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The Dharamtar estuary has been receiving ecologists’ attention, as the ecosystem is highly-stressed due to
anthropogenic activities. This mangrove-associated critical ecosystem plays a vital role in the ichthyofaunal assemblages.
Thus, the objective of the present study was to describe the ichthyofaunal diversity and their assemblages. The samples of
the fishes were collected from Dol net landings from the Dharamtar estuary, part of the Arabian Sea. During the
investigation, a total of 91 fish species belonging to 37 families and 12 orders were recorded. The exotic species Clarias
gariepinus was recorded for the first time from the estuary. The fishes of the Dharamtar estuary were categorized as Not
Evaluated (32 %), Data Deficient (5 %), Least Concerned (56 %), Near Threatened (3 %), Vulnerable (3 %) and Endangered
(1 %) as per the IUCN criteria; where, 7 % of the species were traumatogenic, 5 % poisonous, 2 % venomous, and 1 % were
with potential pest characteristics. The rich diversity of the estuary is associated with the sheltered area provided by
mangroves that facilitates the assemblages, growth and survival of larval and juvenile fish. The results of the present
investigation will be helpful in stock differentiation, biological study, conservation, etc.
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Introduction

Estuaries and continental shelf areas of the sea
contribute to 5.2 % of the earth’s surface area and 2 %
of the ocean volume'. The worldwide estuaries and
coastal areas are facing the risk of destruction due to
the disproportionate growth of the human population,
riverine inputs and excessive utilisation of aquatic
resources™. As a result, fisheries management and
conservation of aquatic fauna have gained importance
in recent years*®. For the management and sustainable
exploitation of marine resources, it is essential to have
deep insight into the diversity and its availability with
respect to time and space”®. This becomes very much
important when fishery resources are declining’. In
India, Lakra et al'® reported 120 freshwater fish
species under threatened categories (71 EN and 49
VU), 12 under schedule I, para 2 (A) of the Indian
Wildlife Protection Act 1972, 6 species of freshwater
and 36 species of marine water reported in Indian
TUCN red list. It is due to the over usage of resources
and deterioration of natural habitats''. In addition, high
fishing pressure, juvenile catches and higher discard
rate have led to collapse of the estuarine ecosystems'.

The major threats to the ichthyofaunal diversity of
India are natural and anthropogenic stressors"> ", as
has been observed for fishes in the Dharamtar estuary.
The threats recorded for the estuary are overfishing,
juvenile fishing, use of non-selective gears, near shore
construction, siltation, sudden decline in salinity, and
encroachment in spawning grounds in the estuary.
The Dharamtar estuary is a transition zone between
the Amba and Patalganga rivers and the Arabian Sea.
Many industries and associated infrastructures,
including dockyards, textile industries, port and oil
refineries, are situated near the estuary. It is also used
as transport routes by cargo ships. The estuary is
surrounded by fishing communities and thus provides
livelihood and nutritional security to them. Dharamtar
estuary harbours a dense mangrove area and thereby
acts as a nursery ground for various fish species, apart
from its vital role in ecosystem services. The fish
diversity of the Dharamtar estuary was
underestimated in the previous study'®. Hence, for
conservation purposes, studies on the ichthyofaunal
diversity of the Dharamtar ecosystem become
inevitable.
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Material and Methods

Samples were collected from the Dol net landings
of Dharamtar estuary, located in Navi Mumbai,
Maharashtra (Fig. 1). For biometric characteristics,
the specimens were collected at the landing centre and
transported to the laboratory in ice, washed and
photographed with Canon EOS 1300D (DSLR
camera). Morphometric characters were measured by
digital Vernier callipers (accuracy: 0.01 mm) and
meristic characters were counted using a magnifying
glass in a well-illuminated background. Samples were
identified up to the species level by applying an
integrated approach using meristic, morphometric,
otolith and molecular features'”'®. Morphometric
measurements were taken using truss networks'’ ',
The saccular otolith (sagitta) were extracted from both
sides and cleaned with distilled water and diluted
bleach?®, air-dried, and stored in plastic vials for
photography.

