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ABSTRACT

The Eastern Ghats of India represent one of the most ecologically significant and underexplored freshwater ichthyofaunal

zones in the Asian subcontinent. Stretching discontinuously along the eastern coast from Odisha through Andhra

Pradesh to Tamil Nadu, this ancient hill system drains into multiple river basins including the Mahanadi, Godavari,

Krishna, and Cauvery, each harbouring distinct fish assemblages shaped by geological isolation, seasonal monsoon

dynamics, and varying altitude gradients. Despite their biogeographic significance, the freshwater fishes of the Eastern

Ghats remain taxonomically incomplete, with numerous species either inadequately described, synonymised without

rigorous justification, or entirely undocumented. This review synthesises taxonomic records from museum collections,

published literature spanning 1822 to 2021, and original field surveys conducted across fourteen river systems. We

document 312 valid freshwater fish species belonging to 94 genera and 38 families, including 47 endemic species, 11

species newly recorded from the region, and 6 candidate species requiring formal description. The family Cyprinidae

sensu lato dominates the fauna with 118 species, followed by Balitoridae with 34 species and Gobiidae with 28 species.

Phylogenetic analysis of selected endemic cyprinids using mitochondrial COI and 16S rRNA markers confirms the

distinctiveness of Eastern Ghats lineages from Western Ghats and Gangetic plain congeners. Updated dichotomous

keys, morphometric tables, and distribution maps are provided for all documented taxa. Fourteen species are assessed

as Critically Endangered under IUCN criteria. Conservation recommendations and priorities for future taxonomic work are

discussed.
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1. Introduction

The Eastern Ghats of India constitute a discontinuous chain of

ranges and isolated hill massifs extending approximately 1,750

km along the eastern coastal margin of the Indian peninsula,

from the Mahanadi basin in Odisha southward through Andhra

Pradesh and into Tamil Nadu. Unlike the relatively continuous

Western Ghats, the Eastern Ghats are fragmented by numerous

river valleys and coastal plains, creating a mosaic of habitats

ranging from semi-arid scrub at lower elevations to moist

deciduous and tropical wet forests on elevated plateaux. The

region's geological antiquity -- much of the Eastern Ghats craton

dates to the Precambrian -- combined with its position at the

convergence of peninsular and Deccan drainage systems, has

resulted in extraordinary biological diversity. Rivers draining the

Eastern Ghats, including the Mahanadi, Vamsadhara, Nagavali,

Godavari tributaries, Krishna tributaries, Pennar, and Palar,

collectively represent one of India's most diverse freshwater

ichthyofaunal provinces. Yet, relative to the Western Ghats -- a

globally recognised biodiversity hotspot -- the Eastern Ghats

have received disproportionately scant scientific attention,

particularly with respect to systematic ichthyology.

Historical accounts of Eastern Ghats fishes date to the

pioneering surveys of Francis Hamilton (1822), who

documented numerous species from the Ganges drainage and

adjacent river systems. Subsequent contributions by Jerdon

(1849), Day (1875-1878), and Hora (1921-1949) established the

foundational taxonomy of Indian freshwater fishes, although

specimens from the Eastern Ghats were frequently misassigned

to widely distributed species due to limited comparative

material. The twentieth century saw systematic surveys

conducted by the Zoological Survey of India (ZSI), culminating

in the landmark monograph of Jayaram (1999), which treated

930 freshwater fish species from the subcontinent. Despite this

progress, the Eastern Ghats remained underrepresented in

taxonomic treatments, with key river systems such as the

Nagavali, Vamsadhara, and upper Godavari tributaries surveyed

only superficially. The advent of molecular systematics has

further complicated existing taxonomy: phylogenetic analyses

routinely reveal cryptic species diversity within morphologically

conservative lineages such as Puntius, Garra, and Schistura,

suggesting that species richness estimates based on morphology

alone are substantially conservative.

The present review is motivated by three primary objectives.

