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Introduction
India has large areas of inland open waters, viz. 

rivers (29 000 km), estuaries (0.3 mha), backwaters 
and lagoons (0.19 mha), reservoirs (3.5 mha), 
floodplain wetlands (0.51 mha) and upland lakes 
(0.72 mha). The present contribution from inland 
open waters is about 1.3 MMT, accounting around 
21% to the total inland fish basket. Aquaculture 
occupies the major share (79%) in total inland fish 
production. Climatic change and associated factors 

have threatened inland fisheries and dependent 
fishers in India in the recent years and considerable 
information has been generated (Sarkar et al., 
2018a,b,c; Sarkar and Borah, 2017; Naskar et al., 
2018; Nag, 2017; Das et al., 2016, 2019; Sarkar et 
al., 2019a,b, 2020a,b,c). Therefore, assessing the 
ecological status and vulnerability of communities 
on a priority basis will help to devise adaptation 
strategies and in turn build resilience.

Climate variability includes all the changes in 
the climate that last longer than individual weather 
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events, whereas the term climate change only refers 
to global shifts in weather patterns that persist for 
a longer period, typically decades or more. Climate 
variability, manifested in elevated temperature, 
erratic rainfall, occurrence of droughts and severe 
storms, has adversely affected the fisheries, aquatic 
biodiversity and livelihood. India’s rivers are 
lifelines to the millions of rural inhabitants with 
80–90% of runoff generated during the monsoon 
(Gupta et al., 2011). But climate induced floods 
(Dhar and Nandargi, 2003; Singh and Kumar, 
2017) inflicted financial losses every year 
(Tripathi, 2015; Parida and Dash, 2019). Climate 
change is predicted to be a major threat to inland 
water resources with deleterious effects on aquatic 
ecology, fish diversity and fisheries (Carlson and 
Lederman, 2016). The frequency of occurrence 
of extreme weather events, viz. droughts, heavy 
precipitation, and heat waves, are predicted to 
lead to increased climatic variability (Saha et al., 
2006). Our present study primarily deals with the 
research advances on climate change vulnerability 
of species, ecosystems, and its impact on inland 
fisheries, as well as the importance of climate 
resilient adaptation strategies for conservation 
and sustainable fisheries management. This 
communication will serve as a baseline on climate 
change impacts on inland open water fisheries of 
India, present research focus and help to prioritise 
future research areas for sustainable management 
of resources.

Climate change trends and 
impacts

The study of climate trends has shown varying 
scenarios in the major river basins of India. In the 
Ganges River basin, temperatures have increased 
by 0.20 to 0.47 °C while rainfall decreased by 
257–580 mm over the last few decades (Das et al., 
2016). The observations on climate anomalies are 
in line with several other studies in Ganga basin 
(Vass et al., 2009; Das et al., 2013, Das et al., 
2016, Karnatak et al., 2018; Sarkar et al., 2019a). 
However, an extension of the monsoon (+14 days) 
and increasing trend of annual rainfall (+80 mm) 
have occurred along the Cauvery River. This high 
variability of the regional weather pattern and its 
anticipated impacts on inland fisheries have been 

investigated (Sarkar et al., 2018b,c; Das et al., 
2019).

Recent studies show that climate change will 
alter the the physico-chemical parameters, biota 
(Hartmann et al., 2013) and overall fisheries. In 
India, the Indian Council of Agricultural Research 
(ICAR) - Central Inland Fisheries Research Institute 
(CIFRI) initiated and expanded research on climate 
change since 2004 under the ICAR network project 
“Impact, Adaptation and Vulnerability of Indian 
Agriculture to Climate Change in India” and 
later continued the climate change research under 
ICAR network project “National Innovations on 
Climate Resilient Agriculture (NICRA)”. The aim 
of the project is to conduct studies on the impact of 
changing climate on ecology and fisheries of inland 
open water resources, on breeding phenology 
and tolerance level of fish species. The study 
also focusses on estimating carbon sequestration 
potentials, greenhouse gas emissions from 
wetlands, development of vulnerability assessment 
framework, development of eAtlas and climate 
resilient adaptation strategies (Sarkar et al., 2018c; 
Sarkar et al., 2017a; Naskar et al., 2018; Nag, 
2017; Das et al., 2016, 2019; Sarkar et al., 2020c; 
Karnatak et al., 2020) (Figure 1).

