStruct
https://github.com/chankinonn/GroupStruct
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of characters or the greatest amount of variation from out-
weighing other data types in the second phase. This way, 
the contributions of each data type to the overall variation 
in the data set are scaled to define the morphospatial dis-
tance between individuals as well as calculating each data 
type’s contribution to the overall variation in the analysis 
(Pagès 2015; Kassambara and Mundt 2017).

A non-parametric permutation multivariate analysis of 
variance (PERMANOVA) from the vegan package 2.5-3 
in R (Oksanen et al. 2020) was used to determine if the 
centroid locations and group clustering of each species/
population in the MFA were statistically different from 
one another (Skalski et al. 2018). The analysis was based 
on the calculation of a Gower (dis)similarity matrix us-
ing 50,000 permutations based on the loadings of the first 
four dimensions of the MFA. A pairwise post hoc test 
calculates the differences between all combinations of 
population pairs, generating a p-value, a Bonferroni-ad-
justed p-value, and a pseudo-F ratio (F statistic). A value 
of p < 0.05 is considered significant and larger F statistics 
indicate more pronounced group separation. A rejection 
of the null hypothesis (i.e., centroid positions and/or the 
spread of the data points, i.e., clusters, are not different 
from random) signifies a statistically significant differ-
ence between species/populations.

Results

Molecular results

The C. jerdoni complex was recovered as a monophyletic 
group within the genus Calotes (bootstrap support 100/
Bayesian posterior probability 1.00, herein abbreviated in 
this order; Fig. 2). The topotype of C. jerdoni and the in-
dividual from Nagaland were recovered as monophyletic 
with strong support (100/1.00), and sister to the individ-
ual from western Myanmar with low support (62/0.62). 
Individuals from southwestern Yunnan and C. medogen-
sis formed sister clades (100/1.00), with strong support 
(89/1.00) (Fig. 2).

The topotypic C. jerdoni showed considerable genetic 
divergence from the western Myanmar individual based 
on 1026 bp of ND2 coding region (11.6%). Moreover, the 
Yunnan individuals also showed considerable genetic di-
vergence from topotypic C. medogensis (14.0–14.2%) but 
minimal divergence among themselves (0.1–1.4% among 
Yunnan individuals; 0.1% among topotypic C. medogen-
sis; Table 2).

Figure 2. Mitochondrial genealogy of Calotes jerdoni complex derived from ND2 dataset using Bayesian and Maximum Likelihood 
methods. Bayesian posterior probabilities were mapped on the Maximum Likelihood topology, where the unresolved polytomy were 
noted as “–”. Each sequence name is formatted as GenBank succession number followed by its associated voucher number. The color 
of major clades of C. jerdoni correspond to those used in Figure 1. The inserted image of C. medogensis was taken by Jian Wang. 
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Morphological results

The females from the Nat Ma Taung National Park in 
Myanmar plotted separately in the MFA with the cate-

gorical and morphometric data contributing most to the 
total inertia (42.0%) of dimension 1, categorical data con-
tributing most to the total inertia (20.6%) of dimension 
2, and meristic and categorical data contributing most to 

Table 2. Uncorrected genetic distances (in unit of %) of members of the Calotes jerdoni complex and selected congeners based on 
1023 bp of ND2 coding region.

Species   1   2   3   4   5   6  7   8   9  10 11
1 C. mystaceus AF128487 —
2 C. jerdoni topotype OP882616 25.6 —
3 Calotes iadina sp. nov. GQ502783 25.9  11.6 —
4 C. medogensis topotype MW133376 24.6  14.7  14.3 —
5 C. medogensis topotype MW111455 24.6 14.6 14.2 0.1 —
6 C. yunnanensis topotype MW183287 24.3  15.1 14.5 14.1 14.0 —
7 C. yunnanensis topotype MW183285 24.5  14.7 14.2 14.2 14.1 1.4 —
8 C. yunnanensis topotype MW183286 24.5 14.8 14.1 14.1 14.0  1.3 0.1 —
9 C. liocephalus AF128484 23.7 21.7 21.0 22.1  22.2 22.8 22.6 22.5 —
10 C. ceylonensis AF128483 23.4 21.7 22.3 23.5 23.4  23.8 23.7 23.6 18.3 —
11 C. nigrilabris AF128486 23.0 22.9 23.9 23.5 23.4 22.8 23.0 23.0 17.2 16.5 —

Figure 3. Female and male MFA plots of the four target species and bar plots of the percent contribution of each data type to Dim 
1–3 of the MFA. The percentage score at the top of each bar plot is the percent contribution of that dimension to the overall variation 
in the data set. The red dotted lines in the bar plots represent the mean percentage values.

http://www.ncbi.nlm.nih.gov/nuccore/AF128487
http://www.ncbi.nlm.nih.gov/nuccore/OP882616
http://www.ncbi.nlm.nih.gov/nuccore/GQ502783
http://www.ncbi.nlm.nih.gov/nuccore/MW133376
http://www.ncbi.nlm.nih.gov/nuccore/MW111455
http://www.ncbi.nlm.nih.gov/nuccore/MW183287
http://www.ncbi.nlm.nih.gov/nuccore/MW183285
http://www.ncbi.nlm.nih.gov/nuccore/MW183286
http://www.ncbi.nlm.nih.gov/nuccore/AF128484
http://www.ncbi.nlm.nih.gov/nuccore/AF128483
http://www.ncbi.nlm.nih.gov/nuccore/AF128486
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the total inertia (14.3%) of dimension 3 (Fig. 3). The 
PERMANOVA analysis recovered the morphospatial 
position of the Nat Ma Taung National Park females 
being statistically different from the positions of the 
females of C. jerdoni, C. medogensis, and C. yunnan-
ensis (Appendix I). The ANOVA analyses recovered 
the female population from Nat Ma Taung National 
Park as having significantly different mean values for 
several characters from all other species (Appendix 
II).

The males from the Nat Ma Taung National Park 
in Myanmar plotted separately in the MFA with all 
the data types contributing nearly equally to the total 
inertia (42.4%) of dimension 1, morphometric data 
contributing most to the total inertia (22.4%) of di-
mension 2, and categorical data contributing most to 
the total inertia (12.7%) of dimension 3 (Fig. 3). The 
PERMANOVA analysis recovered the morphospatial 
position of the Nat Ma Taung National Park males 
being statistically different from the positions of the 
males of C. jerdoni, C. medogensis, and C. yunnanen-
sis (Appendix III). The ANOVA analyses recovered 
the male population from Nat Ma Taung National 
Park in Myanmar as having significantly different 
mean values for several characters from all the other 
species (Appendices IV, V).

Morphological comparisons

The western Yunnan population of C. cf. jerdoni is 
morphologically identical to the northern and eastern 
Myanmar population (Table 3). For the remaining 
populations, while overall similar, different clades 
of C. jerdoni complex show statistically significantly 
distinct morphological characters that can be readily 
differentiated (Appendix V). Specifically, the original 
syntype series and topotypes of C. jerdoni can be dif-
ferentiated from the remaining members of the com-
plex by having axillary scales oriented straight pos-
teriorly or posterosuperiorly at an angle less than 60° 
(vs. axillary scales oriented vertically or near verti-
cally); and from the Yunnan /the northern and eastern 
Myanmar populations and C. medogensis by having 
larger and fewer gular scales along central midline 
(GU larger, 16–19 vs. smaller, > 20) and by having 
a distinctively elongated tip of each gular scale (vs. 
short or no elongated tip; Fig. 4).

