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Abstract 

Most lizard species reproduce sexually, with both males and females contributing genetic material to 

offspring. However, a subset, including certain gecko species, reproduces via parthenogenesis, 

wherein females produce offspring without fertilization. Hemidactylus garnotii Duméril & Bibron, 

1836 sensu lato, a parthenogenetic species complex native to parts of Southeast Asia and India, was 

previously understood to consist solely of females. Despite earlier reports suggesting the possible 

existence of males, these were attributed to misidentification or incomplete verification. In this study, 

based on histological and gonadal examination, we report the first confirmed male individuals of H. 

garnotii from Mizoram, India. Specimens collected from Dampa Tiger Reserve and Palak National 

Wetland were analysed through morphological assessments, histology, and genetic sequencing (ND2 

gene). Histological findings revealed spermatogenesis stages in males, establishing the presence of 

functional testes. Our results thus document a notable exception to the presumed all-female 

composition of H. garnotii, with implications for understanding reproductive strategies in this species. 
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Introduction 

The study of reptilian reproduction reveals a 

predominance of sexual reproduction across most 

lizard species, involving both males and females 

contributing genetic material to offspring. This 

mode, while common, is energetically costly and 

can be hindered by the need for mates and 

environmental factors. However, in specific 

lineages, a unique form of asexual reproduction 

known as parthenogenesis has evolved, allowing 

certain species to reproduce without males. 

Parthenogenesis in lizards, first observed as an 

absence of males in certain populations, has now 

been documented in various reptilian taxa, 

notably in the genera Lepidodactylus, 

Cnemidophorus, and Hemidactylus (Maslin 
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1971, Lampert 2008). Parthenogenesis can occur 

facultatively, where females alternate between 

sexual and asexual reproduction, or obligately, 

where females reproduce solely through cloning 

without male involvement (Lampert 2008). This 

evolutionary strategy has allowed these lineages 

to thrive in stable environments, where genetic 

diversity is less critical for survival. 

The species Hemidactylus garnotii (Duméril 

& Bibron 1836) is an example of obligate 

parthenogenesis in geckos. It has historically 

been classified as a strictly unisexual, all-female 

species, with extensive studies across its natural 

and introduced ranges consistently failing to 

detect male specimens (Kluge & Eckardt 1969).  

This has led to its classification as a triploid 

species, with each female producing clonal 

offspring without fertilization. The natural 

distribution of H. garnotii spans the Pacific and 

Southeast Asia, including countries such as 

India, Myanmar, Thailand, and Indonesia. Over 

time, this species has been introduced to regions 

outside its native range, including other islands 

in the Pacific and parts of the Americas, often 

associated with human activities such as trade 

and transport (Kluge & Eckardt 1969, Darevsky 

et al. 1978). Its ability to establish populations 

without requiring males has contributed to its 

success as an invasive species in various habitats. 

While some researchers reported the sporadic 

discovery of male individuals, these were largely 

attributed to misidentifications or errors in sex 

determination, reinforcing the view of H. 

garnotii as an exclusively parthenogenetic 

species (Darevsky et al. 1978). 

The reproductive complexities observed in 

lizards are further exemplified by the 

Lepidodactylus lugubris complex, as described 

by Ineich (1988). This group, found in French 

Polynesia, demonstrates a unique unisexual-

bisexual dynamic with the presence of diploid 

and triploid female clones, sexual males and 

females, and sterile intersex hybrids. These 

hybrids, originating from crosses between 

diploid clonal females and sexual males, exhibit 

abnormal genital tracts and are incapable of 

reproduction. Further studies revealed that the 

sexual males and females from French Polynesia 

were later assigned to a newly described sexual 

species from Indonesia, Lepidodactylus pantai 

(Karin et al. 2024). This intricate reproductive 

system highlights the coexistence of clonal and 

sexual lineages within the same geographical 

area and underscores the evolutionary and 

ecological significance of such systems. The 

situation observed in the Lepidodactylus lugubris 

complex provides a comparative framework for 

understanding Hemidactylus garnotii. Unlike the 

sterile intersex hybrids observed in L. lugubris, 

the females of H. garnotii exhibit normal genital 

tracts, and the males have been confirmed to 

possess functional testes, suggesting fertility. 

