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Abstract  The study deals with fisheries management in
Chaltia, a sewage fed lower Gangetic floodplain
wetland of West Bengal, in the context of changing
climate. The study was conducted through primary
investigation coupled with a stakeholder driven
approach. All the respondents perceived rise in
temperature, reduction in rainfall, and incidence of
extreme events as increasing threats to the wetland
fisheries. The water quality parameters indicated the
highly productive nature of the wetland. The APC of
bacteria ranged from 4950 to 5800 with an average value
of 5350±720 CFU/ml. The trophic state index (67.7)
indicated eutrophic nature. The fishers have adopted
Pen culture utilizing fast-growing hardy species viz.
Pangasianodon hypophthalmus and Oreochromis
niloticus, converting the waste into blue carbon. The
present fish yield realized through culture-based
fisheries ( CBF) practices from Chaltia wetland is 4745
kg/ha/yr which is much higher than the average yield of
wetlands of India. The study describes the SWOT
analysis, discusses different approaches, and
recommends important measures for sustainable
management of ecosystem and fisheries of the sewage
fed floodplain wetland.
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Introduction

Changing climate is one of the major threats to wetlands
across the globe (Ferrati et al. 2005). It is an added threat
to existing vulnerabilities of fishermen (UNPEI, 2003).
Since wetlands are biologically sensitive habitats, they
are predicted to be among the most impacted ecosys-
tems due to climate change (Ramsar Convention Secre-
tariat, 2013; Sarkar and Borah, 2017; Das Sarkar et al.,
2020). According to UNESCO (2007), global climate
change is expected to become an important driver of
loss and changes in wetlands. Some of the projected
impacts on wetlands include a change in base flow, al-
tered hydrology, increased thermal stress, increased
flooding, decrease in water recharge, etc. Climate change
induced rising of temperature and declining rainfall have
already started showing their effects in the lakes in
Gangetic plains (Sinha, 2011). Freshwater fish species
change their distribution in response to climate change
(Mohseni et al., 2003; Chu et al., 2005; Buisson et al.,
2008) and it is a serious threat to the freshwater
biodiversity as well as the biology of fish (Habit et al.,
2006; Karnatak et al., 2018; Sarkar et al., 2018; Sarkar et
al., 2019; Karnatak et al., 2020). The livelihood of the
fishermen dependent on the wetland resources is equally
subjected to vulnerability and distress due to climate
change. The fisher’s take on changing climatic scenarios
and response to the changes are to be recorded at the
micro level.

India is blessed with a wide range of floodplain wetlands
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due to its unique and diverse topography. These are
among the most productive ecosystems available on
earth and play multiple essential roles like sustaining
biodiversity, providing an array of goods and services,
and securing the livelihood of millions of people
(Ramachandra et al., 2011). They are biologically sensi-
tive and support diverse flora and fauna, and plays a
vital role in providing nutritional security to a large sec-
tion of the population (Sarkar and Borah, 2017). Water is
the primary factor for sustaining plant and animal life
and the wider environment in these areas where the wa-
ter table is near to the land surface (Pittock et al., 2015).
Floodplain wetlands are situated along the floodplains
of the major river systems in India. Floodplain wetlands
are defined as low-lying areas bordering large rivers,
which are seasonally inundated by overspill from the
main river channel (Sugunan et al., 2000). The basin of
rivers Ganga and Brahmaputra is endowed with a di-
verse wetland  (Sugunan and Bhattacharjya, 2000; Sarkar
et al., 2020; Sarkar and Mishal, 2017; Borah et al., 2020),
which ranges from high altitude oligotrophic lakes in the
Himalayas, the marshes and swamps of the Terai region,
floodplain and riverine wetlands in the Gangetic and
Brahmaputra alluvial plains to coastal wetlands in the
deltaic tracts. Besides, being key biodiversity habitats,
these wetlands play significant roles in providing water,
food, livelihood, and climate security to 630 million in-
habitants of the basin (Kumar and Ambastha, 2016).