The western Yunnan/northern and eastern Myan-
mar populations are morphologically most similar 
to C. medogensis, but they can still be differentiated 
by having longitudinally oriented keels on the head 
scales posterolateral to parietal scale (vs. transversely 
oriented), longer nuchal crests (TNC 14.8–21.2% vs. 
5.2–15.7%), larger mental scale relative to the chin 
shields (vs. smaller or barely equal sized), and more 
distinctively keeled gular scales, particularly on pos-
terolateral region (keel extending across the entirety 
individual scale vs. only extending across posterior 
half or less; Fig. 4).Ta
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Calotes medogensis can be readily diagnosed from 
C. maria by a combination of morphological characters, 
including the presence of a shoulder fold (vs. absence), 
larger and fewer gular scales (GU 20–25 vs. 31), crest 
scales (MD 39–42 vs. 52), and dorsal and ventral body 
scales (ABR 54–60 vs. 67; VEN 57–61 vs. 75). Further-
more, C. medogensis differs from C. maria by having a 
tympanum that is farther away from the parallel ridges of 
the head (1 or 2 scales away vs. 3 or 4 scales), transverse-
ly oriented keels on the head scales posterolateral to pa-
rietal scale (vs. longitudinally oriented) and by having a 
different shape and size of the scales on the parallel ridges 
(posteriormost few scales slightly enlarged and in conical 
shape vs. distinctively elongate into spine shape) (Fig. 4).

Given the considerable genetic divergences, monophy-
letic nature, and conservative morphological diagnoses, 
we consider the Yunnan/northern and eastern Myanmar 
population and the western Myanmar populations of C. 
cf. jerdoni as two distinct species. As the Yunnan/northern 
and eastern Myanmar population has an available junior 
synonym, C. yunnanensis, we resurrect this synonym as 
a valid nomen for this species. For the western Myanmar 
population, we describe it as a new species. Additional-
ly, with the clear morphological differentiation, our data 
support C. medogensis as a valid species with respect to 
C. maria, and we redescribe both species based on type 
material.

Taxonomic accounts

The following four species are diagnosed as members of 
the C. jerdoni complex by having (1) two parallel rows of 
conical/spinous scales from the posterior of the eye to the 
temporal region of the head, with a superior row continu-
ing from the supraciliaries and an inferior row from the 
posteroinferior margin of the eye, with both terminating 
in the squamosal region of head; and (2) a green dorsal 
background coloration.

Calotes jerdoni Günther, 1870

Appendix VI

Lectotype. NHMUK 1946.8.11.54, adult male from 
Khasi Hill, India.

Paralectotypes examined. NHMUK 1946.8.50., adult 
male; NHMUK 1946.8.11.49, NHMUK 1946.8.11.51, 
NHMUK 1946.8.11.53, NHMUK 1946.8.11.56, adult fe-
males. Same collection information as the lectotype.

Expanded Diagnosis. Calotes jerdoni can be diagnosed 
from members of the species complex by a combination 
of following morphological characters: (1) body size 
large, SVL 65.7–102.2 mm; (2) tail slender, long, TAL 
271.0–324.3% SVL; (3) posterior-most conical scales of 

parallel ridges of head not elongated into spine shape, 
relatively low; (4) inferior row of conical scales 1 or 2 
scales away from superior tympanum, TRD 38.4–52.5% 
TD; (5) scales posterolateral of parietal bearing longitudi-
nal keels; (6) gular scales large, 16–19 along central mid-
line, homogeneous in posteromedial region, much larger 
than ventrals; (7) gular scales strongly keeled, mucronate 
with distinct, elongated tips; (8) distinct gular pouch ab-
sent, transverse gular fold absent; (9) body scales large, 
ABR 46–53; (10) shoulder fold present, short, covered 
with granular scales underneath; (11) neck scales oriented 
straight posteriorly; (12) axillary scales oriented posteri-
orly or posterosuperiorly at an angle less than 60°; (13) 
nuchal crests relatively short, triangular shaped, differen-
tiated from dorsal crest, TNC 8.1–13.2% HL; (14) mid-
dorsal crest scale count 34–40; (15) scale rows around 
midbody 46–53; (16) ventral scale count 62–75, (17) F4S 
19–26, T4S 25–31; (18) dorsal and ventral background 
coloration Yellow Green (Color 103) to Grass Green 
(Color 110) in normal condition, can change drastically 
to dark brown to blackish red under stress; (19) Medium 
Chrome Orange (Color 75) patches present on elbows, 
knees, and ankles; and (20) Pale Pinkish Buff (Color 3) to 
Medium Chrome Orange (Color 75) dorsolateral stripes 
from neck to basal tail present in some individuals.

Calotes maria Gray, 1845

Figures 4–6; Appendix VI

Synonymy.
Calotes platyceps Blyth, 1852: 354

Lectotype. NHMUK 1946.8.11.24, adult male from “Af-
ghanistan” (see remarks on its type locality below); des-
ignated by Boulenger (1885).

Additional examined specimens. NHMUK 1870.11.29.
30a, adult male; 1870.11.29.30b, adult female; both from 
Khasia (Khasi Hill), India; NHMUK 1860.3.19.1020, 
adult female from “Afghanistan”.

Remarks on its type locality and type specimens. On 
its original description, Gray (1845) described the spe-
cies based on four specimens: three individuals (a juve-
nile, a subadult, and an adult) from “Affghanistan and a 
single half-grown individual from Khassia Hill”. Later 
Boulenger (1885) designated a male from Affghani-
stan as the “type” (= lectotype) of C. maria (NHMUK 
1946.8.11.24), and he identified two of the young male 
syntypes of C. maria as C. jerdoni.

Based on Blyth (1853), the initial syntypes of C. ma-
ria, along with other species of the genus Calotes, were 
collected by Dr. Griffith and later handled by the East 
India Company before donating them to the Natural His-
tory Museum. Blyth (1853) suspected that those speci-
mens from “Affghanistan” (= Afghanistan) and “Khassia 
Hills” (= Khasi Hill) were mixed during the handling by 
the East India Company. As the tropical species C. ma-
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Figure 4. Morphological comparison among C. jerdoni (A) (NHMUK 1946.8.11.54), C. iadina sp. nov. (B) (CAS 219992), C. yun-
nanensis (C) (KIZ 014148), and C. medogensis (D) (KIZ 019546), and C. maria (NHMUK 1946.8.11.24), showing characteristics 
of the gular scales (1) and axillary scales (2). Photos by V. Deepak and Kai Wang.
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ria certainly cannot survive in desert or cold highlands of 
Afghanistan, and given Afghanistan is zoogeographically 
distinct from northeast India, the type locality of C. maria 
was certainly mistaken as Afghanistan and should be re-
placed by “Khassia Hills”, which refers to the Khasi Hill 
in Meghalaya State, Northeast India.

Remarks on the “synonym” C. platyceps. First de-
scribed in 1852, C. platyceps was described in a short, 
rather simple description without a clear statement re-
garding its type specimen. Later, based on specimens 
collected from Khasi hills, Jerdon (1870) identified his 
specimens as C. platyceps and added a diagnosis of C. 
platyceps against C. maria, including a smaller body size, 
larger and fewer gular and body scales, and a narrow-
er distance between supratympanic crest and the upper 
edge of tympanum. While the diagnosis of “C. platyceps” 
described by Jerdon (1870) matches the diagnosis of C. 
jerdoni, they were not based on the type specimen of C. 
platyceps. Subsequently, Boulenger (1885) without ex-

planation, considered C. platyceps a junior synonym of 
both C. maria and C. jerdoni—a taxonomic treatment 
followed by subsequent authors (Boulenger 1890; Smith 
1935; Che et al. 2020; Uetz et al. 2023).

Although the presence of a supratympanic crest on 
each side of the head aligns C. platyceps with the C. jer-
doni complex, based on the limited information in the 
original morphological description, it is impossible to 
confirm whether C. platyceps represents a junior syn-
onym of C. maria or C. jerdoni. As the type specimen of 
C. platyceps cannot be located, and since the original de-
scription of the species provides little useful information 
on its taxonomic identity, we treat the name C. platyceps 
as a nomen dubium. As such, the name is nomenclaturally 
still available, but it has no bearing on the taxonomic and 
nomenclatural decisions made here. 

Diagnosis. Calotes maria can be diagnosed from its 
congeners by a combination of following morphological 
characters: (1) body size large, SVL 101–117.5 mm; (2) 

Figure 5. Lectotype of Calotes maria (NHMUK 1946.8.11.24), showing dorsal (A), ventral (B), lateral head (C), ventral head (D), 
dorsal head (E), and axillary region (F). Photos by V. Deepak.