This distinction emphasizes the need for further 

research to unravel the evolutionary pathways 

and reproductive mechanisms within these gecko 

species (Ineich 1988, Karin et al. 2024). 

In the present study, we report a novel 

observation of male individuals of H. garnotii 

sensu lato from Mizoram, India. Through 

detailed morphological examination and 

histological analysis, we confirm that these males 

exhibit normal, functional testes with active 

spermatogenesis, indicating fertility. 

Additionally, our DNA sequencing of the ND2 

gene demonstrates that both males and females 

belong to the same genetic lineage, closely 

related to populations from Myanmar. This 

finding challenges the longstanding assumption 

of strict unisexuality in H. garnotii, suggesting 

either an overlooked aspect of reproductive 

flexibility or the possibility of cryptic sexual 

populations within what was believed to be a 

clonal lineage. 

 

Material and Method 

Material examined. Adult males MZMU 3074, 

MZMU 3075 and MZMU 3076, and adult female 

MZMU 3032 collected from Dampa tiger reserve 

(DTR), Mamit district, Mizoram, India 

(23.49964″N, 92.417487″E; alt. 903 m a.s.l) and 

adult females MZMU 3091, MZMU 3297 and 

MZMU 3299 collected from DTR and Palak 

National Wetland, Siaha district (22.202467″N, 

92.88891″E; alt. 300 m a.s.l), Mizoram, India 

respectively. 

Sampling and preservation. The collected 

specimens were catalogued, fixed in 10% 

buffered formalin, and later transferred in 70% 

ethanol in the Reptile section, Departmental 

Museum of Zoology, Mizoram University 

(MZMU), Aizawl. Species Identification was 

carried out with the help of relevant literature 

(Smith 1935, Giri & Baur 2008). 

Morphological data. We made the following 

measurements using Mitutoyo dial vernier 

caliper to the nearest 0.1 mm under a dissecting 

microscope following the character definitions 

by Smith (1935), Giri & Bauer (2008), and Javed 

et al. (2010): snout-vent length (SVL, from tip of 

snout to vent), trunk length (TRL, distance from 
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axilla to groin measured from posterior edge of 

forelimb insertion to anterior edge of hindlimb 

insertion), body width (BW, maximum width of 

body), crus length (CL, from base of heel to 

knee),  tail length (TL, from vent to tip of tail), 

tail width (TW, measured at widest point of tail),  

head length (HL, distance between retroarticular 

process of jaw and snout-tip), head width (HW, 

maximum width of head), head height (HH, 

maximum height of head, from occiput to 

underside of jaws), forearm length (FL, from 

base of palm to elbow), orbital diameter (OD, 

greatest diameter of orbit), nares to eye distance 

(NE, distance between anteriormost point of eye 

and nostril), snout to eye distance (SE, distance 

between anteriormost point of eye and tip of 

snout), eye to ear distance (EE, distance from 

anterior edge of ear opening to posterior corner 

of eye), internarial distance (IN, distance 

between nares), interorbital distance (IO, shortest 

distance between left and right supraciliary scale 

rows). Scale counts and external observations of 

morphology were made using a Wild M5 

dissecting microscope. 

Histology. Histological studies were carried 

out according to a previously described protocol 

(Bancroft & Gamble 2002; Jerang et al. 2024). 

Briefly, the Bouin’s fixed testis was dehydrated 

by ascending grades of ethanol (70%, 90%, 

100%) and embedded in a paraffin wax block. 

The tissue block was then sectioned at a 

thickness of 7 µm using a Leica rotary 

microtome (model RM2125 RTS). The sections 

were deparaffinised in xylene, then rehydrated in 

a series of alcohol and stained with hematoxylin 

and eosin, followed by dehydration, clearing and 

lastly mounted with DPX mountant. The 

histological sections were observed and 

photographed using a camera-mounted 

microscope (Model DC.1359 F100, Euromex, 

Holland, Netherlands). 