Floodplain wetlands of lower Gangetic plains offer the
spectacular potential for expanding both capture and
culture fisheries (CIFRI, 2000; Ramsar Convention Sec-
retariat, 2013; Sarkar et al., 2016, 2020). If managed scien-
tifically fish productivity from these wetlands can be
increased significantly (Debnath et al., 2015). The
present fish production ranges from 400 to 800 kg/ha/
year for most of the wetlands; however, the potential is
2000kg/ha/year (Sarkar et al., 2020). Scientific manage-
ment along with good governance and technological
interventions can double the production from these wide
arrays of wetland resources of the country (Hassan et
al., 2016).

In India, analysis of 30 years’ time-series data indicated
an increase in annual mean minimum water temperature
in the upper cold-water stretch of the river by 1.5 degree
Celsius (from 13 degree Celsius during 1970–1986 to 14.5
degree Celsius during 1987–2003) and by 0.2–1.6 degree

Celsius in the aquaculture farms in the lower stretches in
the Gangetic plains (Vaas et al., 2009).

The present study attempts to bring out the case of
Chaltia, a floodplain wetland in lower Gangetic Plains, of
West Bengal in the context of climate change and other
anthropogenic issues. The study focuses on the status
of fish production, species diversity, habitat, threats, chal-
lenges, and opportunities for livelihood and employment
security of the fisher community dependent on the wet-
land. It also attempts to capture and analyze the fisher’s
perception of climate change and location-specific man-
agement and adaptation strategies. The findings of the
study would help in the formulation of guidelines for
effective management of sewage-fed floodplain wetland
in the context of climatic variability.

Material and methods

The study presents the case of Chaltia, a floodplain wet-
land in the Gangetic basin, in the context of climatic vari-
ability. The present study uses a case study approach to
assess the status of the wetland fisheries in the chang-
ing climatic scenario. District level climatic data of West
Bengal (mean air temperature and total annual rainfall) of
the studied district (Murshidabad) was collected from
the Indian Metrological Department (IMD), Alipore,
Kolkata for the last three decades.

The primary data on wetland fisheries were collected
from twenty-one active and selected fishermen of the
wetland using a structured interview schedule. The wa-
ter samples from the wetlands were collected from the
three sampling stations: Station 1 (24° 4' 29.5104'’ N; 88°
15' 35.1612'’ E), Station 2 (24° 4' 15.474'’ N; 88° 15' 34.542'’)
and Station 3 (24° 4' 6.834'’ N; 88° 15' 1.8'’ E). Physico-
chemical parameters viz. water temperature, specific con-
ductivity, and pH were determined using multi-param-
eter TestrTM 35 series (EUTECH instruments OAKTON).
Water transparency was measured using Secchi disk.
Total alkalinity, hardness, nutrients, and chlorophyll-a
was measured following standard methods (APHA,
2012). The Trophic State Index (TSI) was calculated
following Carlson (1977).

Since the wetland receives municipal sewage, total
heterotrophic bacterial  load in the water was estimated.
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Fig. 1 GIS map of Chaltia wetland, West Bengal
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About 80 ml of water samples were collected from 1 m
depth in sterile glass bottles keeping some air space free.
Samples were collected from three sampling stations
spread over the whole wetland, brought to the labora-
tory under ice cover, and processed immediately. Water
samples were serially diluted up to 10-3 in sterile PBS
(phosphate buffer saline) and from each dilution 0.1 ml
volume was pour plated into nutrient agar plates in trip-
licate. Plates were incubated at 32oC for 10 days and
colonies were counted. Colony counts obtained in dif-
ferent dilutions for one sample was collated and trans-
formed to obtain aerobic plate count (APC) of bacteria
per ml of water.