Figure 6. Non-vouchered individuals of Calotes maria in life, showing an adult (A) from Royal Manas National Park and a juvenile 
(B) from Garo Hill, Meghalaya. Photos by Abhijit Das.
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tail slender, long, TAL 318.3–323.9% SVL; (3) posteri-
or-most conical scales of parallel ridges of head distinc-
tively elongated into spine shape, about same length as 
longest nuchal crest; (4) inferior row of conical/spinous 
scales 4 scales away from superior tympanum; (5) dorsal 
head scales posterolateral of parietal bearing longitudinal 
keels; (6) mental smaller than first pair of chin shields; (7) 
gular scales count 27–31, homogeneous in posteromedial 
region, much larger than ventrals, mucronate with dis-
tinct, moderate-lengthed tips; (8) body scales small, ABR 
58–67; (9) distinct gular pouch absent, transverse gular 
fold absent; (10) shoulder fold absent; (11) neck scales 
oriented posterosuperiorly; (12) axillary scales oriented 
posterosuperiorly at an angle less than 60°; (13) nuchal 
crests long, elongated, lanceolate-shaped, differentiated 
from dorsal crest, TNC 17.6–24.0% HL; (14) middorsal 
crest scale count 47–52; (15) ventral scale count 63–76, 
(17) F4S 23–28, T4S 28–32; (18) dorsal background 
coloration Pratt’s Payne’s Gray (Color 293) to Sky Blue 
(Color 192) under long-term preservation, ventral Par-
is White (Color 139); and (19) short, Pale Pinkish Buff 
(Color 3) to Yellow Ocher (Color 14), oblique stripes 
present on dorsum, similar colored patches present on tail 
base.

Redescription of the lectotype. Large sized Calotes, 
SVL 101.0 mm; body not compressed dorsally, lachry-
miform in cross-section; tail swollen at base, long, TAL 
322 mm, 318.8% SVL. Limbs slender, forelimb 52.7 
mm, 52.2% SVL; hindlimb 69.8 mm, 69.1% SVL. Ros-
tral rectangular, bordering four small scales excluding su-
pralabials; supralabials 10/11, feebly keeled posteriorly; 
nasal elongated oval, bordering second supralabial, 6/7 
scales away from orbit circle; loreals distinctively keeled, 
each bearing single keel; canthal ridge distinct, canthus 
rostralis scales 10/10, elongated except anterior most 
two, supraciliaries only slightly overlapping, overlapping 
length less than half of scale length; suborbital scale rows 
3/3, about equal size, each scale bearing single, distinct, 
inferior-located lateral keel. Distinctively protruding, en-
larged keeled scales each bearing multiple keels aligned 
in two parallel lateral ridges: superior row continuing 
from posterior most supraciliary to superior squamosal 
head, consisting 8 raised scales, anterior-most 2 and 4 
scales conical on left and right, respectively, remaining 
6 and 4 much more elongated into spikes; inferior row 
two small scales away from posterior mid orbit to inferior 
squamosal head, consisting 12/10 scales, anterior-most 
5 sub-pyramidal or conical, remaining posterior scales 
elongated into spikes. Inferior one of parallel ridges four 
small scale rows away from anterior tympanum. Tym-
panum exposed, round, TD 10.5% HL; no post orbital 
spikes, posterosuperior tympanic and temporal spikes 
present, which are located on parallel ridges. Dorsal head 
scales heterogeneous in size and shape, slightly larger 
above eyes, distinctively smaller on temporal, moderately 
keeled, each bearing single keel; enlarged scales arranged 
in Y-shape three scales posterior to rostral along longitu-
dinal midline, with posterior most scale on stem of “Y” 
figure largest; 17 scales transversely across dorsal head 

between and excluding supraciliary at widest point; pari-
etal scale elongated, narrow, parietal eye present; scales 
posterolateral of parietal bearing longitudinal keels.

Except scales anterior to shoulder, all dorsal body 
scales broad triangular shaped, regularly arranged, imbri-
cate, mostly homogeneous, weakly keeled; neck scales 
oriented posterosuperiorly; axillary scales oriented pos-
terosuperiorly; remaining lateral and superior body scales 
oriented posterosuperiorly, inferolateral body scales more 
distinctively keeled, oriented straight posteriorly or infer-
oposteriorly; midbody scale row around body 67. Nuchal 
crest 13, distinctively elongated into spikes, much taller 
than remaining dorsal crests, tallest one 5.6 mm in height, 
19.5% HL; dorsal crests much lower, curving posteriorly; 
mid-dorsal crest scale count 52 anterior to cloaca; shoul-
der fold absent. Scales of dorsal limbs more or less homo-
geneous, keeled. Dorsal tail scales homogeneous, feebly 
keeled or smooth anteriorly, more distinctively keeled 
posteriorly.

Mental spear-shaped, enclosed by and smaller than 
first pair of chin shields; chin shields feebly keeled, larger 
than nearby gulars, 5/6, anterior most 3/2 in contact with 
infralabials on each side, remaining ones separated by 
one or two rows of small scales; infralabials 10/10, more 
distinctively keeled than supralabials; gular scales all dis-
tinctively keeled; anterior gulars smaller, juxtaposed, var-
ious in shape and size; remaining posterior gular scales 
larger, similar size to dorsals, rhomboid shaped, imbricat-
ed, mucronate with moderate-length tip on posterior end 
of each gular; post mental gular scales 30 along medial 
line. Ventral body cut open from chest to pelvis, ventral 
scales imbricated, slightly smaller than larger gulars, dis-
tinctively keeled, carinated, ventral scale count 76 along 
medial axis from neck to cloaca. Ventral limb scales ho-
mogeneous in size, more distinctively keeled than dorsal 
limb scales; subdigital lamellae 27/28 under finger IV, 
32/32 under toe IV. Tail scales distinctively keeled, cari-
nated (ventral tail cut open at base).

Calotes medogensis Zhao & Li, 1984

Figures 4, 7, 8, Table 3; Appendix VI

Holotype. CIB 1477/8380177, adult male from Yarang, 
Medog County, Nyingchi Prefecture, Xizang Autono-
mous Region, China.

Additional examined specimens. KIZ 014003, 019546, 
adult females; KIZ 013861, subadult female; all from 
Beibeng, Medog County, Nyingchi Prefecture, Xizang 
Autonomous Region, China.

Referred specimens. WII-ADR 1211, WII-ADR 452, 
both adult females from the East Himalaya (Boruah et 
al. 2022).

Diagnosis. Calotes medogensis is diagnosed from con-
geners by a combination of the following characters: (1) 
body size large SVL 75.7–95.9 mm; (2) tail slender, long, 
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TAL 286.7–326.1% SVL; (3) conical scales forming 
two parallel ridges from posterior eye to temporal head, 
posterior most 3–5 scales of superior ridge distinctively 
raised and conical, but not elongated into spikes; (4) in-
ferior ridge of conical scales 2–3 scale-rows away from 
superior tympanum, TRD 36.9–63.2% TD; (5) dorsal 
head scales posterolateral of parietal bearing transverse 
keels; (6) mental smaller than first pair of chin shields; (7) 
gular scale count 20–25 along central medial line, larger 
than ventrals, mucronate with feeble tips; (8) gular scales 
keeled, but keel often extending less than ½ of scale 
length on posterolateral region; (9) gular pouch present in 
life, weakly developed, but absent after preservation; (10) 
transverse gular fold absent; (12) shoulder fold present, 
short, covered with granular scales underneath; (13) nu-
chal crests relatively short, lanceolate shape, dorsal crests 
moderately developed, TNC 5.2–7.3% HL in males, 
10.3–15.7% in females; (14) neck scales oriented pos-
terosuperiorly, larger than ventrals; (15) axillary scales 
oriented near vertically; (16) middorsal crest scale count 
37–42, (17) scale rows around midbody 53–60; (18) ven-
tral scale count 57–65; (19) F4S 25–29, T4S 30–34; (20) 
dorsal and ventral background coloration Yellow Green 
(Color 103) to Grass Green (Color 110) in normal con-
dition, can change drastically to dark brown to blackish 
under stress; (21) region underneath shoulder fold Dark 
Carmine (Color 61) to Poppy Red (Color 63); (22) white 
to Medium Paris White (Color 140), narrow, oblique 
streaks present on lateral dorsum, running anterosuperi-
orly to posteroinferiorly, each streak formed by a single 
row of scale.

