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AEPTILED & AMPRIBIANS

t present, the agamid genus Calotes Cuvier 1817 consists

f 29 species, of which 12 species are recorded in India

and three species are known to occur in the state of Manipur;
specifically: C. emma Gray 1835, C. geissleri Wagner, Thlow,
Hartmann, Flecks, Schmitz and Bohme 2021, and C. versi-
color (Daudin 1802) (Matthew 2005; Decemson et al. 2021;
Uetz et al. 2022). We report the occurrence of the Irawadi
Forest Lizard, C. irawadi Zug, Brown, Schulte, and Vindum
2006 in Manipur. Historically the species was known from
its type locality in Sagaing Division, Myanmar (Zug et al.
2006), Western Yunnan in China (Liu et al. 2021), and
Arunachal Pradesh, Tripura, and Mizoram in northeastern
India (Gowande et al. 2021; Tariang et al. 2022). Although
Matthew (2005) reported C. versicolor from various parts of
Manipur, there has not been a taxonomic re-assessment of
these individuals in the state since the revision of the species

complex by Gowande et al. (2021). To verify the taxonomic
identity of the C. “versicolor” population in Manipur, we used
morphology and molecular analysis to confirm the identity of
Calotes in Manipur.

On 12 December 2021, a road-killed adult male Calotes
sp. was collected near Sinzawl village, Churachandpur
District, Manipur, India (24°04'01" N; 93°18'14" E; 821 m
asl; Fig. 1A&B). It was later catalogued in the Departmental
Museum of Zoology, Mizoram University (MZMU), and
diagnostic characters from Zug et al. (2006) were used to con-
firm the species identity. We determined sex by dissecting the
tail-base to detect the presence or absence of hemipenes. We
documented another individual from the same locality, but
the lizard escaped after taking a photograph (Fig. 1C).

Prior to formalin fixation of the specimen (MZMU2230),
we collected liver tissue for molecular analysis. We extracted

Fig. 1. Calotes irawadi from Manipur, India: (A) ventral view and (B) dorsal views of the preserved specimen (MZMU2230), (C) uncollected individual.
Photographs for IA&B by Ht. Decemson; photograph for 1C by Ronald Rohluosang Sinate.
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genomic DNA (gDNA) from the liver tissue using QIAamp
DNA Mini Kit (Qiagen Cat. No. 51306) following the
manufacturer’s protocol. We did a polymerase chain reaction
(PCR) using a 20pL reaction mixture containing 1X amplifi-
cation buffer, 2.5 mMMgCl,, 0.25mM dNTPs, 0.2pM each
forward and reverse primer, 1pL genomic DNA, and 1U Taq
DNA polymerase with a pair of partial 165 rRNA primers:
forward (L02510- CGC CTG TTT ATC AAA AAC AT)
(Palumbi 1996) and reverse (H03063- CTC CGG TTT
GAA CTC AGA TC) (Rassmann 1997). To amplify PCR
product, we used the following thermocycler protocol: 5 min
at 95 °C for initial denaturation, followed by 35 cycles of 1
min at 95 °C for denaturation, 30 s for annealing at 50.3 °C,
elongation for 1 min at 72 °C, and a final elongation for 5
min at 72 °C. We checked PCR product using gel electro-
phoresis on a 1.5% agarose gel containing ethidium bromide.
We sequenced samples using Sanger methods in both forward
and reverse directions (Barcode Bioscience, Bangalore, India).

For the molecular analysis, we compiled a dataset con-
sisting of our newly generated sequence, fourteen congener
sequences obtained from NCBI GenBank and one sequence
of Monilesaurus rouxii MH844748) that was used as an out-
group (Table 1). The assembled dataset was aligned using
the MUSCLE algorithm (Edgar 2004) with the default