Results and discussion

Present landscape

Chaltia wetland is located in the eastern fringe of the
town Berhampore, Murshidabad district (88.262249 E and
24.07205 N). This is a closed perennial wetland that has
lost its connection with the parent river about four
decades back. April to June is lean season and July to
September is peak season in the wetland as far as the
water level is concerned. Chaltia is now threatened with
sewage flushing from domestic dwellings situated along
the adjacent town.  According to land-use statistics, the
loss of water body is 1.39 ha during 1990-2000 and 1.85
ha in 2000-2010 due to outward urban expansion and
encroachment due to agricultural activities (Mondal
and Kaviraj 2009). Table 1 presents the basic
information about the studied wetland.

Brief background of the fisherfolk

The fishery resources of the wetland are harvested and
managed by fisherfolk, who are registered members of
Bhakuria Matsyajibi Samabay Samiti Ltd, the Primary
Fishermen Co-operative Society (PFCS). This PFCS, es-
tablished in 1955, has 69 active members at present. The
fishers collectively manage the wetland fisheries and CBF
is being practiced in this   wetland for higher fish yield.
Chaltia had riverine connectivity with river Bhagirathi

around 40 years back, but presently it a closed system
that makes it more vulnerable to climate change and an-
thropogenic stressors. Rapid urbanization and encroach-
ment are one of the major threats faced by this waterbody
and the discharge of solid wastes has blocked the link
channel. The wetland can be rejuvenated if the link chan-
nel could be restored to maintain the connectivity with
the parent river (Sarkar et al., 2020).

Ecological characteristics

The water quality parameters indicate the productive
nature of the wetland owing to high dissolved nutrient
concentrations in water; however, low DO values during
early morning hours is a concern (Table 2). Biological
Oxygen Demand (BOD) range at the outfall point is not
very high due to the dilution effect. The overall
transparency recorded was in a conducive range indi-
cating good productivity. The silicate content in water
was in congenial range supporting predominantly the
diatoms, Bacillariophyceae, the fish food organisms. The
values of total alkalinity (229-304 mg/l) and total hard-
ness (224-250 mg/l) were in the higher range. The spe-
cific conductivity (680-795 μS/cm) and chlorophyll-a
(35.6-52.4 μg/l) were very high indicating high produc-
tivity. The trophic state index (67.7) indicated that this
wetland is in the eutrophic state. The APC of bacteria
ranged from 4950 to 5800 with an average value of
5350±720 CFU/ml. The APC of water of the sewage fed
water was insignificantly higher as compared to that in
healthy aquaculture ponds, suggesting that bacterial load
was not very high in the wetland. Further study will con-
firm whether bacterial diversity was low/altered, or there
was an excess load of pathogenic bacteria.

Present fish yield

The PFCS is practicing Culture-Based Fisheries (CBF) in
the wetland with emphasis on fingerling stocking. CBF
is a management tool where fishery depends completely
and largely on external fish seed stocking having
moderate to high economic value to utilize the

Table 1. Brief morphological survey of Chaltia floodplain wetland
District Wetland Area (ha) Depth (m) Type Macrophyte Fish yield

 infestation (kg/ha/yr)
Murshidabad Chaltia 33.72 1.25 to 3.66 Closed Moderate 4,744.96
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under-utilized or vacant food niches. The main focus of
this type of management is stocking and recapture. The
fishers procure the spawn from nearby hatcheries. The
peripheral nursery ponds were stocked with 8.25 lakhs
of the spawn of Hypophthalmichthys molitrix, Labeo
rohita, Labeo catla, Cirrhinus mrigala, Labeo bata,
Mylopharyngodon pisceus, Oreochromis nilotions,
Cyprinus carpio and Pangasianodon hypophthalmus
and raised to fingerling stage. When the spawns attain
the fingerling stage their quantity comes up to 300kg
and is stocked in the wetland. The fish yield from this
wetland typically varied from 1212 to 2363 kg/ha/yr.  At
present, staggered stocking (2-3 times in a year) is being
practiced and around 800 kg of fish seed is stocked. The
present fish yield realized from Chaltia is 4,744.9 kg/ha/
yr. The quantum jump in the production is due to bulk
production of pangas and tilapia in pens erected in
sewage affected areas to utilize the nutrients in a more
befitting manner. Production of these fast-growing
tolerant species in enclosures can enhanced the
productivity several times by converting high
organic load to blue carbon as in the case of sewage fed
Chaltia wetland. The fish yield achieved in Chaltia wet-
land is several times higher compared to the average fish
yield (400-800kg/ha/yr) reported in floodplain
wetlands of India (Sarkar et al., 2020). Drag nets, cast
nets, and gill nets are used to harvest the fish.
Plank-built canoes are the crafts operated for fishing in