Redescription of holotype. Medium sized Calotes, SVL 
75.7 mm, body not compressed dorsally, lachrymiform in 
cross-section; tail complete, swollen at base, long, TAL 
217 mm, 286.7% SVL. Limbs slender, forelimb 42.0 mm, 
55.4% SVL; hindlimb 59.2 mm, 78.2% SVL. Rostral 

rectangular, bordering six small scales excluding supral-
abials; supralabials 11/11, feebly keeled posteriorly; nasal 
elongated oval, bordering second supralabial, six scales 
away from orbit circle; loreals distinctively keeled, each 
bearing single longitudinal keel; canthal ridge distinct, 
canthus rostralis scales 10/11, elongated except posterior 
most two, supraciliaries only slightly overlapping, over-
lapping length one third of scale length; suborbital scale 
rows 4/4, scales about equal size, each bearing single dis-
tinct lateral keel. Distinctively protruding, enlarged keeled 
scales each bearing single lateral keel aligned laterally in 
two parallel ridges: superior row continuing from poste-
rior most supraciliary to superior squamosal head, con-
sisting of 9/10 conical scales; inferior row from posterior 
mid orbit to inferior squamosal head, consisting of 10/10 
scales, anterior five sub-pyramidal, posterior most four 
conical. Inferior ridge two small scale rows away from 
anterior tympanum. Tympanum exposed, round; no post 
orbital, posterosuperior tympanic, or temporal spikes. 
Dorsal head scales heterogeneous in size and shape, dis-
tinctively keeled, each bearing single longitudinal keel 
except ones on temporal, which bearing single transverse 
keel; enlarged scales arranged in Y-shape four scales pos-
terior to rostral along longitudinal midline, with posterior 
most scale on each opening branch of “Y” figure largest; 
17 scales transversely across dorsal head between su-
praciliary at widest point; parietal scale enlarged, spear-
shaped pointing posteriorly, parietal eye distinct; scales 
posterolateral of parietal bearing transverse keels.

Except scales beneath shoulder fold, all dorsal body 
scales broad, triangularly shaped, regularly arranged, 
imbricate, homogeneous, weakly keeled; neck scales 
oriented posterosuperiorly; axillary scales oriented verti-
cally upward; remaining lateral and superior body scales 
oriented posterosuperiorly, inferolateral body scales more 
distinctively keeled, oriented straight posteriorly; mid-
body scale row around body 46. Nuchal crest low trian-

Figure 7. Holotype of Calotes medogensis (CIB 1477/8380177), showing dorsal (A), ventral (B), lateral head (C), ventral head (D), 
dorsal head (E), and axillary region (F). Photos by Kai Wang.
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gular shaped, slightly damaged, ninth nuchal crest tallest, 
1.2 mm in height, 1.0 mm in longitudinal width at base; 
nuchal crest gradually transitioned to lower, serrated dor-
sal crest posteriorly; mid-dorsal crest scale count 40 an-
terior to cloaca; distinct shoulder fold present, short, with 
fine granular scales underneath. Dorsal scales of dorsal 
limbs homogeneous, slightly larger on distal appendag-
es, keeled. Tail scales homogeneous, feebly keeled, or 
smooth anteriorly, more distinctively keeled posteriorly.

Mental pentagonal, not enclosed by and smaller than 
first pair of chin shields; chin shields smooth anteriorly, 
feebly keeled posteriorly, slightly enlarged than nearby 
gulars, 6/6, anterior most 2 in contact with infralabials 
on each side, remaining ones separated by one or two 
rows of small scales; infralabials 11/12, feebly keeled; 
gular scales all distinctively keeled; anterior gulars small, 
juxtaposed, various in shape and size; remaining poste-
rior gular scales larger, similar size to dorsals, rhomboid 
shaped, more homogeneous, imbricated, keel of individ-
ual scale only extending less than half of scale length; 
posterior gular scales slightly mucronate with feeble 
tips; post mental gular scales 23 along medial line. Ven-
tral body scales imbricated, smaller than gulars and dor-
sals, distinctively keeled, carinated, ventral scale count 
58 along medial axis from neck to cloaca. Ventral limb 

scales homogeneous in size, more distinctively keeled 
than dorsal limb scales; subdigital lamellae 29/27 under 
finger IV, 34/31 under toe IV. Ventral tail scales distinc-
tively keeled, carinated.

Description of coloration in life. The lateral sides of 
head are uniformly Yellow Green (Color 103). The dorsal 
surface of the head is darker than lateral sides, which are 
Light Grass Green (Color 103). Lateral sides of the head 
gradually transition to Pistachio (Color 102) or Light 
Grass Green (Color 103) posteriorly to the dorsal and lat-
eral dorsum, and further inferiorly to Pale Cyan (Color 
156) on ventrolateral dorsum. The region underneath the 
shoulder fold is Dark Carmine (Color 61) to Poppy Red 
(Color 63). Most individuals have white to Medium Paris 
White (Color 140) oblique streaks that run anterosupe-
riorly to posteroinferiorly, and each streak is formed by 
a single row of scale. The ventral surfaces of the head 
and body are uniform Yellow Green (Color 103). Some 
individuals have a small patch on the knee and ankle, re-
spectively, which is Orange-Rufous (Color 56) in color.

Natural history and conservation. Calotes medogensis 
is arboreal, inhabiting tropical forests at mid to low ele-
vations, and individuals were observed sleeping on twigs 

Figure 8. Topotypic individuals of Calotes medogensis in life. KIZ 07372 (A), KIZ 014003 (B), unvouchered individuals (C–G). 
Photos by Kai Wang and Jian Wang.



Vertebrate Zoology 74, 2024, 169–192 183

and vines less than 2 m above the ground at night. Calotes 
medogensis is an insectivore, feeding on various beetles 
and other insects. Currently, the species is known from 
Medog County, Xizang Autonomous Region, China and 
the adjacent region in northeastern India (Boruah et al. 
2022). In Medog, C. medogensis is sympatric with other 
agamids such as C. paulus, Japalura andersoniana, and 
Mictopholis austeniana. Possible predation may come 
from lizard-feeding snakes such as Lycodon cf. fascia-
tus, Oligodon spp., and Ptyas nigromarginata (Che et al. 
2020). One of the voucher females (KIZ 014003) is grav-
id with 11 eggs. With no pressing threats and protection 
coverage by nature reserves in both China and India, we 
propose to list the species as Least Concern (LC) for Chi-
na’s Red List Assessment and IUCN Assessment.

Calotes iadina Wang, Deepak & Grismer 
sp. nov.

ht tps: / /zoobank.org/5BFD358A-B843-413A-B4AB-
931536B89F97

Figures 4, 9, 10, Table 3, Appendix VII

Chresonymy.
Calotes jerdoni – Zug et al. (2006: 60)

Holotype. CAS 219992, adult male from Baw Khue Plan-
tation, Nat Ma Taung National Park, Min Dat Township, 
Min Dat District, Chin State, Myanmar (21.38375°N, 
98.89886°E, elevation 1787 m).

Paratypes. CAS 219993, adult male, same collection 
information as the holotype; CAS 233207, adult female, 
from Chun Kyone, Haka Township, Chin State, Myanmar 
(22.77231°N, 93.56411°E, elevation 1705 m) on July 15, 

2003; CAS 233229, 233233, 233235, adult males; CAS 
233232, 233234, adult females, all from Falam Town-
ship, Chin State, Myanmar (22.81439°N, 93.55752°E, 
elevation 1630 m), collected on July 18, 2003.