Table 1. Specimens used for phylogenetic estimation in this study
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parameter settings in MEGA 7 (Kumar et al. 2016). The
final aligned dataset contains 490 basepairs. The Kimura 2
parameter (K2P) genetic distance (Kimura 1980) was esti-
mated in MEGA 7 (Kumar et al. 2016). The best-fitting
nucleotide evolutionary model (GTR+G) was selected in
Modeltest-NG (Darriba et al. 2020) using the Bayesian
Information Criterion (BIC). We estimated the Bayesian
Inference (BI) phylogenetic tree in MrBayes 3.2.5 (Ronquist
and Huelsenbeck 2003) using GTR+G substitution model.
The Markov Chain Monte Carlo (MCMC) was run for
10,000,000 generations using one cold and three hot chains
and sampling the posterior every 500 generations. To deter-
mine nodal, we consider nodes with a posterior probability
(PP) > 0.95 to be well supported. We discarded the first 25%
of posterior samples as burn-in. When the standard deviation
of split frequencies became less than 0.01, we terminated the
analysis. We reconstructed the Maximum Likelihood (ML)
phylogeny using in RAXML 2.0 (Edler et al. 2021). To assess
nodal support, we used 1,000 rapid bootstraps (RBS). We
visualized both phylogenetic trees using Figtree v1.4.4.

We identified the new specimen (MZMU2230) from
Manipur as C. 7rawad;i based on diagnostic morphological
characters from Zug et al. (2006) and descriptions given by
Liu et al. (2021). Here we provide a description of morpho-

SI. No.  Species Specimen  NCBI Accession
vouchers Number Grid references Locality References
1 Calotes irawadi MZMU2230 ONO041215  24.066944°N, 93.303889°E Manipur, India This study
2 Calotes irawadi MZMU2385 OL691118 23.73772°N, 92.66773°E Mizoram, India Tariang et al. 2022
3 Calotes irawadi MZMU2596 OL691119 23.83348°N, 92.74365°E Mizoram, India Tariang et al. 2022
4 Calotes irawadi AG 855 MW901300 23.5743°N, 95.7376°E Tripura, India Gowande et al. 2021
5 Calotes irawadi CAS 204862 MW901301 23.5743°N, 95.7376°E Sagaing, Myanmar Gowande et al. 2021
6 Calotes irawadi CESL 1089 MW901302 23.5743°N, 95.7376°E  Arunachal Pradesh, India  Gowande et al. 2021
7 Calotes versicolor L182C MHZ844729 9.97136°N,77.2328°E Kerala, India Gowande et al. 2016
8 Calotes versicolor L190C MH844730 11.9664°N,79.7633°E, Tamil Nadu, India Gowande et al. 2016
9 Calotes emma NCBSAQ MH844707 — India Pal et al. 2018
10 Calotes emma NCBS MK789847 — Meghalaya, India Giri et al. 2019
11 Calotes farooqi DJ 10247 MW901314 — Pakhtunkhwa, Pakistan ~ Gowande et al. 2021
12 Calotes grandisquamis L035C MH844712 — Kerala, India Pal etal. 2018
13 Calotes mystaceus WIL MK789848 — Nagaland, India Giri et al. 2019
14 Calotes nemoricola L555C MH844745 — Pushpagiri Wildlife Pal et al. 2018
Sanctuary, Karnataka,
India
15 Calotes calotes L374C MH844738 — Kerala, India Pal et al. 2018
16 Monilesaurus rouxii L834C MHS844748 — Kudremukh Pal etal. 2018
National Park,

Karnataka, India
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metric characters for MZMU2230 and compare them to the
published range of each character in parentheses. Snout-vent
length 86.4 mm (64.3-106.8 mm); head scales 12 (10-15);
4™ finger lamellae 21 (17-24); 4™ toe lamellae 24 (22-29);
dorsal scales 54 (36-59) and midbody scales 45 (40-51).