the wetland (Fig. 2). The gears and crafts used are
traditionally employed in other wetlands in the Gangetic
region (Sandhya et al., 2019).

Fish species diversity

Chaltia wetland has witnessed a reduction in fish
Species Richness (19 nos.) over the last decade.
However, the fisherfolk has an immense urge to restore
the wetland from further degradation. This wetland now
has become a sewage-fed wetland, hence, the fishers
have switched over to CBF which focuses more on fish
production than conservation of biodiversity in the
wetland. Table 3 presents the change in the scenario of
fish diversity in the wetland over a period of 15 years.

Climate change and variability in climatic parameters

Fishers perceived simultaneous increase in temperature
and decrease in total precipitation along with a variation
in rainfall pattern in Murshidabad, West Bengal during
the last two decades. The recent climatic trend recorded
by IMD significantly validates this perception. It is
evident that the climatic variability is becoming an
emerging threat to the existing biodiversity of aquatic
ecosystems (Sarkar et al., 2019). Therefore, the climatic
anomaly of recent times may be one of the reasons for
the fatal mass mortality of fishes in Chaltia Wetland. The
trend of rainfall and temperature in the wetland has been
depicted in Fig. 3 and 4.

Fishers’ perception on climate change

Besides secondary data, it is equally important to study
the fisher’s perception on climate change, its impact, and
adaptive strategies. Since fishing communities living
adjacent to the wetland are directly affected by the
changes in climatic parameters and direct observers of
the changes over the period, capturing their opinion and
perception regarding climate is important. Therefore,
primary data were collected from twenty-one fishermen
of the wetland and it was found that 52.38% perceived a
change in climate over the last decade. The respondents
perceived rise in temperature, the incidence of extreme
events, a higher infestation of disease, reduction in Catch
per Unit Effort (CPUE) of unstocked fishes, reduction in
the depth of water, and reduction in water transparency

Table 2 Water quality parameters of Chaltia wetland,
West Bengal
Parameters Values (Range)
Water Temperature (°C) 17.0-31.4
Depth (cm) 125-366
Transparency (cm) 28-58
DO (mg/l) 2.34-10.2
BOD (mg/l) 6.8-12.10
pH 7.8-8.3
Specific Conductivity (μS/cm) 680-795
Total Alkalinity (mg/l) 229-304
Total Hardness (mg/l) 224-250
Calcium++  (mg/l) 48.60-58.80
Mg++  (mg/l) 23.98-24.12
Chloride (mg/l) 48.65-142.40
Nitrate-N (mg/l) 0.150-0.387
Phosphate-P (mg/l) 0.180-0.545
Silicate-Si (mg/l) 4.30-7.80
Chlorophyll a (μg/l) 35.6-52.4
Trophic state Eutrophic
APC (CFU/ml) 4950-5800
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Fig. 2. Fish harvesting from Chaltia wetland, West Bengal

over the last decade. The average reduction in CPUE of
unstocked fishes and water depth was found to be
81.19% and 147.81%, respectively. The summary of the
perception is presented in Tables 4 and 5. Around 90.48%
of the respondents perceived a change in fish
reproductive behavior and as per their views, the most
influencing climatic parameters were temperature
(95.24%), rainfall (80.95%), and siltation (57.14%). It is
evident from the literature that temperature is an
important factor which strongly influences the
reproductive cycle (Planque and Fredou, 1999; Svedang
et al., 1996), and growth rate of fishes (Brander, 1995).
Similar findings were reported by Naskar et al. (2017).
Analysis of the meteorological data on mean air
temperature revealed a warming trend and decreasing
rainfall in North 24 Parganas, Nadia, and Kolkata dis-
tricts of West Bengal (Sarkar et al., 2020) which matched

