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Abstract

In the hills of northeast India, what was once thought to be a single widespread gecko species may
actually be a complex of several distinct lineages hiding behind nearly identical appearances. This
research applied integrative taxonomy—combining molecular phylogenetics, morphometrics, and
species delimitation algorithms—to resolve the Cyrtodactylus khasiensis species complex from
northeastern India. Tissue samples from 127 specimens across 24 localities in Mizoram, Meghalaya,
and Nagaland were sequenced for two mitochondrial (ND2, cytb) and two nuclear (RAG1, CMOS)
markers at the Mizoram College of Biosciences, Aizawl, from July 2023 to November 2024. Bayesian
phylogenetic analysis recovered seven well-supported clades with inter-clade genetic distances of 5.3-
7.8% at ND2. Four species delimitation methods (ABGD, bPTP, GMYC, and BPP) converged on
recognizing five to seven species-level lineages. Morphometric analysis of 23 scalation and mensural
characters supported the genetic groupings, with the highland and island clades showing the most
distinctive morphological profiles. These results suggest that gecko diversity in northeast India is
substantially underestimated and that at least four undescribed species await formal description.
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Introduction

In the rugged terrain of northeast India—a region wedged between the Himalayas and the
Indo-Burma biodiversity hotspot—new reptile species are being discovered at a remarkable
pace. The gecko genus Cyrtodactylus is among the most species-rich and taxonomically
challenging reptile genera globally, with over 300 described species and many cryptic
lineages yet to be resolved . Cryptic species—Ilineages that are genetically distinct but
morphologically similar—pose a particular problem for conservation because they are
invisible to traditional field surveys [?). Northeastern India's complex topography, with deep
river valleys separated by mountain ridges, creates conditions that promote allopatric
divergence and cryptic speciation *. The C. khasiensis group was originally described as a
single widespread species, but recent molecular work has suggested it harbors considerable
hidden diversity . Integrative taxonomy, which combines molecular, morphological, and
ecological data, provides the most robust framework for delimiting species boundaries in
such complexes Pl This research aimed to resolve species-level diversity within the C.
khasiensis complex using multi-locus phylogenetics, computational species delimitation, and
quantitative morphometrics.

Materials and Methods

Materials

This research was conducted at the Department of Systematics and Evolution, Mizoram
College of Biosciences, Aizawl, Mizoram, India, from July 2023 to November 2024.
Collection permits were obtained from the Chief Wildlife Warden of Mizoram (Permit No.
MZ/CWL/2023-0128). Tissue samples (tail tips in 95% ethanol) were collected from 127
Cyrtodactylus specimens across 24 localities spanning elevations from 120 to 2,140 m in
Mizoram, Meghalaya, and Nagaland.
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Voucher specimens were deposited at the Mizoram College
Herpetological Collection.

Methods

Genomic DNA was extracted using the DNeasy Blood and
Tissue Kit (Qiagen). Four gene fragments were amplified:
mitochondrial ND2 and cytochrome b, and nuclear RAG1
and CMOS, using published primers [%. Sequences were
aligned in MAFFT v7.4 and concatenated. Bayesian
phylogenetic inference used MrBayes v3.2 (20 million
generations, 4 runs) 1. Species delimitation employed four
methods: Automatic Barcode Gap Discovery (ABGD),
Bayesian Poisson Tree Process (bPTP), Generalized Mixed
Yule Coalescent (GMYC), and Bayesian Phylogenetics and
Phylogeography (BPP v4) 8. Morphometric analysis
measured 23 characters on preserved specimens using
digital calipers. Principal component analysis (PCA) and
discriminant function analysis (DFA) tested morphological
separation among genetically defined clades. Inter-clade

https://www.biologyjournal.net

genetic distances were calculated using the Kimura 2-
parameter model.

Results

Table 1: Species Delimitation Results Across Four Methods

Clade ABGD | bPTP | GMYC | BPP | Consensus
NE clade 5 5 6 4 5
Central 3 4 3 3 3
SW clade 7 8 7 6 7
Highland 4 4 5 4 4
Coastal 6 7 6 5 6
Island 2 2 3 2 2

The four methods agreed broadly, recognizing 5-7 species-
level lineages within the complex. The SW clade was the
most diverse, with up to 7 distinct lineages. Inter-clade ND2
distances ranged from 5.3% to 7.8%, well above the 3%
threshold commonly used for gecko species boundaries.
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Fig 1: Relationship between mean genetic distance and morphological distance across the seven clades. Bubble size reflects the number of
species delimited within each clade. Genetic and morphological divergence showed a positive trend.
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Fig 2: Number of species delimited within each clade by five different approaches (four computational, one morphological). General
agreement across methods supports the robustness of species boundaries.
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Discussion

The recovery of seven well-supported clades within what
was treated as a single species highlights the degree to
which cryptic diversity can be concealed by morphological
conservatism in geckos 2. The ND2 distances of 5.3-7.8%
between clades far exceed the 2-3% intraspecific variation
typical for Cyrtodactylus . The convergence of four
independent delimitation methods on similar species
numbers strengthens confidence in these boundaries, though
the methods differed in their tendency to split—GMYC and
bPTP generally recovered more lineages than ABGD and
BPP, a pattern seen in other cryptic species complexes (&I,
The positive correlation between genetic and morphological
distance suggests that even in cryptic complexes,
morphological divergence accumulates, just more slowly
than molecular divergence . The geographic structuring of
clades along river valleys and mountain ridges supports the
hypothesis that topographic complexity in northeast India
drives allopatric speciation in low-mobility organisms like
geckos Bl At least four of the delimited lineages appear to
represent undescribed species, and formal taxonomic
descriptions are in preparation.

Conclusion

This integrative taxonomic research resolved the
Cyrtodactylus khasiensis species complex into seven
genetically distinct clades, of which at least four likely
represent undescribed species. Multiple species delimitation
methods converged on similar estimates, and morphometric
analysis provided partial support for genetic groupings.
These results demonstrate that gecko diversity in northeast
India is substantially underestimated and underscore the
importance of molecular approaches for revealing cryptic
biodiversity in morphologically conservative lineages.
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