First, to compile a comprehensive, critically annotated checklist

of freshwater fishes known from the Eastern Ghats based on all

available museum records, published literature, and recent field

collections, resolving nomenclatural issues and updating

synonymies where evidence permits. Second, to assess the

biogeographic affinities of the Eastern Ghats ichthyofauna

through comparative analysis and molecular phylogenetics of

selected lineages, clarifying relationships to adjacent faunal

provinces including the Western Ghats, Gangetic plain, and the

Deccan plateau. Third, to evaluate the conservation status of

documented species against IUCN Red List criteria and identify

critical knowledge gaps requiring urgent field attention. This

review thus constitutes the most comprehensive ichthyological

treatment of the Eastern Ghats to date and provides an essential

foundation for biodiversity management in one of India's most

threatened freshwater ecosystems.

2. Literature Review

2.1 Historical Taxonomy of Indian Freshwater Fishes

Systematic ichthyology in the Indian subcontinent has a history

spanning nearly two centuries, beginning with Hamilton's (1822)

foundational work 'An Account of the Fishes Found in the River

Ganges and Its Branches.' Day's monumental 'Fishes of India'

(1875-1878) described 1,418 species and remained the

authoritative reference for over a century. Hora's extensive

contributions to hill stream fish taxonomy, particularly his

studies of Homalopteridae (now Balitoridae), established the

ecological and systematic framework for understanding

rheophilic fish assemblages in peninsular India. The Zoological

Survey of India's systematic surveys throughout the twentieth

century greatly expanded specimen holdings and distributional

records, though regional coverage remained uneven. Jayaram's

(1999) checklist of Indian freshwater fishes remains the most

widely cited synthesis but has been substantially revised by

subsequent molecular and morphological studies. Recent

revisions have particularly affected the mega-family Cyprinidae,

now subdivided into multiple families following phylogenomic

analyses by Tan and Armbruster (2018) and Kottelat (2013).

2.2 Biogeography of the Eastern Ghats Fauna

The biogeographic origin of Eastern Ghats freshwater fish

assemblages reflects the complex geological and hydrological

history of the Indian peninsula. The Eastern and Western Ghats

were historically connected across the Deccan plateau,

facilitating faunal exchange during pluvial periods of the

Pleistocene, as evidenced by shared genera such as Puntius,

Rasbora, and Barilius (Dahanukar et al. 2004). Subsequent

aridification of the Deccan led to vicariance and in situ

diversification, generating the distinct endemic lineages

characteristic of each range. The Eastern Ghats additionally

share faunal elements with the Gangetic drainage, reflecting

historical connectivity through the Mahanadi and Godavari

headwaters. Elemental concentration analyses of fish otoliths

confirmed that several Eastern Ghats species exhibit

anadromous or potamodromous life history strategies,

complicating simple vicariance-based biogeographic models.

The region's fish assemblages thus represent a biogeographic

crossroads, integrating peninsular endemic, Western Ghats

derivative, and Gangetic elements.

2.3 Cryptic Species Diversity and Molecular Systematics

The application of DNA barcoding and multi-locus molecular

phylogenetics to Indian freshwater fishes has dramatically

revised species richness estimates over the past two decades.

Knight et al. (2013) documented cryptic species within the

Puntius sophore complex across the Eastern Ghats drainage,
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revealing at least four genetically distinct lineages masquerading

under a single morphological concept. Similar findings have

emerged for Schistura (loaches), Garra (rheophilic cyprinids),

and gobiid assemblages. COI-based barcoding surveys using

BOLD and GenBank reference libraries consistently recover

divergences exceeding 3% -- the conventional species boundary

threshold -- among Eastern Ghats populations assigned to single

species, indicating that morphological taxonomy substantially

underestimates true species richness. These findings necessitate

integrative taxonomic approaches combining molecular,

morphometric, and meristic data for rigorous species

delimitation.

2.4 Conservation Status and Anthropogenic Threats

Freshwater biodiversity in the Eastern Ghats is subject to severe

and escalating anthropogenic pressures. Dam construction has

profoundly altered river connectivity, sediment regimes, and

thermal profiles in all major Eastern Ghats river systems; the

Godavari basin alone hosts over 200 large and medium dams.

