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Abstract Interruption in the connectivity provided by the free-flowing river is the most critical issue threatening
the life of migratory fishes. Unlike other rivers of Southern Western Ghats, the Meenachil River does not have any
hydroelectric dams. Instead, it has several check dams without fish passages along its course, fragmenting the river
into discrete lentic zones hampering fish migration. The present study conducted in the Meenachil River of Southern
Western Ghats from 2015 to 2019 documented the different migratory fishes of the river and their abundance during
different seasons in correlation to the precipitation pattern of the region. Thirteen fish species under catadromous,
anadromous, and oceanodromous migrants belong to seven orders, ten families, and twelve genera were recorded in
the study. Monsoon is the only season when the river overflows the check dams, restoring the river’s continuity and
lateral connectivity. A significant positive correlation was observed (p=0.59 .p< 0.05) between the rainfall pattern
and the abundance of migratory fishes during the study period. The nearly threatened migrants of the river, Anguilla
bengalensis recorded the lowest relative abundance of 0.23 and Wallago attu 1.14, respectively. Indiscriminate
monsoon catching of the gravid species Labeo dussumeiri and Wallago attu during their spawning migrations
upstream using specially designed aerial traps was reported. Other monsoon traps Cheru and Perumkoodu set along
the flooded river’s lateral connections targeted the floodplain migrants of the river Heteropneustes fossilis, Channa
striata and Channa marulius. Gill net traps were set along the migratory pathways to catch  Horabagrus
brachysoma, a vulnerable species. The salinity barrier Thanneermukhom Bund in Vembanadu Lake, the confluence
zone of the river, prevents the migration of the Anguilla bengalensis, Megalops cyprinoides and Mystus gulio
between Meenachil River and the Arabian Sea.
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1. Introduction

Migration of fishes can be distinguished from other
types of movements as it is directed rather than random
and occurs seasonally or regularly between two or more
segregated habitats involving a considerable portion of the
population [1]. Fish species tend to migrate within or
between rivers and oceans for breeding and non-breeding
purposes, which is critical for survival [2,3]. Globally,
migratory fish populations are disproportionately threatened
compared to other fish groups showing a drastic decline
between 1970 and 2016 in tropical and temperate regions
[4]. Interruptions in the connectivity provided by the
free-flowing riverine system are the most critical issue
threatening the life history of migratory fishes [5]. Many
artificial barriers, such as dams, culverts, road crossings,
and weirs, can change the flow regime interrupting the

connectivity of rivers to the downstream floodplain
habitats, impeding migratory fish movement, and reducing
their ability to complete their lifecycle [6]. Another
significant issue is the trapping of gravid migrants during
their spawning migrations. As fish migration is a cyclic
and predictable phenomenon, the migrants can be easily
exploited [7] during their massive migratory trips by
indigenous fishermen using skillfully designed species-
targeted traps [8].

There are significant information gaps in the knowledge
of migratory fish species, particularly from South America,
Asia, and Oceania. These gaps are clearly reflected in the
Global Register of Migratory Fishes (GROMS) [9]. There
are several migratory species whose biology, migration
time, and stages are poorly understood or completely
unknown [10]. Unfortunately, knowledge about migratory
fish from Western Ghats Rivers is still limited. No such
attempts have been documented from the rivers of Kerala
except the work conducted by Gopalakrishnan and Klaus
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[11], which has contributed to strengthening the GROMS.
As many of the migratory fishes of the Western Ghats
Rivers of Kerala are endemic and the most exploited ones
of the river are categorized by IUCN as nearly threatened
and vulnerable, an intensive regional survey to document
the present ecological status of the migrant fish fauna of
the river is crucial for its conservation. The present study
is an attempt to explore the migrant fishes of the river, its
abundance correlated to seasonal and annual rainfall,
and to evaluate the present threats in perspective to
conservation.