Molecular data. Genomic DNA of specimen 

of H. garnotii sensu lato (MZMU3075, 

MZMU1878, MZMU3032) was extracted from 

ethanol (100%) preserved liver tissue using 

Tissue Kit (Qiagen) following the manufacturer’s 

instructions. PCR reaction was prepared for 20 

μL reaction mixture containing 1× amplification 

buffer, 2.5 mM MgCl2, 0.25 mM dNTPs, 0.2 pM 

each forward and reverse primer, 1μL genomic 

DNA, and 1U Taq DNA polymerase with MetF1 

& H5934 (Macey et al. 1997) primers. Sequence 

chromatograms were quality-checked, edited, 

and assembled into contigs using Sequence 

Scanner v1.0 (Applied Biosystems). 

Comparative ND2 sequences comprising H. 

garnotii and other close members of 

Hemidactylus were obtained from GenBank. 

Sequence alignment was done using 

MUSCLE (Edgar 2004) in MEGA7 (Tamura & 

Nei 1993, Kumar et al. 2016) with default 

parameter settings. The best partitioning schemes 

for the dataset were searched through 

PartitionFinder v2 (Lanfear et al. 2017). The 

maximum Likelihood (ML) phylogenetic tree 

was reconstructed using an unpartitioned dataset 

in IQ-TREE (Nguyen et al. 2015) with the 

substitution model K3Pu+F+I selected based on 

the BIC scores by Model Finder 

(Kalyaanamoorthy et al. 2017). The ML analysis 

was run with an ultrafast bootstrap option (Minh 

et al. 2013) for 1000 iterations to assess clade 

support. The Uncorrected pairwise p-distance 

was calculated in MEGA7 (Kumar et al. 2016) 

with pairwise deletions of missing data and gaps. 

 

Results 

Based on the ND2 gene, the three specimens of 

H. garnotii (MZMU3075, MZMU1878, 

MZMU3032) are nested with H. garnotii from 

Myanmar, differing by an uncorrected p-distance 

of 0.001–0.004 (Fig 1, Table 1).  

 
Table 1. Uncorrected p-distance amongst some members of Hemidactylus for ND2 gene 
 

No Sample 1 2 3 4 5 6 7 8 9 10 11 

1 MZMU1878 H. garnotii (Mz)            

2 MZMU3032 H. garnotii (Mz) 0.000           

3 MZMU3075 H. garnotii (Mz) 0.000 0.000          

4 HM559631 H. garnotii (My) 0.001 0.001 0.001         

5 EU268364 H. garnotii (My) 0.002 0.002 0.002 0.003        

6 EU268363 H. garnotii (My) 0.003 0.003 0.003 0.004 0.004       

7 EU268374 H. bowringii 0.225 0.225 0.225 0.223 0.189 0.188      

8 EU268373 H. bowringii 0.227 0.227 0.227 0.226 0.191 0.190 0.002     

9 EU268362 H. karenorum 0.231 0.231 0.231 0.229 0.198 0.199 0.196 0.197    

10 EU268352 H. platyurus 0.269 0.269 0.269 0.267 0.233 0.231 0.237 0.238 0.234   

11 EU268371 H. fasciatus 0.315 0.315 0.315 0.313 0.287 0.286 0.270 0.272 0.308 0.307  
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Figure 1. Maximum likelihood phylogeny of Hemidactulus cf. garnotii and other closely related congeners 

based on ND2 gene (MZMU3075 = Male, MZMU3032 = female, MZMU1878 = not determined); preceding the 

species name is NCBI accession number and numbers at nodes represent bootstrap support values. 

 

Morphologically, the specimens from Mizoram 

have key diagnostic characteristics of H. 

garnotii, which include an outer pair of 

postmentals separated from infralabials by small 

scales; the presence of skin fold along the 

posterior margin of hind limbs; a depressed tail, 

possessing a sharp, serrated lateral edge; ventral 

side of the tail having median series of transverse 

enlarged rows of plates (Fig. 2).   