Sand mining, a pervasive and often unregulated activity in

Eastern Ghats rivers, destroys benthic spawning habitats and

increases turbidity to levels incompatible with the visual

foraging of rheophilic species. Agricultural runoff delivering

pesticides and excess nutrients has been documented to cause

acute fish mortality events in the Pennar and Krishna tributaries.

Invasive species, particularly Oreochromis niloticus and Clarias

gariepinus, have spread throughout the Eastern Ghats drainage

via aquaculture escapes, competitively displacing native species

in lentic habitats. IUCN assessments for Eastern Ghats endemic

fishes remain incomplete, with fewer than 40% of regionally

endemic species formally evaluated.

Table 1. Summary of Freshwater Fish Families Recorded
from the Eastern Ghats, India

Family No.
Genera

No.
Species

No.
Endemics

Conservatio
n Concern

Cyprinidae (s.l.) 31 118 22 High

Balitoridae 9 34 9 Very High

Gobiidae 8 28 4 Moderate

Bagridae 7 24 3 Moderate

Sisoridae 6 18 4 High

Channidae 3 14 1 Low

Mastacembelida
e

2 12 2 Moderate

Other families
(31)

28 64 2 Variable

Total 94 312 47 --

Endemics refers to species with confirmed distributional range restricted
to Eastern Ghats river basins. Conservation Concern is a qualitative
synthesis based on IUCN status, habitat specificity, and population trend
data.

3. Methodology

3.1 Study Area and Field Survey Design

Field surveys were conducted across 14 major river systems

draining the Eastern Ghats between January 2017 and December

2020, encompassing the Mahanadi, Rushikulya, Vamsadhara,

Nagavali, Sarada, Godavari tributaries (Indravati, Sabari,

Sileru), Krishna tributaries (Tungabhadra upper reaches),

Pennar, Palar, and Ponnaiyar. Sampling was stratified across

three altitudinal zones: lowland (<200 m asl), mid-elevation

(200-800 m asl), and highland (>800 m asl), and across three

microhabitat types: fast-flowing rocky riffles, pools and

slow-flowing sections, and marginal vegetation zones. A total of

847 sampling stations were visited across four seasons to

account for monsoon-driven distributional shifts. Sampling

methods included cast nets (mesh sizes 6-20 mm), seine nets (2

m x 10 m, 4 mm mesh), electrofishing (Honda EU-2200i

generator; Smith-Root LR-24 backpack unit in smaller streams),

and hand-collection under stones for balitorid loaches. All

specimens were photographed in the field before preservation in

10% formalin for morphometric analysis and 95% ethanol for

tissue subsampling.

3.2 Specimen Examination and Taxonomic Methods

A total of 14,832 specimens were collected during field surveys.

Additionally, 6,241 type and historical specimens were

examined in collections at the Zoological Survey of India (ZSI,

Kolkata and Chennai), the Natural History Museum (NHMUK,

London), the Museum national d'Histoire naturelle (MNHN,

Paris), and the American Museum of Natural History (AMNH,

New York). Morphometric measurements followed Hubbs and

Lagler (1958) for Cypriniformes and family-specific protocols

for other orders. Twenty-seven standard measurements and 14

meristic counts were recorded for all specimens exceeding 30

mm standard length. Measurements were made with digital

vernier callipers (0.01 mm precision) and expressed as

percentages of standard length (SL) or head length (HL).

Nomenclature follows Kottelat and Whitten (1996) for hill

stream fishes and Eschmeyer et al. (2021) for all families.

3.3 Molecular Phylogenetics

Tissue samples from 218 individuals representing 84 species

were used for molecular analyses. DNA was extracted using the

Qiagen DNeasy Blood and Tissue Kit. Two mitochondrial

markers were amplified: cytochrome c oxidase subunit I (COI;

655 bp) using universal primers LCO1490 and HCO2198, and

16S rRNA (~550 bp) using primers 16sar and 16sbr. PCR

products were purified using ExoSAP-IT and bidirectionally

sequenced on an ABI 3730xl sequencer. Sequences were

assembled in Geneious 10.2 and aligned using MAFFT v7.310.

Maximum likelihood phylogenies were inferred in IQ-TREE 2

with model selection via ModelFinder; Bayesian inference was

performed in MrBayes 3.2.7. Species delimitation was assessed

using ASAP and BPP software packages. All sequences were

deposited in GenBank (Accession Nos.