Both the BI and ML phylogenetic analyses revealed
similar tree topologies, and largely reflect interspecific rela-
tionships within Calotes recovered by Zug et al. (2006) and
Giri et al. (2019). Our sample of C. irawadi from Manipur is
clearly nested among individuals of C. irawadi recently con-
firmed by Gowande et al. (2021) and Tariang et al. (2022).
Individuals of C. irawadi from India and Myanmar cluster
to form a well-supported monophyletic clade to the exclu-
sion of C. calotes, C. versicolor and C. emma (Fig. 2; RBS =
89, PP = 0.95). Based on the K2P genetic distance estima-
tion using 16S rRNA gene fragment (Table 2), the intraspe-
cific genetic distances within C. 7rawad;i range from 0.0%
(between MZMU2385 and MZMU2596 from Mizoram) to
2.0% (between MZMU2230 from Mizoram and CESL 1089
from Arunachal Pradesh). Moreover, the genetic distance
between the samples from Manipur (India) and the type
locality in Sagaing (Myanmar) was only 1.5%, while 3.9%
average interspecific distance was calculated for C. irawadi
from Manipur and C. versicolor from Kerala + Tamil Nadu
(India). According to Gowande et al. (2021), the intraspecific
distance for 16S among the C. irawadi specimens was calcu-
lated to be up to 2.4%.
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Fig. 2. Bayesian Inference (BI) tree based on mitochondrial 16S rRNA
partial sequences. Numbers before slashes indicate Bayesian posterior prob-
abilities (PP) and numbers after slashes indicate rapid bootstrap support
(RBS) from the Maximum Likelihood phylogeny. The bolded individual

is the sequence generated for this study.

In this work, we confirmed the occurrence of C. frawadi
in Manipur using both morphological and molecular evidence.

Table 2. The K2P genetic divergence estimates among Calotes species using 16S rRNA sequences.

SL
No. NCBI Accession / Species

K2p distance

6 7 8 9 10 11 12 13 14 15

—_

ONO041215 Calotes irawadi

2 MW901300 Calotes irawadi 0.004

3 MW901301 Calotes irawadi 0.015 0.015

4 MW901302 Calotes irawadi 0.020 0.015 0.013

5 OL691119 Calotes irawadi 0.011 0.007 0.013 0.018

6 OL691118 Calotes irawadi 0.011 0.007 0.013 0.018 0.000

7 MH844738 Calotes calotes 0.066 0.066 0.066 0.066 0.072 0.072

8 MK789847 Calotes emma 0.059 0.055 0.055 0.055 0.059 0.059 0.079

9 MH844707 Calotes emma 0.059 0.055 0.055 0.055 0.059 0.059 0.079 0.000

10 MW901314 Calotes farooqi 0.046 0.046 0.044 0.039 0.048 0.048 0.057 0.070 0.070

11 MHB844712 C. grandisquamis 0.070 0.068 0.072 0.070 0.068 0.068 0.094 0.070 0.070 0.088

12 MK789848 C. geissleri 0.088 0.083 0.083 0.083 0.083 0.083 0.098 0.072 0.072 0.096 0.085

13 MHB844745 C. nemoricola 0.070 0.068 0.072 0.063 0.072 0.072 0.103 0.077 0.077 0.090 0.033 0.098

14 MHB844730 C. versicolor 0.039 0.035 0.042 0.033 0.042 0.042 0.063 0.059 0.059 0.046 0.079 0.092 0.072

15 MH844729 C. versicolor 0.039 0.035 0.042 0.033 0.042 0.042 0.063 0.059 0.059 0.046 0.079 0.092 0.072 0.000
16  MHB844748 Monilesaurus rouxii 0.081 0.077 0.081 0.077 0.077 0.077 0.092 0.074 0.074 0.088 0.083 0.088 0.096 0.077 0.077
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Fig. 3. Map showing distributional records of Calotes irawadi: the green
star indicates the type locality (Zug et al. 2006), previous records are repre-
sented by blue circles (Gowande et al. 2021; Liu et al. 2021; Tariang et al.
2022), and the new record from this study is indicated by the red triangle.

The aerial distance from the present record at Sinzawl village,
Manipur to the nearest locality at Tamdil National Wetland,
Mizoram (Tariang et al. 2022) is approximately 51 km to the
southwest (Fig. 3). Given the occurrence records of C. versicolor
sensu stricto and C. zrawadi (fide Gowande et al. 2021); it seems
plausible that the earlier reports of C. versicolor in Manipur can
also be referred to C. irawadi. In conclusion, we advocate gener-
ating more genetic information to address remaining taxonomic
uncertainty for Calotes in northeastern India.
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