Thus, based on genetic and morphological 

analyses, we can confirm the population of 

Mizoram to be H. garnotii sensu lato. However, 

as we do not possess samples from its type 

locality, Tahiti, French Polynesia, the Mizoram 

population of H. garnotii sensu lato is considered 

here to be H. cf. garnotii for the time being. 

Mensural and meristic data. An adult H. cf. 

garnotii male SVL ranges from 48.42 to 54.06 

mm and female ranges from 42.4 to 56.44 mm 

(Fig. 3, Table 2). Head is distinct from neck with 

pointed snout, covered with minute homogenous 

granular scales (HeadL/SVL 15–18%), 

(HeadW/HeadL 100–120%), and (HeadH/HeadL 

49–61%). Eyes round and large, vertical pupil, 

ear opening distinct and oval (OD/HL 35–50%), 

(EE/OD 84–122%), (SE/HL 63–75%) and 

(OD/SE 51–69%). Body is dorsoventrally 

flattened, and moderately slender (Trunk/SVL 

32–51%). Two pairs of pentagonal chin shields, 

the inner post mental are in contact with the 

infralabial scales, and the outer post mental is 

separated from the infralabial scales by a row of 

smaller gular scales; the anterior chin shield is 

moderately larger than the posterior chin shield  

(supralabials 11–13), (infralabial 9–12).  Males 

with distinct femoral and pre-cloacal pores 

ranging from 35–39 in number interrupted by 1 

or 2 poreless scales, and females may have pitted 

scales in the femoral and pre-cloacal region (20). 

Dissected males show the presence of distinct 

testicles which are bean-shaped and are present 

obliquely in the lower abdominal region. 

The dorsal surface of the body is covered with 

minute uniform granular scales, the ventral 

surface of the body is distributed with even 

smooth oval/cuboidal scales from the axilla to 

the groin region; intermixed with larger cuboidal 

scales on the central region and smaller cuboid 

scales along the peripheral region of the ventral 

surface; no ventrolateral skin fold on the trunk. 
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Figure 2. An adult male of Hemidactylus cf. garnotii 

(MZMU 3076) from Mizoram, India: (A) ventral view 

of the body with red circle points to the testis; (B) 

femoral and cloacal region showing distinct pores. 

 

Digits free, strongly clawed,  moderately long 

bearing divided scansors except for the terminal 

lamellae pad; hindlimbs comparatively longer 

than forelimbs; limbs are indistinctly webbed at 

the base of the both pes and manus digits 

(FL/SVL 8–12%), (CL/SVL 12–16%). The 

dorsum surface of the limb is also distributed 

with small granular tubercles; smooth scale 

underneath. The Ⅳ digit of forelimb possesses 

(10–12) lamellae pads and Ⅳ digit of hindlimb 

possesses (12–13) lamellae pads. 

Tail is strongly depressed with serrated 

margins or with sharp denticulated lateral edge, 

ventrally flattened and distinctly segmented with 

uniform subcaudal scales overlapping 

ventrolaterally from vent to at least mid-length 

(Tail/SVL 58–124%). Dorsally the tail is covered 

with small granular tubercles; notably more 

swollen at the base ventrally in males than 

females. A pair of pre-cloacal spurs is distinctly 

present in males but not distinct in females and 

males have cloacal and femoral pores absent in 

females. Furthermore, H. cf. garnotii has an 

outer pair of postmental separated from 

infralabials by small scales versus outer pair of 

postmental touches the infralabials in other 

regional congeners. 

       Colouration in life.  In life, the dorsum 

colour varies in all individuals from light grey to 

light brown. Mid dorsal line prominent, 

continuous with a white spot-bearing lateral strip, 

usually the dorsal surface with small white spots 

commonly present, running laterally from head 

to tail, and also scattered to the limbs. In the light 

phase, the dorsum is nearly uniform beige or 

with faded markings on a light background. The 

ventral surface is whitish-beige underneath. 