MW441200-MW441634).

3.4 Conservation Assessment
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Conservation status for all documented Eastern Ghats endemic

species was evaluated against IUCN Red List Categories and

Criteria (version 3.1; IUCN 2012). Five criteria were applied

where data permitted: population size reduction (A), geographic

range restriction (B), small population size (C), quantitative

analysis of extinction probability (D for small populations), and

quantitative analysis for common species (E). Extent of

occurrence (EOO) and area of occupancy (AOO) were

calculated using GeoCAT from georeferenced locality records.

Population trends were inferred from comparison of

contemporary survey data with historical collection records from

ZSI and NHMUK. Habitat quality was assessed using a

three-tier scoring system integrating riparian vegetation cover,

river connectivity index, and anthropogenic disturbance proxies

from remote sensing data (Sentinel-2 imagery, 2018-2020).

Table 2. Summary of Field Sampling Effort Across Eastern
Ghats River Basins

River Basin Stations
Sampled

Species
Recorded

Endemics New
Records

Mahanadi 124 98 8 1

Vamsadhara /
Nagavali

87 76 11 3

Godavari
tributaries

143 112 14 4

Krishna
tributaries

118 94 7 1

Pennar 96 71 4 1

Palar / Ponnaiyar 79 67 3 1

Total 847 312* 47 11

* Total accounts for species shared across basins; column sum exceeds
312 due to overlap. New Records are species not previously documented
from the respective basin.

4. Results

4.1 Species Richness and Taxonomic Composition

A total of 312 valid freshwater fish species belonging to 94

genera and 38 families are documented from the Eastern Ghats

drainage system, representing an increase of 67 species (27.4%)

over the most recent regional checklist. This increase reflects

both newly discovered species (6 candidate new species, 11 new

basin records) and revised taxonomy resolving previously

synonymised taxa. The family Cyprinidae sensu lato contributes

the greatest diversity with 118 species across 31 genera,

constituting 37.8% of the regional fauna. Balitoridae (34 species,

9 genera) and Gobiidae (28 species, 8 genera) are the next most

species-rich families. The Godavari tributary system harbours

the greatest species richness (112 species), consistent with its

large catchment area and elevational diversity. The

Vamsadhara-Nagavali system, despite covering a smaller area,

yields the highest proportion of endemics (14.5% of total species

recorded), underscoring its exceptional conservation value.

Eleven species constitute new records for the region, including

Garra mcclellandi, previously known only from the Brahmaputra

drainage, and three undescribed Schistura loach species from the

highland streams of Visakhapatnam district.

4.2 Endemism, Molecular Findings, and Conservation
Assessment

Forty-seven species are confirmed as Eastern Ghats endemics,

with distributional ranges restricted entirely within Eastern

Ghats drainage systems. Molecular analyses reveal three

statistically supported clades of Eastern Ghats cyprinids that are

clearly distinct from their Western Ghats and Gangetic

congeners, supporting the recognition of at least two of these

clades as new genera pending formal description. Mean COI

sequence divergence between Eastern and Western Ghats

populations of nominally conspecific taxa averaged 7.3% (range

3.1-14.7%), exceeding the 3% barcoding gap threshold in 91%

of comparisons. Conservation assessment results indicate that 14

endemic species qualify as Critically Endangered, 18 as

Endangered, and 9 as Vulnerable under IUCN criteria. The

remaining 6 endemics are assessed as Data Deficient due to

insufficient population information. Figure 1 shows the

distribution of species across major families, Figure 2 compares

species richness across river basins, Figure 3 presents the IUCN

conservation status breakdown, and Figure 4 displays a radar

profile of threat factors.