with the perception of the wetland stakeholders who
opined increasing frequency in occurrence of floods
during monsoon, shrinking of  wetlands and increasing
water stress during pre-monsoon. Fishes could be
stressed in water bodies with high water temperatures.
The rise of temperatures would cause a decrease in
oxygen supply and may cause fish kills. In general,
dissolved oxygen concentrations of 5 mg/L or more are
suitable for most aquatic organisms and a concentration
below 2 mg/l is hypoxic. In addition, the rise of water
temperature may enhance the proliferation of harmful
algae causing water quality problems, including fish kills.
Toxicity of contaminants like persistent organic
pollutants such as pesticides (atrazine, endosulfan), trace
metals (copper, mercury) will be enhanced with
increasing temperatures affecting fish and other aquatic
organisms (Akhtar et al., 2013).
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Fig. 3. Trend of temperature in Murshidabad district Fig. 4. Trend of rainfall in Murshidabad district

Adaptation and mitigation strategies adopted by the
fishers

Since the wetland is affected by untreated sewage
incursion, fishers have adopted strategies to directly
avoid contamination. Fish fries are reared to fingerlings
in culture ponds, then released in a pen where they are
reared up to advanced fingerling stage, after which they
are released into the wetland where it grows to the table
size. To maintain the dissolved oxygen (DO) level,
aerators of 2.5 to 3.0 HP are being operated especially
during night hours. In Chaltia wetland, the availability of
Clarias magur is declining gradually, and to increase
their production the cooperative members are now
switching to pond culture of this species for its
restoration and production. Around 42.86% of
respondents stated that they had adopted pen culture
to increase their adaptive capacity to climatic variability
and other stressors. No responses were received regard-
ing other adaptive strategies like agro-forestry, selec-
tion of hardy fish species for culture, and shifting of
closed season based on change in the breeding season
of fishes. This indicates that there is a lack of awareness
among the fishermen regarding adaptation and
mitigation strategies against adverse impacts of climate
change. However, 47.62% of the fishers opined that there
is no need for awareness and sensitization programmes
on climate change and 28.57% of respondents opined
that they are not sure. Only 19.05% of respondents stated
that there is a need for awareness programmes.
Mass awareness and sensitization programmes are re-
quired to sensitize and strengthen the knowledge of

fishers about the impact of climate variability and the
available adaptation and mitigation strategy to cope up
with climatic variability. The fishers should be motivated
to take part in training, skill development, and capacity
building programmes on adaptation strategies. In a study
by Kabeer et al. (2016), 94.5 % of marine fishermen
perceived a change in climate and extreme weather
events and 91.9 % observed a change in rainfall
patterns in the last 10 years. In another study in coastal
India, all fishermen perceived that climate had changed
in the last two decades (Menon et al., 2016). A field
survey of 182 households from five fishing villages in
Mumbai, India conducted during the year 2011-12
revealed a continuous rise in temperature and a change
in rainfall pattern as perceived by the respondents
(Senapati and Gupta, 2015).

Other threats and challenges

SWOT analysis was carried out to determine the strength
and opportunities of this wetland (Table 6). At present,
due to a number of environmental, climatic, and anthro-
pogenic factors, the wetland ecosystem is facing mul-
tiple challenges across the globe (Verma et al., 2001;
Karnatak et al., 2018, Sarkar et al., 2020). These threats
include macrophyte infestation, encroachment for agri-
cultural purpose and human inhabitation, loss of river
connectivity, water abstraction, invasion of exotic spe-
cies, shrinkage in wetland area due to siltation, eutrophi-
cation by waste disposal and agricultural runoff, loss of
spawning and breeding grounds, growing water pollu-
tion, heavy metal contamination and population pres-
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sure (Hassan et al., 2016). Chaltia wetland is also facing
most of these threats. One of the major threats for the
wetland is the contamination of domestic, industrial, and
agricultural waste into the water body. The severe im-
pacts of industrial effluents disposed into water bodies
have resulted in fish kills in many rivers and wetlands
reported from time to time (Sunderesan et al., 1983; Das
et al., 2007). Although successful utilization of sewage
has been well adopted in urban wetlands (Furedy and
Ghosh, 1984; Mukhopadhyay, 2020), no such model has
been reported from peri-urban sewage fed floodplain
wetlands.