Otoliths were photographed by a well-calibrated
Leica stereo-zoom microscope placing the rostrum to
the right and the convex side upwards. The analysis of
general otolith morphology was performed” and
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analysed by Sigma Scan Pro. DNA barcoding using
the COI gene was carried out by following the
phenol-chloroform method* and information on TUCN
status, feeding habits, migration and habitat of species
is collected based on the secondary data’'*"".

The diversity of fish species was determined based
on their presence/absence in the Dol net catches from
September 2018 to February 2020. Data analysis was
performed using software such as MS Excel,
Digimizer and Statistica.

Results

In the present study, 91 fish species belonging to
37 families under 12 orders were recorded from
the Dharamtar estuary, Maharashtra (Table 1).
OrderPerciformes contributed dominantly with 54 % of
the total fish species of the Dharamtar estuary, followed
by Clupeiformes (13 %), Pleuronectiformes (5 %),
Scorpaeniformes, Siluriformes, Anguilliformes,

Batrachoidiformes, Beloniformes, Carcharhiniformes,
Gadiformes and Orectolobiformes each contributing 3 %,
and Tetraodontiformes and Aulopiformes contributed 2
% each (Fig. 2).
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Fig. 1 — Geographical location of Dharamtar estuary (Generated using QGIS ESSEN (2.14.3) and Arc GIS 10.2)
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Table 1 — Ichthyofaunal diversity of the Dharamtar estuary and their characteristics

Species Habitat Threat to humans Feeding habit Migration  Fisheries  Habitat
Order: Anguilliformes
Family: Ophichthidae
Pisodonophis boro (Hamilton, 1822) FBM H Ca AN MC DE
Order: Aulopiformes
Family: Synodontidae
Harpadon nehereus (Hamilton, 1822) BM H Ca oC CO PE
Saurida tumbil (Bloch, 1795) M H A% oC CO PE
Saurida undosquamis (Richardson, 1848) BM H Ca oC CO PE
Order: Batrachoidiformes
Family: Batrachoididae
Colletteichthys dussumieri (Valenciennes, 1837) M H Ca oC MC DE
Order: Beloniformes
Family: Hemiramphidae
Hyporhamphus limbatus (Valenciennes, 1847) FBM H Ca PO MC PE
Order: Carcharhiniformes
Family: Carcharhinidae
Scoliodon laticaudus Miiller & Henle, 1838 BM H Ca AM CcO BP
Order: Clupeiformes
Family: Clupeidae
Anodontostoma chacunda (Hamilton, 1822) BM H Ca AN CO PE
Escualosa thoracata (Valenciennes, 1847) BM H Om AM CO CwW
Sardinella fimbriata (Valenciennes, 1847) M H Plv oC (0(0) PE
Sardinella melanura (Cuvier, 1829) BM H Plv ocC CO PE
Tenualosa toli (Valenciennes, 1847) FBM H Ca AN CO PE
Family: Engraulidae
Coilia dussumieri Valenciennes, 1848 FBM H Ca AM CcoO PE
Stolephorus indicus (van Hasselt, 1823) BM H Ca oC CO PE
Thryssa dayi Wongratana, 1983 M H Ca oC CO PE
Thryssa hamiltonii Gray, 1835 BM H Ca AM CO PE
Thryssa mystax (Bloch & Schneider, 1801) BM H Ca oC CO PE
Thryssa vitrirostris (Gilchrist & Thompson, 1908) BM H Ca oC CO PE
Family: Pristigasteridae
llisha melastoma (Bloch & Schneider, 1801) BM H Ca AM MC PE
llisha filigera (Valenciennes, 1847) BM H Ca AN MC PE
Opisthopterus tardoore (Cuvier, 1829) BM H Ca AM MC PE
Pellona ditchela Valenciennes, 1847 BM H Ca AN CO PE
Order: Gadiformes
Family: Bregmacerotidae
Bregmaceros meclellandi Thompson, 1840 BM H Ca oC CO ()%
Order: Orectolobiformes
Family: Hemiscylliidae
Chiloscyllium griseum Miiller & Henle, 1838 FBM H Ca oC BAN PE
Order: Perciformes
Family: Ambassidae
Ambassis miops Glinther, 1872 BM H Ca AM MC (0%
Family: Carangidae
Alepes kleinii (Bloch, 1793) M H Ca oC MC CW
Atropus atropos (Bloch & Schneider, 1801) M H Ca AM MC PE
Family: Carangoides
Carannmgoides coeruleopinnatus (Riippell, 1830) BM H Ca AM MC CW
Caranx ignobilis (Forsskal, 1775) BM Po Ca oC CO CcwW
Megalaspis cordyla (Linnaeus, 1758) BM H Ca AM CO PE
Parastromateus niger (Bloch, 1795) BM H Ca AM CO PE
Family: Eleotridae
Butis butis (Hamilton, 1822) BM H Ca AM MC PE