Etymology. The species name iadina is derived from 
Greek, which means “emerald” and refers to the bright 
green coloration of the new species.

Diagnosis. Calotes iadina sp. nov. can be diagnosed by 
a combination of the following morphological characters: 
(1) body size large, SVL 63.2–102.5 mm; (2) tail slen-
der, long, TAL 293.9–367.9% SVL; (3) conical scales of 
two parallel ridges triangular shaped, relatively low, not 
in spine shape; (4) inferior row of conical scales 2–3 scale 
rows away from superior tympanum, TRD 14.8–28.8% 
TD; (5) mental larger than first pair of chin shields; (6) gu-
lar scale count 16–19, much larger than ventrals, strongly 
keeled, mucronate, each bearding a distinctively elongat-
ed tip on posterior end; (7) gular pouch feeble or absent, 
transverse gular fold absent; (8) shoulder fold present, 
covered with granular scales underneath; (9) nuchal crests 
relatively short, lanceolate shape, TNC 8.27–13.3% HL, 
dorsal crests moderately developed; (10) neck scales ori-
ented posteriorly or posterosuperiorly; (11) axillary scales 
oriented vertically or near vertically; (12) dorsal body 
scales keeled, oriented posterosuperiorly, larger than ven-
trals; (13) middorsal crest scale count 39–43, (14) scale 
rows around midbody 48–53; (15) F4S 22–27, (16) T4S 
27–33; (16) dorsal and ventral background coloration 
Yellow Green (Color 103) to Grass Green (Color 110) 
in normal condition, can change drastically to brownish 
to blackish under stress; (17) shoulder fold Pale Neutral 
Gray (Color 296) to Jet Black (Color 300); (18) white to 
Pale Pinkish Buff (Color 3) patches sometimes present on 
elbows, knees, and ankles, and same colored dorsolateral 
stripes sometimes present from neck to base of tail.

Figure 9. Holotype of Calotes iadina sp. nov. (CAS 219992), showing dorsal (A), ventral (B), lateral head (C), ventral head (D), 
dorsal head (E), and axillary region (F). Photos by Kai Wang.

https://zoobank.org/5BFD358A-B843-413A-B4AB-931536B89F97
https://zoobank.org/5BFD358A-B843-413A-B4AB-931536B89F97
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Comparisons. The new species can be diagnosed from all 
congeners other than members of the C. jerdoni complex 
by having two parallel rows of conical or spinous scales 
on temporal region of the head (vs. absence). Within the 
C. jerdoni complex, C. iadina sp. nov. is most similar to 
C. jerdoni, but it differs from the latter by having vertical 
or near vertical orientation of axillary scales (vs. most-
ly oriented posteriorly or slightly upward, with an angle 
less than 60°; Fig. 4) and larger and fewer ventral scales 
(48–54 vs. 62–75). Moreover, the ANOVA analyses cor-
roborated this statistical difference, recovering varying 
numbers of significantly different mean values between 
C. iadina sp. nov. and C. jerdoni, in which females of the 
new species differ from the females of C. jerdoni in hav-
ing significantly different mean values head width (HD), 
interorbital distance (IOD), middorsal crest scale length 
(MD), tympanum diameter (TD), finger IV length (F4L), 
and orbital diameter (OD) (Appendix V). Males of C. ia-
dina sp. nov. differ significantly from males of C. jerdoni 
in head length (HD), interorbital distance (IOD), tympa-
num diameter (TD), toe IV length (T4L), femur length 
(FEL), ventral scale count (VN), and orbital diameter 
(OD) (Appendix V).

For remaining species of the C. jerdoni complex, C. 
iadina sp. nov. differs from C. yunnanensis and C. me-
dogensis by having larger and fewer gular scales along 
medial central axis (16–19 vs. 23–26 for C. medogensis, 
20–23 for C. yunnanensis), presence of a distinct, elon-
gated posterior tip on each gular scale (vs. absent or much 
shorter), larger and fewer ventral body scales (VEN 48–

53 vs. 57–61 in C. medogensis, 54–62 in C. yunnanen-
sis), and greatly overlapping supraciliaries (overlapping 
half of scale length vs. less than one third). Additionally, 
C. iadina sp. nov. differs from C. yunnanensis by having 
shorter nuchal crest scales (TNC 8.3–13.3% HL vs. 14.1–
19.1%); from C. medogensis by having greatly overlap-
ping supraciliaries (overlapping more than half of scale 
length vs. less than half); and from C. maria by having 
fewer scale rows between supratympanic ridge and supe-
rior edge of tympanae (1 or 2 rows vs. >3 rows), larger 
and fewer gular scales (16–19 vs. 27–31), much shorter 
nuchal crests (TNC 8.3–13.3% HL vs. >17.6%), the pres-
ence of shoulder fold (vs. absence), and the absence of 
spike-shaped scales on posterior end of the parallel ridg-
es of the head (vs. presence). For the nomen dubium, C. 
platyceps, C. iadina sp. nov. differs by having more con-
ical scales on the supratympanic ridge (6 or 7 vs. 8 or 9) 
and by the presence of a black stripe running through the 
eyes (vs. absence).

Description of holotype. Adult male, body size medi-
um, SVL 84.5 mm, body not compressed, cross-section 
lachrymiform shaped; tail slender, long, TAL 364.0% 
SVL. Head narrow, somewhat elongate, HW 58.9% 
HL, HD 53.0% HL; jaw muscular, slightly swollen, 
HWJ 111.8% HW; snout length moderate, SEL 38.6% 
HL. Rostral rectangular, length four times height, bor-
dering five small scales excluding supralabials, single 
scale away from nasal; nasal oval, in contact with first 
two supralabials; supralabials 11/10, 3–5 feebly keeled; 

Figure 10. Type series of Calotes iadina sp. nov. in life, including the holotype (CAS 219992) (A) and paratypes [CAS 233207 (B), 
CAS 224511 (C), and CAS 219993 (D)]. Photos by Jens V. Vindum.
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loreal slightly concave, loreal scales medium in size, 
all keeled, 5–7 scales away from orbit; eye surrounded 
by fine ciliary scales; suborbital scale rows 3/3, medial 
row much enlarged; canthal ridge distinct, canthus ros-
tralis 10/11, supraciliaries overlapping about half scale 
length of consecutive ones. Two distinct ridges on tem-
poral head, parallel anteriorly but joining posteriorly on 
squamosal region; superior ridge continuous from last 
canthal rostralis, consisting 7/6 conical scale that each 
bearing single lateral keel; inferior ridge starting post 
orbit, consisting 11/10 enlarged scales, anterior most 
two on each side smooth, convex, remaining ones con-
ical, with posterior-most 2 largest and tallest, but none 
of them elongated into spikes; inferior ridges 1/2 scale 
rows away from tympana; region between two ridges 
slight concave; tympana exposed, oval, vertically orient-
ed, TD 13.3% HL, OTD 22.0% HL; jaw scales enlarged, 
distinctively keeled, mucronate, imbricate. Dorsal head 
scales weakly keeled, heterogeneous in size and shape; 
enlarged scales arranged in Y-shape, single scales poste-
rior to rostral along longitudinal midline, all about equal 
size; 14 scales transversely across dorsal head between 
supraciliary at widest point; parietal scale enlarged, nar-
row, elongated, parietal eye distinct; scales posterolateral 
of parietal bearing oblique keels.

Mental triangular, separating and much larger than 
first pair of chin shields; chin shield 8/7, first three on 
each side in direct contact with infralabials, remaining 
ones separated by single, small scale-row; first four chin 
shields smooth, remaining one each bearing single indis-
tinct lateral keel; remaining gular scales all distinctively 
keeled, imbricate, mucronate with long tips, gradually 
increasing in size posteromedially, gular scales 16 along 
central-medial line.