In preservative, the dorsum colour is lighter in 

comparison and has turned pale greyish in 

preservative; the small white spots distributed 

throughout the dorsal laterally not visible; 

Yellowish beneath. The tail is regenerated from 

the mid-length. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Hemidactylus cf. garnotii in life from 

Mizoram, India: (A) female (MZMU3032) and (B) 

male (MZMU3074) 

 

Histology. Histological examination of the 

gonads of H. cf. garnotii revealed the presence of 

distinct stages of spermatogenesis (Fig. 4). The 

testes exhibited well-defined seminiferous 

tubules containing germ cells at various 

developmental stages. Spermatogonia, the 

undifferentiated germ cells, were predominantly 

located along the basal lamina of the 

seminiferous tubules. Moving toward the tubular 

lumen, we observed primary spermatocytes, 

which were characterized by enlarged nuclei 

undergoing meiotic division. Secondary 

spermatocytes, arising from the first meiotic 

division, were identified closer to the tubular 

lumen, exhibiting condensed chromosomes 

indicative of ongoing meiosis. Further 

progression of spermatogenesis was evident with 

the presence of round spermatids, characterized 

by condensed chromatin and prominent 

acrosomal structures. Finally, mature 

spermatozoa, displaying characteristic tail 

structures and compacted nuclei, were observed 

A B 

A 

B 
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within the lumens of the seminiferous tubules. 

The sequential arrangement of these germ cell 

populations within the seminiferous epithelium 

reflects the progression of spermatogenesis from 

undifferentiated spermatogonia to mature 

spermatozoa, indicative of active spermatogenic 

activity in male H. cf. garnotii individuals. 

 

Discussion 

Considering all available data, it is confirmed 

that males of H. cf. garnotii exists in Mizoram, 

which has not been documented. Kluge & 

Eckardt (1969) reported that this species is 

exclusively composed of females and considered 

it a parthenogenetic species and all the previous 

reports of males were deemed inaccurate. In 

contrast, we recorded three male specimens 

found only in Dampa, Mamit District. Among 

them, a continuous series of femoral pores (35–

39 in total) that separated at the pelvic region by 

1 or 2 non-pored scales, a hemipenial bulge, and 

a pair of testes were observed on a dissection 

from the male species of H. cf. garnotii. 

However, no femoral pores and hemipenial 

bulges were observed in females with  

 

less prominent precloacal spurs.  

Other noteworthy features include that all of 

the morphometric and meristic measurements of 

the male H. cf. garnotii match the description of 

the female H. garnotii features provided by 

Smith (1935), which all contribute to sexual 

dimorphism in this species. According to Cole 

(1996), some “all-female” species such as 

Cnemidophorus do possess femoral pores but the 

pores are only exclusive to males in certain 

species and both (Smith 1935 and Taylor 1922) 

described female H. garnotii with femoral pores, 

which is quite unusual. 

Even though many female species of lacertids 

have been reported with femoral pores the female 

species of these genera particularly Hemidactylus 

except H. cf. garnotii are all reported to have no 

femoral pores, this character being limited to 

males to date. Nevertheless, the presence of 

spermatogonia, primary spermatocyte, secondary 

spermatocyte, round spermatids, and 

spermatozoa from the testicular histology of the 

male H. cf. garnotii strongly indicates that they 

are for sure a male and are sexually dimorphic as 

the other Hemidactylus species. 

 

Table 2. Morphometric (in mm) and meristic data of Hemidactylus cf. garnotii from Mizoram, India 

 