The wetland has witnessed instances of mass mortali-
ties. There was sudden mortality of the stocked fishes

resulting in crop loss of 4 tons about four years back
which might be due to hypoxia owing to eutrophication.
In September and October 2019 a considerable mortality
of fries of Hypophthalmichthys molitrix occurred early
morning time due to low dissolved oxygen (DO) level
(2.73 ppm) due to the abundant incursion of sewage
being loaded into the system through flood water. Fish
kills or mass mortalities of fish can be defined as sud-
den and significant death of fishes in a water body. Glo-
bally, fish kills are most frequently linked to natural causes
such as environmental hypoxia (low dissolved oxygen)
or anoxia (no or zero dissolved oxygen) and free ammo-
nia toxicity (Ciji et al., 2014; Varghese et al., 2018). An-
thropogenic interventions, on most occasions, are also
responsible for a number of fish kills, for examples, acci-
dental spills, runoff, and drainage discharge of
pesticides and herbicides from agricultural lands into
water bodies, etc. (Kibria, 2014).

Global reviews revealed that most fish kills are related to
oxygen depletion or low level of oxygen in water
(Varghese et al., 2018, 2019) which is a case for Chaltia
wetland as well. Oxygen depletion in water bodies can
occur due to algae die-offs, weather-related ‘turnovers’
of lakes water, surface run-off of organic materials into
water bodies, disturbance of sediments containing large
quantities of aquatic vegetation or with excess nutrient
loading through sewage, low water levels coupled with
high temperatures (Varghese et al., 2018). In Chaltia
wetland, H. molitrix, L. rohita, L. catla, C. mrigala, and
C. carpio are now heavily threatened due to disease
outbreak leading to mortality, although the total bacteria
load in water was not very high. The symptoms described
by the fishermen community involve signs such as
reddening and/or roughening of the skin. In some cases,
focal or total loss of epidermis over or under-production
of mucus on skin and gills are also noticed. 

Assessing the impacts and threats directly aid to
formulate conservation strategies, management options,
and priorities for actions (Linke et al., 2007). According
to Karr and Chu (1995) freshwater ecosystem
conservation plans rely mainly on assessing the
ecological integrity of ecosystems based on the notion
that ecosystems of high ecological integrity support and
maintain the full natural range of biological features and
ecological processes. Limited case studies have been
conducted using multiple approaches on
understanding wetland fisheries management and

Table 3. Comparative list of fish species recorded from Chaltia
wetland, West Bengal
Scientific Name Local Before Present

Name 15 Years status
Systomus sarana Sar puti
Amblypharyngodon mola Mourala
Pethia conchonius Punti
Pethia ticto Tetputi, Tituputi
Puntius sophore Punti
Gudusia chapra Chapila khoira,