Climate and environmental change 
impacts

Prediction of the impacts of climate change 
on land use patterns is essential for developing 
conservation of biodiversity plans in inland aquatic 
ecosystem. The wetlands are important habitats 
supporting diverse flora and fauna and thus hold 
both national and international interests. These are 
vulnerable to climate change through alterations in 
their hydrological regimes (Erwin, 2008; Sarkar et 
al., 2020a). They are important in a climate change 
point of view because of their huge potential to 
act as carbon sinks (Mitsch et al., 2013). They 
convert this inorganic carbon to organic carbon 
in the form of fish, supporting the livelihood of 
millions of fishers (Sarkar et al., 2020b). In India, 
wetlands provide multiple ecosystem services, 
including irrigation, water supply, groundwater 
recharge, flood control, carbon sequestration and 
freshwater fisheries (Bassi et al., 2014; Sahu et 
al., 2016; Ramachandra et al., 2011). Sarkar and 
Borah (2017) stated that floodplain wetlands are 

D
ow

nloaded from
 http://scholarlypublishingcollective.org/m

sup/aehm
/article-pdf/24/3/7/1472952/7sarkar.pdf by guest on 28 January 2022



Sarkar et al. / Aquatic Ecosystem Health and Management 24 (2021) 7–17 9

the major sources of fish production in the country 
which are impacted by climatic threats such as 
siltation, eutrophication, weed proliferation and 
loss of river connectivity (Naskar et al., 2018). 
Studies done by Romshoo and Rashid (2014) stated 
that depletion of Himalayan wetland was due to 
urbanization, deforestation, changes in climatic 
conditions (Middleton and Kleinebecker, 2012) 
and hydrologic conditions. Sarkar et al. (2021a) 
also reported shrinkage of Gangetic wetlands to 
the tune of 37.20–57.68%. However, fishermen 
make use of the indigenous fishing strategies, like 
pre-summer enclosure, submerged branch refuge, 
autumn refuge, and floating aquatic macrophytes 
refuge, for tiding over the effect of climate change 
(Sarkar et al., 2018c). The region specific trophic 
state index (TSI) of the floodplain wetlands of 
India in relation to climate variability have been 

conducted (Sarkar, S.D., et al.,2020). The study 
found that agro-climatic divisions of the wetlands 
did not show any significant impact on trophic 
state.

Heat waves (HWs) have been observed globally 
and are expected to amplify in magnitude and 
frequency under anthropogenic climate variation 
(IPCC, 2012). Metabolism and consumption 
are mismatched at high temperatures leading 
to reduction in ingestion efficiency across taxa, 
reducing consumer fitness. Metabolic theory of 
ecology does not hold at upper range of species’ 
thermal tolerances (Lemoine and Burkepile, 2012). 
An increase in temperature also causes a decrease 
in water oxygen solubility, while also increasing the 
metabolism and decreasing the hypoxia tolerance 
of fishes (Remen et al., 2016). Heat waves are also 
known to affect growth performance, flesh color 

Figure 1. A flow chart showing the diagrammatic framework of the impact of climatic variability in inland fisheries and climate 
resilient fisheries.
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and plasma biochemistry in cultured fishes (Wade 
et al., 2019). A review of literature shows that in 
India no systematic studies have been attempted 
on heat waves and their impact on inland fisheries, 
though the criteria set by World Meteorological 
Organisation for heat waves apparently indicated 
the existence of Inland Heat Waves (IHW) in 
inland ecosystems such as wetlands and rivers. 
Studies on diet composition and feeding intensity 
of Glossogobius giuris, Apocryptes bato, 
Trichogaster fasciata and Gudusia chapra from 
the Ganges River basin was conducted to monitor 
the variation in feeding behavior along with dietary 
intake during extreme temperature of summer 
months (May–June). Low Gastro-Somatic Index 
(GaSI) values of selected fish species indicated 
that heat-wave phenomena may negatively alter 
the feeding intensity and food composition of 
commercially valuable fish species (Sarkar et al., 
2021d).