(Contd.)
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Table 1 — Ichthyofaunal diversity of the Dharamtar estuary and their characteristics — (Contd.)

Species

Gerres filamentosus Cuvier, 1829

Family: Gobiidae

Bathygobius niger (Smith, 1960)
Boleophthalmus boddarti (Pallas, 1770)
Boleophthalmus pectinirostris (Linnaeus, 1758)
Boleophthalmus dussumieri Valenciennes, 1837
Drombus globiceps (Hora, 1923)
Glossogobius giuris (Hamilton, 1822)
Glossogobius minutus Geevarghese & John, 1983
Odontamblyopus roseus (Valenciennes, 1837)
Parachaeturichthys polynema (Bleeker, 1853)
Trypauchen vagina (Bloch & Schneider, 1801)
Family: Lactariidae

Lactarius lactarius (Bloch & Schneider, 1801)
Family: Leiognathidae

Gazza minuta (Bloch, 1795)

Family: Lutjanidae

Lutjanus johnii (Bloch, 1792)

Family: Mugilidae

Chelon parsia (Hamilton, 1822)

Valamugil cunnesius (Valenciennes, 1836)
Ellochelon vaigiensis (Quoy & Gaimard, 1825)
Family: Menidae

Mene maculata (Bloch & Schneider, 1801)
Family: Polynemidae

Polydactylus mullani (Hora, 1926)
Eleutheronema tetradactylum (Shaw, 1804)
Family: Scatophagidae

Scatophagus argus (Linnaeus, 1766)

Family: Sciaenidae

Dendrophyssa russelli (Cuvier, 1829)

Johnius dussumieri (Cuvier, 1830)

Johnius belangerii (Cuvier, 1830)

Johnius elongatus Lal Mohan, 1976

Johnius macrorhynus (Lal Mohan, 1976)
Joniops boreneesis (Bleeker, 1851)

Otolithes cuvieri Trewavas, 1974

Otolithes ruber (Bloch & Schneider, 1801)
Orolithoides biauritus (Cantor, 1849)
Protonibea diacanthus (Lacepéde, 1802)
Family: Scombridae

Scomberomorus guttatus (Bloch & Schneider, 1801)
Family: Siganidae

Siganus canaliculatus (Park, 1797)

Family: Sillaginidae

Sillago sihama (Forsskal, 1775)

Family: Sphyraenidae

Sphyraena jello Cuvier, 1829

Family: Stromateidae

Pampus argenteus (Euphrasen, 1788)

Pampus chinensis (Euphrasen, 1788)

Family: Terapontidae

Terapon jarbua (Forsskal, 1775)

Terapon theraps Cuvier, 1829

Family: Trichiuridae
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Table 1 — Ichthyofaunal diversity of the Dharamtar estuary and their characteristics — (Contd.)