Korti
Labeo rohita Rui
Labeo catla Catla
Cirrhinus mrigala Mrigal
Sperata aor Aor
Mystus cavasius Golsa tengara
Mystus vittatus Tengara
Mystus tengara Tengara
Wallago attu Boyal
Ompok bimaculatus Pabda
Nematolosa nasus Khoira
Channa striata Shoal
Channa punctata Lata
Channa marulius Shal, Gojal
Trichogaster lalius Lal colisha
Trichogaster fasciata Kholse
Anabas testudineus Koi
Nandus nandus Nados, Vada
Glossogobius giuris Bele, Bali
Chitala chitala Chitol
Notopterus notopterus Folui
Macrognathus pancalus Pancal
Mastacembelus armatus Ban, Bam
Macrognathus aral Gunche
Monopterus cuchia Cuche
Heteropneustes fossilis Singhi
Clarias magur Magur
Chanda nama Chanda
Parambassis ranga Chanda
Macrobrachium sp. Kucho chingri
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adaptation strategies in the context of climatic
variability and anthropogenic issues (Sarkar and Borah,
2017) except a few studies on ecology, biodiversity, and
reproductive phenology (Sarkar et al., 2012, 2016, 2018;
Karnatak et al., 2018, 2020). Anthropogenic influences
not only cause nutrient enhancement leading to exces-
sive growth of harmful  algae and aquatic weeds but also
damage the fisheries, recreation, and drinking water qual-
ity (Sarkar et al., 2020). The wetlands of West Bengal,
especially those in lower Gangetic plains, have witnessed

extreme climatic events and tremendous anthropogenic
pressure (Das Sarkar et al., 2020). Sarkar et al. (2020)
reported that in some floodplain wetlands of Ganga ba-
sin of India, climate change-driven threats were respon-
sible for 22.85-54% reduction in freshwater fish diversity
due to anthropogenic and enviro-climatological
influences. Loss of river connectivity with wetlands, a
ramification of aquatic weed,  excess deposition of silt,
shrinkage of water area, discharge of municipal and
domestic wastes (Mukherjee et al., 2015), and
anthropogenic stress (Ghosh et al., 2018) are the other

Fig. 5. Mechanism of water flow and fish rearing in Chaltia wetland, West Bengal

1. The influx effluent is settled is low land
basin of the watershed from where the
clear surface water passes

2. Adjacent town and the sewage influex in
chaltia wetland

4. Nursery pond- spawns and fries are reared
and then released in the wetland

3. Clean water inlet area where Pangasius
culture is done within a pen
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probable reasons behind the gradual decline in fish di-
versity of floodplain wetlands.

The floodplain wetlands in the lower Ganga basin are
moving to an eutrophic state and showing the signs of
ecological degradation (Das Sarkar et al., 2020). Climate
change and associated stressors are worsening the
situation and this makes the fisher’s livelihood
vulnerable (Naskar et al., 2017). Most of the urban and
peri-urban wetlands receive sewage adding to
biological productivity and at the same time causing
ecological degradation. In this context, the selection of
suitable fish species and the adoption of specific
management measures are very important for
sustainable management of these ecosystems. The
present case study shows an effective way of utilizing
natural productivity owing to sewage input and
achieving high fish yield. This management strategy can
be adopted in other sewage-fed wetlands in Ganga
basin with a focus on indigenous fish species, pen
culture, and effective sewage treatment. Responsible use
of artificial feed in pens must be prioritized to control the
nutrient loading in eutrophic wetland systems, coupled
with ecosystem health monitoring and fish health

management. The stocking of highly prolific exotic
species like Oreochromis mossambicus may hamper the
indigenous fish diversity of wetland in long term, and
thus should be discouraged. Proper biosecurity
measures must be adopted to avoid the escape of
Pangasianodon hypophthalmus and Oreochromis
niloticus from Pens to the wetland proper. Desiltation
and opening of link channels are also recommended to
improve the ecosystem health. Optimization of
bioremediation protocol will reduce the loading of
excess nutrients into the wetland. Most importantly, skill
development and sensitization of fishers on climate-smart
wetland fisheries will pave a way for sustainable
management of sewage-fed wetlands in Ganga basin by
converting waste into wealth. Based on the study, the
following recommendations have been made for
sustainable management of wetland fisheries:

The stocking of fish seed and other strategies
must be implemented based on the carrying
capacity of the wetland using an ecosystem
approach considering the water quality param-
eters including free ammonia content in sum-
mer, chloride content, and BOD load owing to
sewage loading for avoiding mass mortality of
fishes
Optimization of stocking rate and ratio based
on natural food and niche availability in the
wetland
Responsible use of artificial feed in pens to
control excess nutrient loading in the already
stressed/ eutrophic system