Impact on fish biodiversity and fisheries

Loss of biodiversity is a major vulnerability 
affecting inland fisheries in India due to 
anthropogenic activities and climatic changes. 
Globally inland fisheries have suffered due to 
dam construction (Dudgeon et al., 2006; Pattnaik 
and Reddy, 2007; Sarkar et al., 2020a). Rapid 
proliferation of dams, habitat alteration through 
dams and canals, water abstraction, navigation, 
and diversion have caused widespread loss of 
freshwater habitats (McAllister et al., 1997; 
Harrison and Stiassny, 1999; Rosen, 2000). The 
studies in India (Sarkar et al., 2020a,b,c) reported 
changes to fisheries and livelihood related to climate 
change in floodplain wetlands of Ganges River 
basin including the climate resilient and sensitive 
fish species (Table 1). Recent studies on ecological 
vulnerability of the wetlands revealed that the 
impacts of water temperature had more profound 
impact on ecological parameters as compared to 
rainfall (Sarkar et al., 2020a). Reports revealed 
that climate change has affected wetland fish 
production via modifying individual-, population-, 
community-, and ecosystem-level processes 
(Ficke et al., 2007; Heino et al., 2009; Sarkar et 
al., 2020b). Innovative tools and methodologies 
using multiple approaches are to be developed to 
differentiate climate induced and anthropogenic or 

other stressors induced changes in inland waters. 
As climatic stresses increase day by day, the need 
of climate resilient fish species is also expected. In 
inland waters of India, some of the indigenous fish 
species like Clarias magur, Heteropneustes fossilis, 
Anabas testudineus, Channa spp., Punius spp., and 
Notopterus notopterus showed better resilience to 
climate change (Sarkar et al., 2020a,b,c).

Impact on biotic community

The combination of climate change and 
anthropogenic degradation affects abiotic 
components as well as biotic communities in 
aquatic ecosystems. Plankton are good indicators 
of climate change (Hays et al., 2005). Dynamics 
of primary producers directly affects ecosystem 
productivity. Change in plankton assemblages, 
composition, diversity and structure toward 
dominance of fewer species have been reported in 
response to warmer and fluctuating temperature 
conditions (Rasconi et al., 2017; Thomas et 
al., 2012; Eggers et al., 2012). The enhanced 
temperature regime would cause a shift toward 
smaller-sized species of plankton (Rasconi et al., 
2015) and dominance of monospecific blooms 
leading to altered trophic interactions in food 
webs (Vadadi-Fulop et al., 2012). (Brett et al., 
2006; Muller-Navarra et al., 2004; Taipale et al., 
2013). Many species of plankton have changed 
their phenology either directly in response to the 
climate signal or indirectly. The impact of climate 
and environmental anomalies on tiny planktons in 
the Gangetic floodplain wetlands of West Bengal 
showed seasonal differences (CIFRI 2019-20). 
In absence of historical data on chlorophyll a 
concentration, an alternative methodology has been 
explored to identify trends and gross quantification 
of changes in aquatic chlorophyll a concentration 
under changing climatic scenario (Sarkar, S.D., et 
al., 2019).

Macrophytes play an important role in the 
ecological function of shallow lakes, reservoirs, 
wetlands and aquatic systems (Jeppesen et al., 
1998). Climate change is a more recent threat to 
submerged macrophytes and often acts in synergy 
with shifts in temperature, dynamic water level 
and eutrophication (Moss et al., 2011). A high 
temperature regime and enhanced nutrient status 
favours proliferation of macrophytes in aquatic 
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systems, which in turn hamper the 
ecological balance and fisheries. 
Water level fluctuation modify 
light availability in the water 
column and oxygen availability 
in the sediment (Raulings et al., 
2010). Water depth significantly 
affects growth, reproduction and 
distribution of aquatic vegetation and 
depth fluctuation and frequency of 
fluctuations may potentially increase 
the vegetative spread of macrophyte 
communities in wetlands (Wang et 
al., 2016).