2. Material and Methods

2.1. Study Area

Meenachil River of Southern Western Ghats is a
relatively short river in Kerala, 78kms long, with a
catchment area of 1272 km2. Its watershed extends from a
latitude of 9°25' to 9°55' and longitude of 76°20' to 76°55'.
The major tributary originates at Annakunnumudi at an
elevation of +922m above MSL. It is among the few rivers
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of Kerala without a hydropower dam. Nevertheless, the
river is interrupted throughout its course by several check
dams (Table 1) and the salinity barrier Thanneermukhom
Bund in the Vembanadu Lake between the confluence
zone of the river and the Arabian Sea. The midstream
stretch of the river receives several tributaries linked to the
major flood plains (Figure 1).

2.2. Sampling Method

Sampling was done from the different locations of the
upstream, midstream, and downstream (Table 2) stretches
of the Meenachil River during the monsoon (June to
September), pre-monsoon (February to May), and
post-monsoon (October to January) seasons from January
2015 to December 2019. Sampling stations from
the midstream and downstream stretches were selected
based on the river's lateral connections to the wetlands
and low-lying plains. Cast nets, gill nets, bag nets,
hooks, and lines were used to collect the fish. Fish
collected by the local villagers using specially designed
traps during the monsoon seasons were also included in
the sampling.
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Figure 1. Map of Meenachil River showing the sampling locations and check dams

Table 1. GPS co-ordinates of the check dams in the Meenachil River

SL.NO SITE LATITUDE LONGITUDE
1. KATTACHIRA 9.6899°N 76.6364°E
2. KALARIYAMMACKAL PALA 9.7081°N 76.6962°E
3. 6™MILE ERATTUPETTA 9.6964°N 76.7647 °E
4. VADAKKEKARA ERATTUPETTA 9.6858 °N 76.7751°E
5. POONJAR PALLIVATHICKAL 9.6767°N 76.8344°E
6. PERINGALAM 9.6984°N 76.7266 °E
7. CHENNADU PANNIKKAADAN THODU 9.6361°N 76.8130°E
8. PATHAM PUZHA 9.7551°N 76.9032°E
9. THIDANAD TOWN 9.6579°N 76.7774°E

10.. CHITTAR THADAYANA 9.5916°N 76.5222°E
11. EELAKKAYAM 9.6959 °N 76.7836 °E




Table 2. GPS co-ordinates of sampling locations in the Meenachil
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The collected fishes were identified referring to the

River standard literature by Jayaram [12], Talwar and Jinghran
Samoling site Geographical co-ordinates [13]. Migratory species were identified according to the
Ping LATITUDE LONGITUDE norms specified by the Global Register of Migratory
TEEKOY 9.7028°N 76.8115°E Species [9] after Mc Dowal [14]. Fishbase [15] and
POONJAR 9.6690°N 76.8012°E Eschmeyer's Catalog of Fishes [16] were strictly followed
BHARANGANAM 0.6994°N 76.7250 °E to avoid the nomenclatural ambiguity of migratory species.
MUTHOLY 9.6923°N 76.6431°E The annual, seasonal, and relative abundance of migratory
CHERPUNKAL 9.6852°N 76.6384°E fishes was documented (Figure 2 and Table 4). The
KATTACHIRA 9.6899°N 76.6364°F rainfall data (2015 to 2019) for the region was retrieved
KUMARAKOM 9.3534°N 76.2607°E from the Indian Meteorological Department (IMD) and

Climate Research Unit (CRU), Pune.
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Figure 2. Graph showing the relative abundance of the migratory fishes of the Meenachil River during the period 2015-19.