Dorsal body scales feebly keeled, more distinct ante-
riorly on neck and inferiorly close to ventrolateral flank, 
mostly homogeneous in size; scales on neck oriented hor-
izontally backward or obliquely upward at less than 45°; 
axillary scales smaller, oriented near vertically, which 
then gradually change to a more oblique orientation su-
periorly and posteriorly; shoulder fold present, distinct, 
with granular fine scales underneath; flank scales large, 
with minimal lateral keel on posterior tip only, imbricate 
in regular oblique rows, 45 scale rows at mid body. Crest 
distinct, nuchal crest not significantly differentiated from 
dorsal crests, lanceolate shaped, relatively short, TNC 
11.9% HL; middorsal crest scale 41, gradually reducing 
height posteriorly, crest scale height equal width from an-
terior one third of body, remaining dorsal crests longer 
than height. Dorsal scales on limbs mostly homogeneous 
in size and shape, smooth or feebly keeled, keel status 
slightly more distinct proximally on lower appendages. 
Tail swollen at base, feebly keeled on anterior one sixth 
of length, gradually increasing in keel status posteriorly 
and forming carinate rows.

Ventral body scales smaller than gulars and dorsals, 
distinctively keeled, mucronate, imbricate, forming car-
inate rows; ventral scale row 51; F4S 27/25, T4S 32/33; 
ventral limb scales more distinctively keeled; ventral tail 
scales more distinctively keeled, carinate at base.

Coloration. In life, background coloration is light grass 
green. Distinct black radial stripes are present around 
eyes, forming a transverse oriented Y-shape across eyes, 
with its opening facing posteriorly. The shoulder fold 
is black. Numerous indistinct, black, oblique transverse 
stripes are present on flank. The gular and ventral body 
are lighter and more yellowish. Two parallel rows of 
single white scales are present on ventrolateral body be-
tween axillary and groin. Under preservation, the dorsal 
background green body coloration turns into dark bluish 
gray, and the ventral color turns into light blue. 

Variation. Morphometric and pholidosis variation are 
summarized in Table 4. Additionally, all paratypes have 
more distinctly keeled scales on the dorsal surface of the 
limbs than the holotype. Two preserved female paratypes 
(CAS 233232 and 233234) possess light-gray dorsolater-
al stripes, which extend from the neck to the base of tail. 
Some individuals also have indistinct oblique transverse 
stripes (CAS 233233 and 233234). 

Natural history and conservation. Based on collection 
notes, specimens were found along a road during morn-
ing hours, although the species is likely to be arboreal. 
Some of the females were gravid, suggesting that breed-
ing occurs during July. Currently, the species is only 
known from western Myanmar along the Chin Hills, and 
no imminent conservation threat is known. The species is 
known to be capable of changing its ground color, from 
blackish brown to its original green (Fig. 9). Given the 
lack of data on habitat quality and population trend, we 
propose to list the new species as Data Deficient (DD) for 
its IUCN assessment.

Calotes yunnanensis Annandale, 1905

Figures 4, 11, 12, Table 3, Appendix II

Chresonymy.
Calotes maria – Anderson (1879: 806)
Calotes jerdoni – Pope (1935: 468–469), Smith (1935: 194–195), Zhao 

and Adler (1993: 188), Zhao and Yang (1997: 156–157), Zhao et 
al. (1999: 90–91), Yang and Rao (2008: 189), Wang et al. (2020: 
appendix), Wang et al. (2022: appendix)

Holotype. ZSI 6571, adult female from Teng-yue, west-
ern Yunnan, China.

Remarks on the type locality, gender, and measure-
ments of holotype. Most studies have considered Teng-
yue as interchangeable with the modern Tengchong Coun-
ty in Yunnan Province (Zhao and Adler, 1993), including 
the museum label of the holotype at ZSI. Although Teng-
yue includes the modern Tengchong County, they are not 
interchangeable: Teng-yue was the administrative unit of 
the Qing Dynasty and encompassed a much larger area 
west of the Gaoligong Mountains, which also includes 
modern-day Dehong Prefecture. Therefore, the type 
locality of the species should be revised as both mod-
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ern-day Dehong Prefecture and Baoshan (which include 
Tengchong County).

Annandale (1905) noted that the holotype of C. yunna-
nensis is a male. However, our examination shows it to be 
a female (e.g., no distinct bulge at base of tail as in male 
specimens such as KIZ 014148, 029968, and 039747). 
Also, in the original description, Annandale (1905) mea-
sured the head length of the holotype as 34 mm and body 
length as 65 mm, which differs greatly from our measure-
ment of head length (27.2 mm) and SVL (94.8 mm). As 
Annandale (1905) did not specify his measurement meth-
od, these differences could be explained by different mea-
surement methods.

Additional examined specimens. Topotypes: KIZ 
014148, 029968, 039747, adult males; KIZ 015993, 
014146, 014147, 030060, 50692, 034358, adult females; 
all from Yingjiang County, Dehong Prefecture, Yunnan, 
China. CAS 224511, adult male, from Nagmung Town-
ship, Putao, Kachin State, Myanmar (27.440861°N, 
97.8950278°E, 573 m); CAS 221514, adult female, from 
Naung Mon Township, Putao, Kachin State, Myanmar 
(27.44122°N, 97.91875°E, 535 m); CAS 221551, adult fe-
male, from Machanbaw Township, Putao District, Kachin 
State, Myanmar (27.28994°N, 97.858472°E, 708 m); 
CAS 245278, adult female from Lahe township, Khan-
di District, Sagaing Division, Myanmar (26.324194°N, 
95.44875°E, 900 m); CAS 245364, adult female, from 
Laung Nguk Village, Lahe Township, Sagaing Division, 
Myanmar (26.1590278°N, 95.529167°E, 833m).

Diagnosis. Calotes yunnanensis is diagnosed from con-
geners by a combination of the following characters: (1) 
body size large, SVL 73–120 mm; (2) tail slender, long, 
TAL 311.8–353.7% SVL; (3) conical scales forming two 
parallel ridges from posterior eye to temporal head, pos-
terior most 3–5 scales of superior ridge distinctively dif-
ferentiated but relatively low; (4) inferior ridge of conical 

scales 2–3 scale-rows away from superior tympanum, 
TRD 38.4–52.5% TD; (5) dorsal head scales posterolat-
eral to parietal bearing oblique or lateral keels; (6) mental 
larger or about equal to first pair of chin shields; (7) gular 
scale count 21–25 along central-medial line, equal or larg-
er than ventrals, strongly keeled, slightly mucronate, keel 
extending across entirety of each scale and elongated on 
posterior end into very short tips; (8) gular pouch present 
in life, weakly developed, but absent after preservation; 
(9) transverse gular fold absent; (10) shoulder fold pres-
ent, short, covered with granular scales underneath; (11) 
nuchal crests long, lanceolate shape, dorsal crests moder-
ately developed, TNC 14.1–21.2% HL; (12) neck scales 
and dorsal body scales weekly keeled, oriented upwards 
and backwards, larger than ventrals; (14) axillary scales 
oriented near vertically; (13) middorsal crest scale count 
38–45, (14) scale rows around midbody 51–60; (15) ven-
tral scale count 54–68; (16) F4S 26–29, T4S 31–34; (17) 
dorsal and ventral background coloration Yellow Green 
(Color 103) to Grass Green (Color 110) in normal con-
dition, can change drastically to dark brown to blackish 
under stress; (18) shoulder fold Pale Neutral Gray (Color 
296) to Brick Red (Color 36); (19) white to Pale Pinkish 
Buff (Color 3) patches present on elbows, knees, and an-
kles; and (20) Pale Pinkish Buff (Color 3) dorsolateral 
stripes from neck to basal tail present in some individuals.

Comparisons. Calotes yunnanensis can be diagnosed 
from all congeners other than members of the C. jerdoni 
complex by having two parallel rows of conical or spi-
nous scales on temporal region of the head (vs. absence) 
and by the absence of post orbital spikes (vs. presence).