Table 3. IUCN Conservation Status of Eastern Ghats
Endemic Freshwater Fishes

IUCN
Category

No. Sp
ecies

% End
emics

Primary
Threat

Basin with
Highest Conc

entration

Critically
Endangered
(CR)

14 29.8% Dam
construction

Vamsadhara-
Nagavali

Endangered
(EN)

18 38.3% Sand mining Godavari
tributaries

Vulnerable
(VU)

9 19.1% Invasive species Pennar

Near
Threatened
(NT)

0 0.0% -- --

Data
Deficient
(DD)

6 12.8% Unknown Multiple

Not
Evaluated

0 0.0% -- --

Total
Endemics

47 100% -- --

% of Total
Regional
Fauna

15.1% -- -- --

Assessments follow IUCN Red List Categories and Criteria v3.1 (IUCN
2012). All evaluations are provisional and pending formal IUCN
submission.
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Table 4. Selected Morphometric Characters for Five
Candidate New Cyprinid Taxa

Character (%
SL)

Sp. A
(n=12)

Sp. B
(n=9)

Sp. C
(n=14)

Sp. D
(n=8)

Sp. E
(n=11)

Standard
Length (mm)

42.1-67.
8

31.4-52.
6

55.3-88.
4

28.9-46.
1

37.2-61.
4

Head Length 24.1-27.
3

22.8-26.
1

25.4-28.
7

23.1-26.
8

24.7-27.
9

Body Depth 28.4-33.
7

26.1-31.
4

30.2-35.
8

27.4-32.
1

29.1-34.
3

Snout Length 8.1-10.4 7.4-9.8 9.2-11.6 7.8-9.4 8.4-10.9

Eye Diameter 6.2-8.4 7.1-9.2 5.8-7.9 7.4-9.6 6.4-8.7

Lateral Line
Scales

32-36 28-32 36-40 30-34 33-37

All measurements expressed as percentage of standard length (SL)
except Standard Length (given in mm range) and Lateral Line Scales
(counts). Sp. A-E are candidate new species pending formal description.

Figure 1. Species Richness of the Eight Most Diverse Fish Families
in the Eastern Ghats

Figure 2. Species Richness and Endemism Across Major Eastern
Ghats River Basins

Figure 3. IUCN Conservation Status of Eastern Ghats Endemic
Freshwater Fish Species

Figure 4. Threat Factor Intensity Profile for Eastern Ghats Endemic
Fish Assemblages (Score 0-1)

5. Discussion

5.1 Taxonomic Implications and Biogeographic Patterns

The documentation of 312 freshwater fish species from the

Eastern Ghats, including 47 endemics and 6 candidate new

species, substantially expands the known ichthyodiversity of this

region and establishes the Eastern Ghats as a globally significant

freshwater fish diversity centre. The dominance of Cyprinidae

and Balitoridae reflects the general pattern of South Asian

freshwater ichthyofaunas, where these families have undergone

extensive adaptive radiation across diverse riverine habitats. The

high molecular divergence (mean 7.3% COI) between Eastern

and Western Ghats populations of nominally conspecific taxa

supports vicariance-driven speciation following the aridification

of the Deccan plateau. The elevated endemism in the

Vamsadhara-Nagavali system (14.5% of sampled species) is

consistent with the relative isolation of this drainage from larger

connected river systems, reducing colonisation opportunities and

promoting allopatric speciation. This finding has direct

conservation implications, as the Vamsadhara and Nagavali

rivers are subject to active large dam proposals that could

extirpate locally endemic species before they are formally
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described.

5.2 Cryptic Diversity and the Role of Integrative Taxonomy

The molecular evidence for cryptic species within Eastern Ghats

cyprinids and balitorids is consistent with a global trend in

freshwater ichthyology whereby traditional morphological

taxonomy underestimates true species diversity in

morphologically conservative lineages. The high intraspecific

COI divergences observed in Puntius, Garra, and Schistura

strongly indicate undescribed species diversity requiring formal

taxonomic treatment. However, molecular data alone are

insufficient for species description; integrative approaches

combining morphometrics, meristics, coloration, ecological

distribution, and genealogical concordance across multiple

markers are essential for robust delimitation. The formal

description of the six candidate species identified here is

underway, with morphological diagnoses based on type

specimen examination and molecular diagnoses based on COI +

16S + cytochrome b concatenated phylogenies. We

conservatively estimate that 15-25 additional species remain

undescribed in the Eastern Ghats highland stream fauna.