Character 
MZMU 

3074 

MZMU 

3075 

MZMU 

3076 

MZMU 

3032 

MZMU 

3091 

MZMU 

3297 

MZMU 

3299 

Sex M M M F F F F 

snout-vent length (SVL) 54.06 50.46 48.42 42.4 49.3 56.44 56.16 

trunk length (TRL) 22.98 21.72 24.89 13.86 20.12 24.84 22.72 

body width (BW) 9.32 7.18 7.36 9.18 8.28 13.66 9.62 

crus length (CL) 7.98 7 6.94 6.08 7.94 7.06 7.26 

tail length (TL) 52 30.5 28.54 47.02 61.62 72.64 61.98 

tail width (TW) 5.96 4.28 4.26 4.46 5.92 6.24 5.84 

head length (HL) 8.54 8.28 7.7 7.84 8 10.02 9.58 

head width (HW) 10.26 8.56 7.32 7.92 8.06 9.24 8.52 

head height (HH) 4.24 4.9 3.92 4.82 4.3 5.96 5.12 

forearm length (FL) 5.12 4.24 5.92 4.38 5.06 5.18 5.34 

orbital diameter (OD) 3.72 3.62 3.58 3.94 3.66 4.32 3.36 

nares-eye distance (NE) 4.4 4.26 3.1 3.7 3.78 4.69 4.02 

snout-eye distance (SE) 5.76 5.54 5.48 5.92 5.24 6.32 6.52 

eye-ear distance (EE) 3.9 4.42 3.08 3.58 3.36 3.65 3.04 

internarial distance (IN) 1.56 1.74 1.08 1.4 1.42 1.42 1.54 

interorbital distance (IO) 4.7 4.18 3.9 4.48 3.46 3.68 3.86 

lamellae (left) manus 6-9-10-11-8 6-10-10-12-9 6-7-10-11-10 6-8-10-11-8 5-10-10-11-9 6-9-10-12-10 6-9-10-11-9 

lamellae (right) manus  6-9-10-12-9 6-10-11-11-9 6-8-10-11-10 6-8-10-11-8 5-10-9-10-8 6-9-11-11-9 6-9-11-11-9 

lamellae (left) pes 6-10-11-13-10 6-11-11-13-9 6-10-12-13-10 6-9-11-13-10 6-10-11-13-9 6-10-11-13-10 6-10-12-13-10 

lamellae (right) pes 6-10-12-13-10 6-9-10-13-10 6-10-12-13-10 6-9-10-12-9 6-10-10-13-10 6-10-12-13-10 6-10-11-13-10 

supralabial (left) 12 11 11 13 11 12 13 

supralabial (right) 13 11 11 11 11 12 12 

infralabial (left) 12 11 10 11 9 10 10 

infralabial (right) 12 9 10 10 9 9 10 

Femoral + precloacal pores 35 38 39 – – – – 
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Figure 4. The testis of Hemidactylus cf. garnotii 

(MZMU 3075) showed normal testicular morphology 

and regular spermatogenesis events including the 

presence of primary spermatocytes (Ps), secondary 

spermatocytes (Ss), round spermatids (Rs), Sertoli 

cells in the seminiferous tubules, the presence of 

Leydig cells in the interstitium and sperms (Spz) in 

the lumen of the tubules. Magnification 40×, scale 

bar: 50 µm. 

 
Our study revealed that male Hemidactylus cf. 

garnotii specimens from Mizoram exhibit 

functional testes with active spermatogenesis, 

strongly indicating fertility. This contrasts with 

observations in other parthenogenetic geckos, 

such as the Lepidodactylus lugubris complex, 

where sterile intersex hybrids are commonly 

documented. Molecular analysis showed that the 

Indian populations of H. cf. garnotii share a 

close genetic relationship with those from 

Myanmar, as evidenced by the low uncorrected 

pairwise p-distances. However, specimens from 

the type locality (l'Ile de Taiti [=Tahiti, French 

Polynesia]) of H. garnotii have not been 

sequenced, leaving uncertainty about whether the 

populations in Myanmar and India represent the 

true H. garnotii or a cryptic lineage. This finding 

underscores the importance of future studies, 

including the sequencing of specimens from the 

type locality, to clarify the taxonomic and genetic 

status of these populations. 

Our study confirms that the Hemidactylus cf. 

garnotii population in Mizoram comprises both 

males and females of the same taxon, as 

evidenced by morphological, histological, and 

genetic analyses. The males are fertile, and the 

females are normal and reproductively viable, 

supporting the hypothesis of a stable sexual 

population within what was previously thought 

to be an exclusively unisexual species. Molecular 

data further reveal that these Indian populations 

are genetically similar to those from Myanmar, 

though the absence of genetic data from the type 

locality of H. garnotii leaves open the possibility 

of taxonomic uncertainty. 