For members of the C. jerdoni complex, C. yunnanen-
sis was confused with C. maria and C. jerdoni, but it can 
be diagnosed from C. maria by the presence of a shoul-
der fold (vs. absence), a shorter distance between supra-
tympanic ridge and tympanum (1–3 scales away vs. four 
or five scales); and from C. jerdoni by having a different 

Figure 11. Holotype of Calotes yunnanensis (ZSI 6571), showing dorsal (A), ventral (B), lateral head (C), ventral head (D), dorsal 
head (E), and axillary region (F). Photos by V. Deepak and Abhijit Das.
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shape of gular scales (heterogeneous in size, smaller in 
posteromedial region, without elongated tips or tips very 
short vs. homogeneous in size, with distinct, elongated 
tips), smaller gular scales and higher scale count (22–25 
vs. 16–19), and by having longer nuchal crest scales 
(TNC 14.1–19.1% HL vs. 8.1–13.2%).

Morphologically, C. yunnanensis is most similar to 
C. medogensis, but it differs from the latter by having 
obliquely or longitudinally oriented keels on scales pos-
terolateral to the parietal (vs. transversely oriented keels), 
larger mental scale relative to first pair of chin shields (vs. 
smaller), more distinctly keeled gular scales, particularly 
on posterolateral region (keel extending across the entire-
ty of each scale vs. only extending across posterior half or 
less), and by the presence of white dorsolateral stripes on 
some individuals (vs. always absent) (Fig. 4).

Description of holotype. Adult female, body size me-
dium, SVL 94.8 mm, body not dorsally compressed, 
cross-section triangular shaped; tail slender, broken. Head 
somewhat elongate, HW 63.6% HL, HD 60.4 % HL; jaw 
not distinctively swollen; snout length moderate, SEL 
44.4% HL. Rostral rectangular, length four times height, 
two scales away from nasal; nasal oval, separated from first 
supralabials by single scale; supralabials 11/10, all smooth; 
loreal region slightly concave, loreal scales medium in 
size, all keeled, 6 scales away from orbit; eye surround-
ed by fine ciliary scales; suborbital scale rows 3/3, medial 
row much enlarged; canthal ridge distinct, canthus rostralis 
10/10, supraciliaries overlapping about one third length. 
Two distinct ridges on temporal head, parallel anteriorly 

but joining posteriorly on squamosal region; anterior ridge 
continuous from last canthal rostralis, consisting 10/10 
conical scale that each bearing single lateral keel; inferior 
ridge starting post orbit, consisting 9/10 enlarged scales, 
each bearing single lateral keel; inferior ridges 3 scale rows 
away from tympana; region between two ridges slight 
concave; tympana exposed, oval, vertically oriented, TD 
12.7% HL; jaw scales enlarged, moderately keeled, slight-
ly mucronate, imbricate. Dorsal head scales weakly keeled, 
heterogeneous in size and shape; slightly enlarged scales 
arranged in Y-shape, single scales posterior to rostral along 
longitudinal midline, all about equal size; 16 scales trans-
versely across dorsal head between supraciliary at widest 
point; parietal scale enlarged, rectangular, parietal eye dis-
tinct; scales posterolateral of parietal bearing oblique keels.

Mental triangular, smaller than and separating first pair 
of chin shields; chin shields 6/7, first two on each side in 
direct contact with infralabials, remaining ones separat-
ed by one or two small scale-row; first four chin shields 
smooth, remaining one each bearing single weak lateral 
keel; remaining gular scales all distinctively keeled, im-
bricate, mucronate, some bearing single short tip, grad-
ually increasing in size posteromedially, gular scale 23.

Dorsal body scales feebly keeled, mostly homogeneous 
in size; scales on neck oriented obliquely upward at about 
45°; axillary scales smaller, oriented near vertically, which 
then gradually changing to a more oblique orientation su-
periorly and posteriorly; shoulder fold present, distinct, 
with granular fine scales underneath; flank scales large, 
mostly smooth, some with minimal lateral keel on pos-
terior tip only, imbricate in regular oblique rows, 56 scale 

Figure 12. Topotypic individuals of Calotes yunnanensis in life, including KIZ 014146 (A), KIZ 014148 (B), KIZ 014147 (C), and 
a non-vouchered individual (D). Photos by Yu-Fan Wang and Zheng-Pan Duan.
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rows at mid body. Crest distinct, nuchal crest not signifi-
cantly differentiated from adjacent dorsal crests, lanceolate 
shaped, relatively long; middorsal crest scale 45, gradually 
reducing height posteriorly. Dorsal scales on limbs mostly 
homogeneous in size and shape, smooth or feebly keeled, 
keel status slightly more distinct proximally on lower ap-
pendages. Tail not swollen at base, broken in four sections, 
scales feebly keeled on anterior part, gradually increasing 
in keel status posteriorly and forming carinate rows.

Ventral body scales smaller than gular and dorsals, dis-
tinctively keeled, mucronate, imbricate, forming carinate 
rows; ventral scale row 58; ventral scales of limbs more 
distinctively keeled. Limbs slender, partially broken at 
elbow and knee joints.

Coloration. The holotype is nearly uniform light-gray, 
with the temporal region slightly darker, and the ventral 
surface paler. For newly collected specimens, the color-
ation in life varies drastically based on the mood and sta-
tus of the lizards. The background coloration of dorsal 
and lateral surfaces ranges from Cinnamon (Color 255) 
to bright Pistachio (Color 102). Some individuals possess 
Light Buff (Color 2) dorsolateral stripes from the neck to 
the anterior one third of tail, some Light Buff (Color 2) 
or Clay Color (Color 18) oblique stripes on dorsum, and 
others are uniformly colored with no ornamentation pat-

terns. All individuals possess Light Buff (Color 2) patch-
es on limb joints, either on elbows, knees, ankles, or any 
combination of thereof. The palate and buccal mucosa are 
Jet Black (Color 300), but the gums and the tongue are 
Pink (Color 242).

Natural history, distribution, and conservation. Current-
ly, C. yunnanensis has been recorded from the southwestern 
Yunnan Province of China and Sagaing and Kachin States 
of Myanmar. It likely inhabits northern Shan State in Myan-
mar as well. Anderson (1879) speculated that C. yunnanen-
sis (identified as C. maria at the time) is less arboreal than 
C. versicolor and C. emma, because the collecting site was 
mostly deforested. However, based on our field observa-
tions, we found this is not true: C. yunnanensis is highly 
arboreal, and individuals were found inhabiting well-for-
ested tropical and subtropical regions in Southwest Yunnan.

In China, although the habitat of C. yunnanensis is 
well-protected by nature reserves, it has very restricted 
range, and has been targeted by domestic illegal pet trad-
ers (yingjiang.gov.cn, 2019). On the other hand, globally, 
C. yunnanensis has a considerable distribution range that 
consists of well-preserved habitats. Therefore, we assess 
the species as Near Threatened (NT) for China’s domestic 
Red List Assessment, and as Least Concern (LC) globally 
based on IUCN criteria.

Identification Key

To facilitate future taxonomic research, we update the diagnostic key and distribution of the recognized species of the 
C. jerdoni complex based on the results of this paper:

1	 One or two parallel ridges of conical or distinctively keeled and raised scales posterior to orbit; background color-
ation bright green in relaxed state in life......................................................................................C. jerdoni complex

1a	 No shoulder fold; tympanum 4 or 5 scale-rows away from supratympanic ridge; posterior-most 3 or 4 scales of 
parallel ridges distinctively elongated into spikes, longest one about same length as longest nuchal crest; nuchal 
crest long, narrow, TNC 17.6–24.0% HL; gular scales small, 27–31........................................................... C. maria 

	 (Meghalaya, India)
1b	 Shoulder fold present, composed of small granular scales; tympanum separated by only 1 or 2 scale rows from 

supratympanic ridge; posterior-most 3 or 4 scales of parallel ridges not distinctively elongated into spikes; nuchal 
crest mostly shorter, spikes much wider at base........................................................................................................2

2a	 Gular scales larger, more homogeneous, ≤19, with distinctively elongated tips, particularly along medial longitu-
dinal axes....................................................................................................................................................................3