Macrobenthos play an important 
role in the ecosystem as they are 
marked as an indicator species, 
besides playing major role in 
mineralization, mixing the oxygen 
flux into the sediment and recycling 
organic matter (Asadujjaman et al., 
2012). Climatic events like rising 
temperature, irregular rainfall or 
anthropogenic activities like pollution 
affect the benthic community. As a 
result, diversity and occurrence of 
benthic population will be reduced, 
hampering their reproductive cycle. 
In a recent initiative, high-throughput 
paired-end sequencing of bacterial 
16S rRNA genes was performed 
on the Illumina MiSeq platform, 
which identified soil prokaryotes 
and methanogens and methanotroph 
diversity in East Kolkata wetland 
(sewage fed), Bhomra wetland 
(floodplain) and Malencho wetland 
(coastal). This method can be used as 
potential bioindicator (Kumari et al., 
2021) for climate change mitigation.

Impact on breeding phenology 
of fishes

The spawning season of Indian 
major carps (Labeo catla, Labeo 
rohita and Cirrhinus mrigala) 
in hatcheries has been extended, 
beginning as early as March because 
of an increase in temperature and Ta
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pre-Monsoon rainfall (Sharma et al., 2015). 
Studies on Snow Trout (Schizothorax richardsonii) 
revealed stabilization of breeding phenology and 
predicted that the species is continuously adapting 
to changing climate in the lesser Himalayas (Joshi 
et al., 2018). The gonadal maturation and spawning 
of Hilsa (Tenualosa ilisha) in Ganges River are 
influenced by water temperature, warranting 
more research focus on this migratory, regionally-
important fish species (Das et al., 2016; CIFRI-
NICRA, 2016).

Assessing reproductive vulnerability of inland 
fish is a prerequisite for undertaking conservation 
management and developing adaption strategies. 
Modeling pre-spawning fitness and climate 
preferendum of fishes is essential to understand 
the impact of climate change on a species level, 
including prediction in future scenarios and 
also to identify climate resilient and sensitive 
species. Pre-spawning fitness (Kspawn50) is is 
defined as the threshold condition factor (fitness) 
beyond which more than 50% of the population 
may attain readiness for spawning. Threshold 
gonadosomatic index (GSI) is the GSI at which 
50% of the fish population attains readiness for 
spawning. A innovative model has been developed 
to predict the spawning fitness (threshold GSI 
and Kspawn50) of eight selected indigenous fish 
species (Eutropiichthys vacha, Mystus cavasius, M. 
tengara, Johnius coitor, Channa punctata, Puntius 
sophore, Amblypharyngodon mola and Gudusia 
chapra) in the context of changing climate scenarios 
and absence of long-term biological data (Sarkar et 
al., 2018b; 2019a,b; Das et al., 2019; Karnatak et 
al., 2020). The studies could shortlist some of the 
climate resilient species like M. cavasius, E. vacha, 
C. punctata, P. sophore, A. mola and sensitive 
species, G. chapra, from riverine ecosystems and 
floodplain wetlands (Sarkar et al., 2017a, 2018b, 
2019a,b, 2021c). More studies need to be carried 
out in different agro climatic zones / eco-regions 
to identify tolerant species and their propagation in 
inland waters in a systematic way.