Species Habitat
Eupleurogrammus muticus (Gray, 1831) BM
Eupleurogrammus glossodon (Bleeker, 1860) M
Lepturacanthus savala (Cuvier, 1829) BM
Order: Pleuronectiformes

Family: Cynoglossidae

Cynoglossus lingua Hamilton, 1822 FBM
Cynoglossus macrostomus Hamilton, 1822 FBM
Cynoglossus arel (Bloch & Schneider, 1801) BM
Cynoglossus lachneri Menon, 1977 M
Lepturacanthus savala (Cuvier, 1829) BM
Family: Soleidae

Solea elongata Day, 1877 M
Order: Scorpaeniformes

Family: Platycephalidae

Grammoplites scaber (Linnacus, 1758) BM
Grammoplites suppositus (Troschel, 1840) M
Order: Siluriformes

Family: Ariidae

Arius arius (Hamilton, 1822) BM
Arius maculatus (Thunberg, 1792) FBM
Nemapteryx caelata (Valenciennes, 1840) BM
Nemapteryx nenga (Hamilton, 1822) BM
Osteogeneiosus militaris (Linnaeus, 1758) FBM
Plicofollis layardi (Day, 1877) BM
Family: Clariidae

Clarias gariepinus (Burchell, 1822) F
Order: Tetraodontiformes

Family: Tetraodontidae

Lagocephalus lunaris (Bloch & Schneider, 1801) BM
Takifugu oblongus (Bloch, 1786) BM

Threat to humans Feeding habit Migration  Fisheries  Habitat
H Ca AM CcO BP
H Ca AM CO BP
H Ca AM CcO BP
H Ca AM CO BP
H Ca AM CO BP
H Ca AM CcO DE
H Ca ocC CcO DE
H Ca AM CcO BP
H Ca oC CcO DE
H Ca AM MC DE
H Ca AM MC DE
Tr Ca AM CO DE
Tr Ca PO CO DE
Tr Ca AM CO DE
Tr Ca AM CO DE
Tr Ca PO CO DE
Tr Ca AM MC DE
Pp Om PO BAN BP
Po Ca oC NIF DE
H Ca OoC NIF DE

F - Freshwater, B - Brackishwater, M - Marinewater, H - Harmless, Tr - Traumatogenic, Pp - Potential pest, Po - Poisonous,
VE - Venomous, Ca - Carnivorous, OM - Omnivorous, Plv - Plantivorous, Ha - Herbivore, Vf - Voracious feeder, AM - Amphidromous,
PO - Potamodromous, OC - Oceanodromous, NM - No Migration, CAT - Catadromous, AN - Anadromous, MC - Minor Commercial,
CO - Commercial, BAN - Banned, NIF - Not Interested Fishery, DE - Demersal, PE - Pelagic, BP - Bentho-Pelagic, CW - Coastal water,
NE - Near Threatened, LC - Least Concerned, DD - Data Deficient, VU - Vulnerable, NT - Near Threatened, and EN - Endangered

Orders

2% ‘ M Aulopiformes

® Anguilliformes

1 Batrachoidiformes
Beloniformes

B Carcharhiniformes

M Clupeiformes

B Gadiformes

M Orectolobiformes

B Pleuronectiformes

M Perciformes

M Scorpaeniformes

B Siluriformes

W Tetraodontiformes

Fig. 2 — Characterization of ichthyofauna of Dharamtar estuary
based on their classification (Order level)

In the current work, the maximum number of species
belonged to Family Sciaenidae and Gobiidae
(10 species each), followed by Ariidae (8),
Carangidae (6), Engraulidae (6), Clupeidae (5) and
Cynoglossidae (5 species; Fig. 3). The species
recorded were categorized as Not Evaluated (NE; 32
%,) Data Deficient (DD; 5 %), Least Concern (LC; 56
%), Near Threatened (NT; 3 %), Vulnerable (VU; 3
%) and Endangered (EN; 1 %) (Fig. 4).

The species were also categorized based on the threat
to humans where harmless species were 85 % followed
by traumatogenic (7 %), poisonous (5 %), venomous
(2 %) and species as potential pest contributed to 1 %
(Fishbase, 2020; Fig. 5). The ichthyofaunal diversity of
the Dharamtar estuary is composed of 43 % pelagic,
38 % demersal, 10 % benthopelagic and reef-associated
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Fig. 4 — Characterization of Dharamtar estuary ichthyofauna
based on IUCN categories (NE - Near Threatened, LC - Least
Concerned, DD - Data Deficient, VU - Vulnerable, NT - Near
Threatened, and EN - Endangered)

and 9 % coastal water species (Fig. 6). Also, the
diversity is comprised of 47 % amphidromous fish
species followed by 33 % oceanodromous, 6 %
catadromous, 4 % potamodromous, 6 % anadromous
and 4 % resident species (Fig. 7). Of the species
recorded, 63 % are commercially important, 30 % minor
commercial, 5 % are non-sought-for species, and 2 %
are banned fish species (Fig. 8). Based on the feeding
ecology of the reported species, 84 % were carnivores, 9
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3 — Family-wise distribution of genera of Dharamtar estuary ichthyofauna