Table 3. Migratory Fishes of Meenachil River showing their zone of distribution (U-Upstream; M- Midstream; D- Downstream) with type of
migration (V-Vertical; L-Lateral) and IUCN Status (NT-Nearly Threatened; LC-Least Concerned; VU-Vulnerable; DD-Data deficient)

SPECIES NAME | | TYPE OF MIGRATION | IUCN STATUS
ANGUILLIFORMES

Anguillidae

Anguilla bengalensis (Gray, 1831) | | Catadromous | NT
CYPRINIFORMES

Cyprinidae

Labeo dussumieri (Valenciennes, 1842) M, D Potamodromous LC
Systomus sarana (Hamilton, 1822) M, D Potamodromous LC
SILURIFORMES

Horabagridae

Horabagrus brachysoma (Giinther, 1864) | | Amphidromous | VU
Bagridae

Mystus gulio (Hamilton, 1822) | | Anadromous | LC
Siluridae (buttercatfishes)

Wallago attu (Bloch & Schneider, 1801) | | Potamodromous | NT
Heteropneustidae (stinging catfishes)

Heteropneustes fossilis (Bloch, 1794) | | Potamodromous | LC
CICHLIFORMES

Cichlidae (pearl spot)

Oreochromis mossambicus(Peters, 1852) | | Amphidromous. | LC
SYNBRANCHIFORMES

Mastacembelidae(spiny eels)

Mastacembelus armatus (Lacepéede, 1800) Potamodromous LC
Macrognathus guentheri (Day, 1865) Potamodromous LC
ANABANTIFORMES

Channidae (snakeheads)

Channa striata (Bloch, 1793) M, D Potamodromous LC
Channa marulius (Hamilton, 1822) M, D Potamodromous LC
ELOPIFORMES

Megalopidae

Megalops cyprinoides (Broussonet, 1782) | | Amphidromous. DD
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Table 4. Relative abundance of the migratory fishes of the Meenachil
River during the period 2015-19

NAME OF FISH RELATIVE ABUNDANCE IN %
Anguilla bengalensis 0.23
Labeodussumieri 40.49
Systomussarana 1.35
Horabagrusbrachysoma 9.10
Mystus gulio 8.16
Heteropneustes fossilis 10.93
Wallago attu 1.14
Oreochromis mossambicus 454
Mastacembelus armatus 2.42
Macrognathus guentheri 0.35
Channa striata 9.81
Channa marulius 3.63
Megalops cyprinoides 7.85
2.3. Analysis

In order to evaluate the association of rainfall trends
with the abundance of migratory fishes in the river, a
correlation between seasonal rainfall and abundance
during the five years was carried out with the help of
SPSS software version 29. Climograph (Figure 14 —
Figure 16) were prepared in Excel to show the correlation
between fish abundance and rainfall during the monsoon,
pre-monsoon, and post-monsoon periods.

3. Results

A significant positive correlation was recorded
(p=0.59 p < 0.05) between the amount of rainfall and the
abundance (Figure 18) of migratory species recorded
during the study period. The years from 2015 to 2019
showed variations in abundances correlated to the annual
rainfall received in the region (Figure 17). The year 2018,
with an extreme flash flood that recorded maximum
rainfall followed by the year 2019. 2016 was the year with
the lowest rainfall recorded during the study period. The
maximum abundance of fish was recorded during the
monsoon of the year 2019, and least abundance was
recorded during the pre monsoon of 2016 (Figure 13). The
lowest relative abundance of 0.23 was recorded for
Anguilla bengalensis and 1.14 for the vulnerable species
Wallago attu.

Figure 3. Check dam without fish passages

Figure 7. The trapped gravid L. dussumieri
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Figure 13. Spider chart showing the seasonal abundance of migratory
fishes of the Meenachil River from 2015-2019.(PRM-Pre-monsoon,
MON-Monsoon and POM-Post-monsoon)
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Figure 14. Climograph showing premonsoon abundance and rainfall
(2015-2019)

Figure 10. Perumkoodu

3500 3500

. 3000 3000 €
2 E
@ 2500 2500 =
[T (C
z E
S 2000 2000 €
s £
B 1500 1500 g
= c
% 1000 1000 8
[ c
[*} o
£ 500 500 =S
2