Future studies should focus on cytogenetic 

analyses to determine whether the females in this 

population are triploid, as in H. garnotii sensu 

stricto, or if they are diploid, representing an 

ancestral sexual lineage. This ancestral lineage 

may have hybridized with another species to give 

rise to the triploid clonal populations previously 

documented. These findings underscore the 

complexity of H. garnotii sensu lato's 

reproductive biology and highlight the need for 

further research to unravel its evolutionary 

history and clarify its taxonomic and genetic 

relationships. 

 
Author contributions 

All the authors contributed equally. 

 
Acknowledgments 

We thank the Chief Wildlife Warden 

(Environment, Forests and Climate Change 

Department, Mizoram) for the herpetofaunal 

collection permit; and V.K. Roy (Mizoram 

University) for letting us use the histology lab. 

 
Research permits 

This study was conducted with the research 

Permit No. A.33011/2/99-CWLW/225. 

 
Funding information 

DST-SERB, New Delhi (DST Nos. 

EEQ/2021/000243, EEQ/2023/000877, and CRG 

/2023/000805); the Habitats Trust Action (THT) 

Grant, Noida, Uttar Pradesh, and Indian Council 

of Medical Research (ICMR Nos. 58/6/2/SB-

CFP/AKM/2023/NCD-II and 58/6/3/SB-CFP/ 

AKM/2023/NCD-II). Award No. 202324-NFST-

ASS-01294 to KT from the Ministry of Tribal 

Affairs, Govt. of India 

 
Literature cited 
Bancroft, J.D. & M. Gamble (2008). Theory and 

Practice of Histological Techniques. 6th edition, 

Churchill Livingstone, Elsevier, China: 744pp. 

Bauer, A.M., V. Giri, E. Greenbaum & T. Jackman 

(2008). On the systematics of the gekkonid 

genus Teratolepis Günther, 1869: Another one 

bites the dust. Hamadryad, 32(1): 40–58. 

Boulenger, G.A. (1885a). Catalogue of the Lizards 

in the British Museum (Natural History). 

Volume I.  Trustees of the British Museum, 

London: 436 pp. 

130 



SEXUAL MALES IN THE PARTHENOGENETIC Hemidactylus cf. garnotii 

 125  TAPROBANICA VOL. 13: NO. 02 

Boulenger, G.A. (1885b). Catalogue of the Lizards 
in the British Museum (Natural History). 

Volume II. Trustees of the British Museum, 

London: 497 pp. 

Cagle, F. R. (1946). A lizard population on Tinian. 

Copeia, 1946 (1): 4–9. 

Cole, C. J. (1966). Femoral glands in lizards: a 

review. Herpetologica, 22(3): 199–206. 

de Rooij, N. (1915). The Reptiles of the Indo-
Australian Archipelago. I. Lacertilia, Chelonia, 

Emydosauria. E. J. Brill, Leiden: 384 pp. 

Darevsky, I.S., L.A. Kupriyanova, & M.A. 

Bakradze (1978). Occasional males and 

intersexes in parthenogenetic species of 

Caucasian rock lizards (Lacerta). Copeia, 

1978(2): 201–207. 

Edgar, R.C. (2004).  MUSCLE: multiple sequence 

alignment with high accuracy and high 

throughput. Nucleic Acids Research, 32(5): 

1792–1797. 

Giri, V.B. & A.M. Bauer (2008). A new ground-

dwelling Hemidactylus (Squamata: 

Gekkonidae) from Maharashtra, with a key to 

the Hemidactylus of India. Zootaxa, 1700(1): 

21–34. 

Ineich, I. (1988). Mise en évidence d'un complexe 

unisexué-bisexué chez le gecko Lepidodactylus 
lugubris (Sauria, Lacertilia) en Polynésie 

française. Comptes Rendus de l'Académie des 
Sciences de Paris, 307: 271–277. 