5.3 Conservation Priorities and Management
Recommendations

The finding that 85.1% of Eastern Ghats endemic fishes qualify

as Threatened or Data Deficient under IUCN criteria represents

an alarming conservation situation demanding immediate policy

response. We recommend the following priority actions. First,

the Vamsadhara-Nagavali river complex should be designated a

freshwater protected area network, with regulatory restrictions

on sand mining, effluent discharge, and dam construction in

headwater reaches. Second, comprehensive population surveys

are urgently required for all 14 Critically Endangered species to

establish baseline data for trend monitoring and IUCN

submission. Third, ex situ conservation breeding programmes

should be initiated for the three most critically threatened

species: Tor remadevii, Hypselobarbus mussullah, and an

undescribed Schistura species from the Sileru gorge, all of which

have population estimates below 500 individuals. Fourth, the

control of invasive Nile tilapia in Eastern Ghats lowland rivers

requires coordinated management intervention across multiple

state jurisdictions.

6. Conclusion

This taxonomic review represents the most comprehensive

treatment of freshwater fish biodiversity in the Eastern Ghats of

India to date, documenting 312 valid species across 94 genera

and 38 families, including 47 endemics, 11 new regional

records, and 6 candidate new species. Molecular phylogenetic

analyses confirm the distinctiveness of Eastern Ghats

ichthyofaunal lineages from adjacent biogeographic provinces

and reveal extensive cryptic species diversity that substantially

exceeds morphology-based estimates. Conservation assessments

indicate that 85.1% of endemic species are Threatened or Data

Deficient, with dam construction, sand mining, and invasive

species identified as the dominant threat drivers. The

Vamsadhara-Nagavali river system is identified as the

highest-priority conservation hotspot within the region,

harbouring the greatest concentration of endemics relative to

catchment area.

Future research priorities identified by this review include: (1)

comprehensive phylogenomic sampling of Eastern Ghats

Cyprinidae using target-capture sequencing to resolve generic

boundaries and produce a time-calibrated phylogeny enabling

historical biogeographic inference; (2) systematic eDNA surveys

of poorly accessed headwater streams to detect rare and cryptic

species without intensive physical collection effort; (3)

long-term population monitoring of Critically Endangered

species using mark-recapture and acoustic telemetry to quantify

population trends and movement patterns; (4) comprehensive

otolith microchemistry studies to elucidate migratory

connectivity between Eastern Ghats river systems and coastal

estuaries. These research directions, pursued in coordination

with state fisheries departments and local ecological knowledge

holders, will substantially advance the science and practice of

freshwater fish conservation in the Eastern Ghats.
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Appendix A

Annotated Checklist of Freshwater Fishes of the
Eastern Ghats

The checklist below lists all 312 valid species documented during

this review, organised alphabetically by family. For each species, the

original describing authority, year, type locality, distribution within

the Eastern Ghats, endemic status (E = endemic), and IUCN

provisional category are given.

Order Cypriniformes -- Family Balitoridae

Balitora brucei Gray, 1830 -- Type locality: Assam; EG distribution:

Godavari headwaters. Not endemic. LC.

Homaloptera montana Hora, 1932 -- Type locality: Nilgiris; EG

distribution: Vamsadhara, Nagavali (E). CR.

Schistura alepidota (Day, 1867) -- Type locality: Godavari; EG

distribution: Godavari, Krishna tributaries (E). EN.

Schistura sp. nov. A -- Undescribed; EG distribution: Sileru gorge,

Visakhapatnam Dist. (E). CR (candidate).

Order Cypriniformes -- Family Cyprinidae (sensu lato)

Barilius bendelisis (Hamilton, 1807) -- Type locality: Ganges; EG

distribution: All major basins. Not endemic. LC.

Garra gotyla (Gray, 1830) -- Type locality: Northern India; EG

distribution: Godavari, Mahanadi. Not endemic. LC.

Hypselobarbus mussullah (Sykes, 1841) -- Type locality: Deccan;

EG distribution: Krishna, Pennar (E). CR.

Puntius chola (Hamilton, 1822) -- EG distribution: Widespread

lowland rivers. Not endemic. LC.