Adaptation and mitigation
It is assumed that climate change is likely 

to cause alterations in fish stocks which in turn 
impact fisher communities and economies that 

depend on the inland fisheries sector and allied 
sectors (Brander, 2010). Progress towards climate 
change adaptation in developing countries is 
becoming crucial in recent days. However, local 
knowledge regarding climate change adaptation is 
not well implemented. Common climate adaptation 
and mitigation strategies in wetlands are ranching 
for replenishment and conservation (Sarkar et 
al., 2020a), enclosure culture (Paul et al., 2019), 
pre-summer enclosures, deep pool refuge and 
periphyton-based fish production (Sarkar et al., 
2018), sensitization of the stakeholders (Naskar et 
al., 2021), and use of climate resilient species for 
culture-based fisheries (Sarkar et al., 2021b). These 
strategies are targeted either to increase resilience 
of aquatic ecosystems or to increase adaptive 
capacity of fishers. In recent years, wetland fishers 
have adopted the Climate Resilient Pen System 
(CRPS) using commercially important fish species, 
as well as fishes of conservation importance (Paul 
et al., 2020; Sarkar et al., 2018c; Das et al., 2019). 
The CRPS was effective in conservation of small 
indigenous fishes (SIFs) such as A. mola, G. 
chapra, and P. sophore, through auto recruitment 
of the species (Sarkar et al., 2020b). Additionally, 
Black Clams (Villorita cyprinoides) were found to 
be a climate resilient species cultured in pens at 
Vembanad Lake in Kerala, owing to its capacity to 
withstand the devastating flood which occurred in 
August, 2018 (Paul et al., 2020).

Policy measures taken/proposed by the 
Government of India

The Government of India has initiated several 
policy measures for the protection of aquatic 
resources viz.: the National Water Policy, 2002 
(Kathpalia and Kapoor, 2002); Guidelines for 
the National Lake Conservation Plan, 2008); 
Guidelines for repair, renovation and restoration 
of water bodies with external assistance and 
domestic support, 2009 (Government of India, 
2009); National Water Mission, National Action 
Plan on Climate Change (Pandve, 2009); Wetlands 
Conservation and Management Rules, 2010 
(Ministry of Environment and Forests, 2011); 
National Mission on Clean Ganga; and National 
Plan for Conservation of Aquatic Ecosystems 
(Ministry of Environment, Forest and Climate 
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Change, 2019). There are eight government 
missions under the National Action Plan on Climate 
Change (NAPCC) designed to create awareness 
among the representatives of the public, different 
agencies of the government, scientists, industry 
and the community as a whole. The missions 
under NAPCC are the National Solar Mission, the 
National Mission for Enhanced Energy Efficiency, 
the National Mission on Sustainable Habitat, the 
National Water Mission, the National Mission for 
Sustaining the Himalayan Ecosystem, the National 
Mission for a Green India, the National Mission for 
Sustainable Agriculture and the National Mission 
on Strategic Knowledge for Climate Change. The 
Ministry of Environment, Forest and Climate 
Change, decided to launch the Indian Long-Term 
Ecological Observatories (ILTEO) to understand 
the ecology of major biomes / social-ecosystems at 
multiple spatial and temporal scales, through long-
term and interdisciplinary research and to inform 
scientific communities, policy makers and the 
public regarding drivers of climate related changes, 
and their implications for social-ecological systems. 
Eight sites in India, namely Western Himalaya, 
Eastern Himalaya, North-Western Arid Zone, 
Central Indian forests, Western Ghats, Andaman 
and Nicobar Islands, Jammu and Kashmir and 
Sundarbans, have come into this programme.

Conclusion
Climate change is posing significant threat 

to inland aquatic ecosystems worldwide. The 
research advancement and current knowledge of 
climate change impacts on aquatic ecosystem is 
fragmented. The climate variability affects aquatic 
habitat, biodiversity, productivity and ultimately 
fish yield, thereby affecting fishers’ livelihood in 
developing countries. The assessment of ecological 
conditions and fisheries with reference to climate 
change needs to be done in order to formulate 
effective mitigation and adaptation strategies to 
combat losses due to climate change. There is need 
to benchmark optimum ecological and biological 
requirements of aquatic species for sustainable 
fish production. It is also essential to identify 
the optimal climate for successful recruitment 
of natural fish stocks. The identification of 
climate sensitive/resilient species will also help 

in prioritization of conservation needs of species. 
Identification, development and demonstration 
of climate resilient adaptation strategies will help 
in building ecosystem resilience and adaptive 
capacity of fishers.
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