Table 4. Perception of fishers on change in climatic and other parameters
Parameters               Responses

Yes No
Climate change 52.38% 47.62%
Temperature change 100% 0%
Rain fall pattern change 100% 0%
Change in monsoon period 100% 0%
Extreme events 100% 0%
Reduction in transparency 100% 0%
Increase in fish disease outbreak 100% 0%
Change in reproductive behavior of fish 90.48 % 9.52%
Shifting of spawning season encountered in any fish species 28.57% 71.43%
If there is shift in spawning season, which species are most vulnerable Amblypharyngodon mola, Systomus

sarana, Mystus vittatus, Clarias magur
If there is a shift in spawning season, which species are most resilient Labeo bata, Channa punctata, Oreochromis

mossambicus
Change in CPUE 100% 0%
Reduction in depth 100% 0%
Average reduction in CPUE of unstocked fishes 81.19%
Average reduction in depth 147.81%

Table 5. Major climatic parameter influencing reproductive
behavior of fish
Parameter % Responses
Temperature 95.24
Rainfall 80.95
Siltation 57.14
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Strength Weakness Internal 

factors High fish yield 

Availability of nursery and rearing ponds 

Adoption of Pen culture 

Perennial wetland 

Active and sound co-operative 

High adaptive capacity 

Generation of blue carbon 

Pangasius culture 

 

Loss of water depth and area 

Loss of river connectivity 

Decline in fish diversity 

Disease outbreak 

Fish mortality 

Low DO 

High BOD 

Opportunities Threats External 

factors Availability of new species in the wetland 

Adoption of CRPS 

Ecosystem conservation plans 

Ecosystem-based integrated wetland 

management 

Conservation and sustainable development 

of wetland fisheries 

Skill development and capacity building on 

climate change adaptation and mitigation 

Linkage with ICAR-Central Inland 

Fisheries Research Institute 

Outward urban expansion and 

encroachment  

Solid waste discharge in the water 

body 

Climatic changes- Rise in temperature, 

rain deficit 

Change in Reproductive behavior of 

fish due to climate change 

Reduction in CPUE  

Dominance of exotic species 

Eutrophication  

Population pressure 

 

Table 6. SWOT analysis of Chaltia wetland, West Bengal
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Integration of fisheries with agriculture, horti-
culture, and animal husbandry in IFS mode for
optimum use of resources and profit maximiza-
tion
Ecosystem health monitoring and fish health
management: regular monitoring of water qual-
ity, fish health, and regulated use of drugs/
chemicals
Use of resistant crops requiring less water in
the catchment to conserve water level in the
wetland
Check on stocking of highly prolific exotic and
banned species like Oreochromis mossambicus
which might hamper fish diversity of wetland in
the long term
Biosecurity systems to avoid the escape of
Pangasianodon hypophthalmus and
Oreochromis niloticus to wetland proper
Promotion of tolerant indigenous species for
replacement of pangas and tilapia
Conservation of self-recruiting SIFs through
propagation in pens to be installed in the dis-
tant part of the point source of sewage diver-
sion channel into the wetland
Partial opening of link channel utilizing various
government schemes which may extend the life
span of this wetland further
Phase-wise partial excavation work in the lit-
toral zone of this wetland may be opted every
year to expand the life span of this wetland by
saving it from getting silted with time.
Regular monitoring of sewage loading canal and
nutrient removal usingwater hyacinth besides
use of activated charcoal (in protected fence
enclosure) to absorb/ adsorb untoward
polutants.
Application of domestic @400kg/ha/year is a
must for maintaining water quality as well as
acceleration decomposition rate of organic
matter being deposited  at the bottom.
Application of aerator especially at night  hours
(for 3 hrs) in the pen area may be opted for  eco-
health as well as the stocked fish.
Optimization of bioremediation protocol replen-
ishing young Eichhornia crassipestime to time
in sewage loading channel for absorbing unto-
ward loading of nutrients in the lake proper.
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