2b	 Gular scales smaller, more heterogeneous, ≥20, without elongated tips or tips very short.......................................4
3a	 Axillary scales pointed posteriorly or posterosuperiorly at angle less than 60°; ventral scales smaller, ≥62; tail 

relatively shorter (average TAL/SVL 305.5% in males, 293.6% in females)............................................. C. jerdoni 
	 (Assam, Nagaland, and Meghalaya, India; possibly China [Southern Xizang Autonomous Region])
3b	 Axillary scales pointed vertically upward or posterosuperiorly at angle larger than 60°; ventral scales larger, ≤54; 

tail relatively longer (average TAL/SVL 347.6% in males, 313.6% in females)............................C. iadina sp. nov.
	 (Chin State, Myanmar)
4a	 Nuchal crest longer, TNC 13.1–21.2% HL; keels of dorsal head scales posterolateral to parietal scale obliquely or 

longitudinally oriented; mental larger or approximately equal in size to first pair of chin shields; keels of postero-
lateral gular scales nearly extending across the entire length of scale; some individuals bear distinct dorsolateral 
stripes on dorsum...............................................................................................................................C. yunnanensis

	 (Kachin State and Shan State, Myanmar; Yunnan Province, China)
4b. Nuchal crest short, TNC 5.2–15.7% HL; keels of dorsal head scales posterolateral to parietal scale transversely 

oriented; mental smaller than first pair of chin shields; keels of posterolateral gular scales extending less than half 
of scale length; no dorsolateral stripes on dorsum...............................................................................C. medogensis

	 (Xizang Autonomous Region, China; northeast India)
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Discussion

Distribution of Calotes in Myanmar

While recent studies have improved our understanding 
of the diversity and distribution of Calotes in Myan-
mar (Vindum et al. 2003; Zug et al. 2006; Gowande et 
al. 2021; Wagner et al. 2021), much remains unresolved 
about Calotes populations in that country. Previously, C. 
jerdoni was the only member of the C. jerdoni complex 
recorded from Myanmar (Vindum et al. 2003; Zug et al. 
2006). Based on our taxonomic revision, we confirm there 
are two species of the complex in Myanmar: C. iadina sp. 
nov. and C. yunnanensis. Specifically, C. iadina sp. nov. 
is from the Chin Hills in central western Myanmar and C. 
yunnanensis is from both the western edge of the Shan 
Plateau in eastern Myanmar and northern montane region 
in Putao. Detailed surveys are needed in the future to ob-
tain a better understanding of the fine scale distribution, 
conservation status, and general natural history of these 
two species in Myanmar.

For the recent revision of the C. mystaceus complex 
across Indochina, we follow Wang et al. (2022) and do 
not recognize the new species described by Wagner et 
al. (2021). On one hand, the mitochondrial genealogy by 
Wagner et al. (2021) failed to resolve the relationships 
among clades within the C. mystaceus complex. While 
on the other hand, the proposed morphological diagnosis 
of coloration patterns by Wagner et al. (2021) is not only 
highly variable among individuals, but colors are variable 
within the same individual based on its mood and body 
temperature. As their morphological “diagnoses” cannot 
consistently differentiate their “species”, and given the 
lack of meaningful results from their morphometric anal-
yses, we do not agree with their taxonomic treatment. Fu-
ture studies with more stringent integrative methods are 
needed to further test the current taxonomic hypotheses 
within the C. mystaceus complex in Southeast Asia.

Similar to Zug et al. (2006), our molecular phylogeny 
shows that the C. cf. emma from southwestern Myanmar 
(CAS 223060, Genbank accession number DQ289460) is 
sister to C. chincollium and paraphyletic with respect to 

C. emma from eastern Indochina. Given its minimal ge-
netic divergence from C. chincollium, we suggest it is a 
likely misidentification of C. chincollium, and the range 
of C. chincollium extends further south along the Chin 
Hills. Future studies should always verify the taxonomic 
identification of the genetic data from Genbank.

With the exclusion of the questionable species of the 
C. mystaceus complex (i.e., C. geissleri, C. goetzi, and C. 
vindumbarbatus), there are eight species of Calotes cur-
rently recorded in Myanmar (Zug et al. 2006; Platt et al. 
2018; Uetz et al. 2022; present study), including C. chin-
collium, C. emma, C. irawadi, C. htunwini, C. mystaceus, 
C. iadina sp. nov., and C. yunnanensis.

Paucity of data on recognized species 
and questionable records of “Calotes 
jerdoni” across the Pan-Himalaya
Even after this revision of the Calotes jerdoni complex, 
many recognized species still lack basic data on their 
phylogenetic position and natural history (e.g., C. ma-
ria). Additionally, multiple questionable records of “C. 
jerdoni” still exist across the Pan-Himalaya, particular-
ly in China, northeast India, and Bhutan. In China, “C. 
jerdoni” has been recorded from two provinces, namely 
Yunnan and Xizang Autonomous Region (Zhao et al. 
1999; Che et al. 2020; Wang et al. 2022). For Yunnan 
Province, “C. jerdoni” has been reported from Teng-yue 
in the southwest and Xishuangbanna in the south (Zhao 
et al. 1999; Yang and Rao 2008; Wang et al. 2022). With 
our data, we confirm that the population from Teng-yue 
in southwestern Yunnan should be replaced by the new-
ly resurrected C. yunnanensis. On the other hand, the 
voucher record from Xishuangbanna in southern Yun-
nan (CIB 605281) (Zhao et al. 1999) disagrees with the 
diagnosis of C. jerdoni complex by lacking the paral-
lel ridges of conical scales on the head (CIB 625281; 
Fig. 13), and it matches the morphological diagnosis of 
C. mystaceus complex (e.g., relatively shorter tail, pres-
ence of white lip-stripe). Therefore, all records of C. jer-
doni from Yunnan Province of China should be removed 
and updated.

Figure 13. Voucher specimen of the previous record of “Calotes jerdoni” from Xishuangbanna, southern Yunnan Province (CIB 
605281), which is a mis-identified C. mystaceus sensu lato. A dorsal view; B lateral head view. Photos by Ke Jiang.

http://www.ncbi.nlm.nih.gov/nuccore/DQ289460
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For the Xizang Autonomous Region, “C. jerdoni” has 
been reported from two localities, namely from the Ne-
pal-China border region in Zhangmu (Zhao and Adler 
1993) and from Medog County (Che et al. 2020). While 
the record from Zhangmu has been shown to represent 
a misidentified Japalura tricarinata (Schleich and Käs-
tle 2002; Wang et al. 2018; Uetz et al. 2023), the record 
from the India-China border region in Medog has been 
overlooked by most authors (Hu et al. 1987; Zhao et al. 
1999; Li et al. 2010; Uetz et al. 2023). This overlooked 
Xizang record of “C. jerdoni” is allopatric to the true C. 
jerdoni in the low-elevation Assam Plains (Fig. 1). Based 
on photographs (media code bm330, Kamdar et al. 2022), 
individuals of these allopatric populations disagree with 
our revised morphological diagnosis of true C. jerdoni, 
specifically differing in the shape of gular scales (only 
slightly mucronate with very short tips vs. distinctively 
mucronate with long tips for true C. jerdoni). Therefore, 
the only remaining Chinese population of “C. jerdoni” 
from Southern Xizang Autonomous Region may also 
be a misidentification of a yet undescribed species, and 
the true C. jerdoni may not be found in China. Without 
voucher specimens, we tentatively retain the Xizang re-
cord of C. jerdoni, pending future evidence.

Even in the proximity of the type locality of C. jerdoni 
in northeast India, additional cryptic diversity may also 
exist (Fig. 1). For the previous record of “C. jerdoni” in 
Bhutan, based on published photographs (Tshewang and 
Letro 2018; Bhutan Biodiversity Portal 2023), individu-
als from Bhutan only have a single row of conical scales 
between the orbit and the tympanum, which is different 
from true C. jerdoni that has two parallel rows. It is likely 
that the Bhutan questionable populations represent addi-
tional cryptic species of the complex in the East Himala-
yas and warrant taxonomic descriptions. Future studies 
with wider sampling and genetic data are needed to fully 
understand the taxonomy and distribution of the C. jerdo-
ni complex across the East Himalayas.
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