S 0 0

2

2015 2016 2017 2018 2019
=== MON ABUNDANCE
Year MON RAINFALL

Figure 15. Climograph showing monsoon abundance and rainfall (2015-
Figure 11. Setting gillnet traps in migratory paths 2019)
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Figure 16. Climograph showing post monsoon abundance and rainfall
(2015-2019)
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Figure 17. Climograph showing annual abundance and rainfall (2015-
2019)
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Figure 18. Statistical correlation between Rainfall and Abundance of
migratory fishes in Meenachil River (2015-2019)

4. Discussion

The classification of fish migration followed for
this work is in line with GROMS [14]. There are
approximately 1,100 species of migratory freshwater fish
worldwide [17], and these can be divided into three groups
based on their ecological migration patterns anadromous
species, which move from the sea to freshwater to spawn;
catadromous species, which move from freshwater to the
sea to breed and spawn, and potamodromous species,
which move within the freshwater systems.

As the different phases of the life cycle of migratory
species consist of journeying to the different regions of the

river or between the river, the confluence estuarine zone,
and the sea, the continuity of flow is a critical factor
determining their abundance and survival. Fragmentation
of rivers due to different barriers, dams, or check dams
without fish passages can interfere with the different life
cycle stages of the riverine species [18]. Even though the
Meenachil River is undammed, the continuity of the river
is interrupted by numerous check dams along the river
without fish passages (Figure 3 and Figure 4). The
recharging of the rain-fed Western Ghats Rivers occurs
annually during the monsoon seasons. An increased river
discharge during the flood cycles was reported as one
among the major factors favoring the spawning migration
of fishes [19,20]. Flooding of the river provides favorable
spawning and foraging grounds for the adult fishes, which
can be correlated to the increased abundance of the
migratory fishes documented in 2019 after the extreme
flashflood of 2018 occurred in Kerala [8].

The only season where the Meenachil River restores its
continuity is during the monsoon and flooding when the
water level overflows the check dams (Figure 4). In
addition to the check dams in the river, the
Thanneermukkom saltwater barrage, constructed in the
river's confluence zone, the Vembanadu Lake to support
paddy farming, hinders fish and shellfish migration and
reproduction. The barrage prevents access to the
catadromous migrant A. bengalensis and the anadromous
species, M. cyprinoides, from the estuarine confluence
zone to Arabian Sea when it is closed during the pre-
monsoon season.

The least abundance of the anadromous, catadromous,
and potamodromous migratory fishes of the river
documented during the pre-monsoon season (Table 3)
reflected the negative impacts of check dams on river flow
and continuity, interrupting the journey of the migrants.
Anguillid eels are facultatively catadromous, making them
vulnerable to a variety of possible dangers at every stage
of their life cycle. Dams and weirs are significant
obstacles that limit the amount of freshwater habitat that is
available, prohibit eels from moving upstream and
downstream, or, worse yet, directly kill migrating eels
[21,22]. The changing oceanic conditions as a result of
climate change also interfere with larval eel migration and
the subsequent recruitment of glass eels to continental
waters [23,24]. The increase in abundance of the
threatened species A. bengalensis after the floods of 2018
and 2019 in the Meenachil River reflected the significance
of river continuity for the successful catadromous
migration of the species.