Threat to human
VE, 2%

Fig. 5 — Characterization of Dharamtar estuary ichthyofauna
based on the threat to humans (Tr - Traumatogenic, Pp - Potential
pest, Po - Poisonous, and VE - Venomous)

% herbivores, 4 % omnivores, 2 % planktivores, and 1
% was voracious feeder (Fig. 9).

Discussion
The icthyofaunal diversity, recorded during the
present study, is the first comprehensive

documentation of fish species from the Dharamtar
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Fig. 6 — Classification of ichthyofauna of Dharamtar estuary based
on their habitat (DE - Demarsal, PE - Pelagic, BP - Bentho-Pelagic,
and CW - Coastal Water)

Migration

CAT, 6% AN, 6%

Fig. 7 — Classification of ichthyofauna of Dharamtar estuary based
on their migration patterns (AM - Amphidromous, PO -
Potamodromous, OC - Oceanodromous, CAT - Catadromous,
AN - Anadromous, and NM - No Migration)

estuary. The previous investigation from the area
reported only 31 fin fishes'®. Documentation of the
diversity under different categories will help
formulate the desired conservation measures for
sustainable utilisation. The species recorded under the
order Perciformes were the most dominant, followed
by Clupeiformes and Siluriformes. The results are
obvious, as order Perciformes is the most diverse taxa
of marine fishes™. In the present investigation, 2 % of
species were categorized as NT, 3 % as VU and 1 %
as EN, indicating the need for management and
conservation measures. The looming threats to fishery
resources in the Dharamtar estuary include

Fisheries

mMC

mCOo

m BAN

W NIF

Fig. 8 — Classification of ichthyofauna of Dharamtar estuary based
on their commercial importance (MC - Minor Commercial,
CO-Commercial, BAN - Banned, and NIF- Not Interested Fishery)

Feeding habits
Vf, 1%

Plv, 2%

mCa
mOM
= Plv
" Ha

m Vf

Fig. 9 — Classification of ichthyofauna of Dharamtar estuary based
on their feeding habit (Ca - Carnivorous, OM - Omnivorous,
Plv - Plantivorous, Ha - Herbivore, and Vf - Voracious feeder)

indiscriminate fishing, destructive fishing methods,
habitat modification, siltation, industrial pollution,
mangrove deforestation and port construction, which
may damage the Dharamtar estuarine ecosystem™.
Though complete information on the diversity of
fishes, their distribution, reproductive biology and
growth is a pre-requisite for effective resource
management strategy and conservation®’, banning of
indiscriminate fishing practices, especially during
breeding and spawning season, protection of breeding
grounds, control over pollutants, construction of fish
bypasses for fish migration, introduction of
aquaculture, restocking of commercially important
fishes and ban on plastics, raising awareness among



898

the fisherman about fishery resources and aquatic
ecosystem conservation’ may improve the ecological
conditions and thus, production.

The family Mugilidae, revised by Eschmeyer &
Fong®’, was considered in Perciformes and placed
between Cichlidae and Cepolidae, while Nelson™
placed the family Mugilidae in the order Mugiliformes
(Froese & Pauly)” and the same classification
(Eschmeyer & Fong®’) is followed in the present study.
The number of fin fish species recorded in the current
work may not be final and may change in future.

Conclusion

This investigation provides the current status of
ichthyofaunal diversity in the Dharamtar estuarine
ecosystem, describing different types of fishes, such as
poisonous, non-poisonous, traumatogenic, and
venomous, and their migration pattern along with
IUCN status. The findings will be beneficial for future
biological studies, stock differentiation, conservation
planning and management of fishery resources from
the estuary.
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