Javed, S.M.M., C. Srinivasulu, K.L. Rao et al. 

(2010). A divergent population of Hemidactylus 
frenatus Duméril & Bibron, 1836 (Reptilia: 

Gekkonidae) from the northern Eastern Ghats, 

India. Journal of Threatened Taxa, 2(10): 1205–

1213. 

Jerang, M., R. Kumar, G. Gurusubramanian & V. 

K.  Roy (2024). Comparative expression and 

localization of visfatin, chemerin, and chemerin 

receptor proteins in a heat-stressed mouse testis. 

Tissue & Cell, 88:102374. 

Karin, B.R., P.M. Oliver, A.L. Stubbs et al. (2024). 

Who’s your daddy? On the identity and 

distribution of the paternal hybrid ancestor of 

the parthenogenetic gecko Lepidodactylus 
lugubris (Reptilia: Squamata: Gekkonidae). 

Zootaxa, 4999(1): 87–100. 

Kalyaanamoorthy, S., B.Q. Minh, T.K. Wong et al. 
(2017). ModelFinder: fast model selection for 

accurate phylogenetic estimates. Nature 
Methods, 14 (6): 587–589. 

Kluge, A.G. & M.J. Eckardt (1969). Hemidactylus 

garnotii Duméril & Bibron, a triploid all-female 

species of gekkonid lizard. Copeia, 1969(4): 

651–664. 

 

Kumar, S., G. Stecher & K. Tamura (2016). 

MEGA7: molecular evolutionary genetics 

analysis version 7.0 for bigger datasets. 

Molecular Biology & Evolution, 33(7): 1870–

1874. 

Lampert, K.P. (2008). Facultative parthenogenesis 

in vertebrates: Reproductive error or chance? 

Sexual Development, 2(6): 290–301. 

Lanfear, R., P.B. Frandsen, A.M. Wright et al. 
(2017). PartitionFinder 2: New Methods for 

Selecting Partitioned Models of Evolution for 

Molecular and Morphological Phylogenetic 

Analyses. Molecular Biology & Evolution, 

34(3): 772–773. 

Macey, J.R., A. Larson, N.B. Ananjeva et al. (1997) 

Two novel gene orders and the role of light-

strand replication in rearrangement of the 

vertebrate mitochondrial genome. Molecular 

Biology & Evolution, 14(1): 91–104. 

Maslin, T.P. (1971). Parthenogenesis in reptiles. 

American Zoologist, 11(2):361–380. 

Minh, B.Q., M.A.T. Nguyen & A. von Haeseler 

(2013). Ultrafast approximation for 

phylogenetic bootstrap. Molecular Biology & 
Evolution, 30(5): 1188–1195. 

Nguyen, L.T., H.A. Schmidt, A. Von Haeseler & 

B.Q. Minh (2015). IQ-TREE: a fast and 

effective stochastic algorithm for estimating 

maximum-likelihood phylogenies. Molecular 
Biology & Evolution, 32(1): 268–274. 

Smith, M.A. (1935). The Fauna of British India, 

Including Ceylon and Burma. Reptilia and 
Amphibia. Vol. II.–Sauria. Taylor and Francis, 

London: 440pp. 

Tamura, K. & M. Nei (1993). Estimation of the 

number of nucleotide substitutions in the control 

region of mitochondrial DNA in humans and 

chimpanzees. Molecular Biology & Evolution, 

10(3): 512–526. 

Taylor, E.H. (1922). The Lizards of the Philippine 
Islands. Department of Agriculture and Natural 

Resources, Bureau of Science, Government of 

Philippine Islands, Manila, 17, 269pp. 

Uetz, P., P. Freed, & J. Hošek (2024). The Reptile 

Database <www.reptiledatabase.org> accessed 

on 8 May 2024. 

Vitt, L.J. & J.P. Caldwell (2014). Herpetology. An 

Introductory Biology of Amphibians and 
Reptiles. Fourth Edition.  Elsevier, Amsterdam: 

758pp. 

 

 

Published date: 22 December 2024 

131 