Another factor significantly influenced the abundance
of the potamodromous migrants in the Meenachil River
was the massive catching of the spawners by the villagers
during the monsoon season using species-specific traps.
During the first few days of the Southwest-monsoon, the
freshwater fishes perform their massive migration
upstream from the lower stretches of rivers and inland
water bodies to pair and deposit their eggs. In the low-
lying plains of Kerala, the fish use the paddy fields linked
with the main river through tributaries or artificial canals
as their preferred breeding ground. When the paddy fields
are sufficiently inundated to allow the eggs to be
effectively laid, the fish make their way along these canals.
Fishes that actively engaged in this migration include
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carps (Cyprinidae), catfish (Bagridae and Siluridae), and
perches (Cichlidae) [25]. The gonad recrudescence and
spawning migration of the cyprinid L. dussumieri
synchronized with the onset of the southwest monsoon. A
serious threat noticed for the cyprinid L. dussumieri in the
Meenachil River was the massive capture of the spawners
migrating from downstream to upstream during the
monsoon. They often jump across the major check dams
to reach upstream tributaries for spawning. Skillfully
designed traditional traps (Figure 5 — Figure 7) set across
the river at the major check dam site promotes the massive
hunting of the gravid species [8].

Massive catching of the Silurid species Wallago attu
and the Bagrid species H. brachysoma was noticed during
their breeding migration using fixed gill net traps
(Figure 11 and Figure 12) set along their lateral migratory
pathways during the monsoon. H. brachysoma populations
have dropped sharply in the rivers of Western Ghats over
the past few years [26]. It is one of the most significant
food and ornamental species exploited in the inland waters
of that state. The species could therefore be thought of as a
potential "flagship species" that can be exploited to raise
the environmental profile of inland biodiversity and serve
as a focal point for conservation efforts [27].

A drastic decline in the number of the giant catfish
Wallago attu in the river also needs special mention.
Being the most famous and favorite freshwater fish
delicacy of Kerala, the overexploited and wvulnerable
Silurid species are very few in number at present,
facing a severe threat as they were caught in the
special monsoon traps (Figure 4) set during their lateral
breeding migrations [25]. Cheru and Perumkoodu set
along the flooded river’s lateral connections targeted
the floodplain migrants of the river Heteropneustes
fossilis, Channa striata and Channa marulius (Figure 8 -
Figure 10).

The migratory fishes of the Meenachil River with least
relative abundances, A. bengalensis belongs to the nearly
threatened and H. brachysoma, endemic to Western Ghats,
belongs to the vulnerable categorization of IUCN. L.
dussumieri, presently abundant in the Meenachil River,
was categorized in 1997 as "endangered" according to
IUCN criteria due to its restricted distribution, loss of
habitat, over-exploitation, and destructive fishing practices
in the "Conservation Assessment Management Plan™
workshop for the evaluation of freshwater fishes of India
[26,28]. Considering the present overexploitation of the
species during its breeding period, strict legal measures
have to be implemented to prevent the species, which
was currently considered as "LC," going back to the
endangered category. The common species S. sarana and
the endemic species M. guentheri although categorized as
least concerned by IUCN, showing lower relative
abundances in the present study, has to be given regional
consideration.

The declining abundance of the above migratory fishes
emphasizes the need for executing legal measures for their
regional and global conservation. The present study
recommends an urgent need for implementing a "no
fishing season" in the rivers of Western Ghats during their
breeding season with strict restrictions on the massive
trapping of spawners during their breeding migrations.

5. Recommendations

Ensure river-specific policy protections to support the
abundance of migratory fish species which includes the
following: 1) Allowing rivers to flow more naturally
2) protecting the critical wetlands 3) Ending overfishing
and unsustainable sand mining 4) Safeguarding and
restoring river connectivity through better planning of
dams and other infrastructure, 5) providing proper fish
passages or fish ladders 6) Controlling invasive species
and 7) through public relations, awareness, and
educational efforts such as “World Fish Migration Day” to
raise the public knowledge of the migratory freshwater
fishes.

6. Conclusion

Long term research and documentation is needed to
understand the fate of migratory freshwater fish and to
create workable solutions that restore and safeguard the
fishes and their habitats. However, it is abundantly
obvious from the fact that many migratory fishes are still
in danger and that urgent action must be taken to find and
adopt remedies before it is too late. A number of policy
documents and other solutions-oriented activities are
available which can be used effectively to guide the
efforts for the conservation of the migratory fishes.
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