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Executive Summary 

Freshwater ecosystems such as rivers, streams, inland wetlands, lakes, ponds, marshes, and 

swamps, are the most bio-diverse, as well as the most imperiled worldwide. Globally, 67% of 

rivers are under moderate to high threat and 80% of the global human population lives in 

areas with high water stress or biodiversity threats. 60,000 large dams and more than 3,7000 

hydropower dams are planned or under construction worldwide, leading to 48% of rivers 

moderately to severely impacted by flow alteration, morphological modification, habitat 

fragmentation and degradation, and pollutant flux. This has given rise to a global decline of 

88% of freshwater megafauna populations. Most of this is attributed to rise in human 

population and the increasing demand for energy, and food, which are manifested in form of 

dam construction, water withdrawals, pollution, invasive species, and overharvesting. 

However, considering the escalating trends in species extinction, climate change, water use 

and development pressures, freshwater systems, especially rivers, will remain under threat 

well into the future. This is because human impacts on rivers extend  to  all  other  

anthropogenic  activities  in their  drainage  basins  with  which  they  regularly  interact 

through run-offs and floods. Climate change could aggravate other anthropogenic issues in 

river ecosystems and will have direct consequences for water security and conflict, 

particularly in arid and semi-arid areas of the world. Water crisis has been identified as top 

global risk as water is connected to every global risk that humanity faces. 

Additionally, the array of ecosystem services provided by rivers span across broad categories 

of human societal needs. However, increasing degradation of rivers and decline of associated 

species is resulting in loss of these services. Assessing these services could be a useful tool to 

recognize the benefits received from rivers offering stronger arguments to protect and 

restore, and help achieve sustainability goals.  Hence, necessitating redoubled efforts to 

reverse declining trends.    

The perennial and rain-fed rivers of India are crucial water resources for millions of people. 

These rivers also harbour one of the most diverse assemblages of aquatic wildlife. However, 

due to increasing demand in the domestic, industrial and agricultural sectors, most river 

basins in India are extremely water stressed, with Krishna, Cauvery, Subernarekha, Pennar, 

Mahi, Sabarmati, Tapi, Luni basins reported to have water availability of less than 1000 m3 

per capita. In addition, there are 5264 completed large dams and 437 large dams are under 

construction in India, altering the natural flow regime of most rivers and subsequently 

reducing the carrying capacity for pollutants. These large multipurpose dams have altered the 

morphology of the rivers, fragmented river habitats and impacted aquatic species occurrence 

and distribution. This is further accentuated by the fact that around 61,948 Million Liter per 

day (MLD) sewage is being generated from Class I and Class II cities in and around these river 

basins and only 37% of the sewage is treated before they are discharged into the rivers. In 

addition, micro- and macro-plastics, persistent xenobiotics, endocrine disruptive substances 
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pose toxicological risk. The threats posed by the national waterways across major rivers for 

cargo movement can be detrimental, as rivers in India, in the natural state, often do not have 

the required depth and width for large vessel movement. Moreover, ship and large vessel 

movement in rivers are detrimental to aquatic species and may even provide opportunities 

for the spread of invasive aquatic species.  

Owing to these anthropogenic stressors, the resulting habitat degradation, alterations, 

invasive species and over-exploitation, the aquatic species within these river basins are under 

stress while some species have become locally extinct. These existing threats are expected to 

be further heightened by the impacts of climate change, questioning the survival of the 

aquatic species. Therefore, it is crucial to address the basin specific threats, keeping in view 

the current global river conservation scenario and based on the ecological character of 

healthy rivers.  

While existing literature have addressed the issues of hydrological modeling, engineering 

solutions and even pollution to some extent, no studies have been conducted to address the 

issue of river conservation from the context of biodiversity conservation and ecosystem 

services management. This necessitates urgent restoration and conservation actions for these 

national rivers through holistic science-based studies that address ecosystem processes and 

hydrological linkages within these systems.  

In view of this, a consultative meeting was held on 16th December 2019 at National River 

Conservation Directorate, Ministry of Jal Shakti to identify the major Indian rivers for 

conservation prioritization. It was suggested that the Biodiversity Conservation and Ganga 

Rejuvenation model implemented by Wildlife Institute of India (WII) under the National 

Mission for Clean Ganga project should be replicated to start the Nation-wide river 

conservation project, and WII can be the nodal agency. A comprehensive set of criteria was 

recommended to prioritize rivers for condition assessment. It was proposed that, the rivers 

Cauvery, Godavari, Periyar, Mahanadi and Narmada shall be taken as priority rivers as 

suggested by His Excellency Ram Nath Kovind, President of India, in the Parliament. 

Subsequently, a video conference meeting was Chaired by Hon’ble Minister for Jal Shakti Shri 

Gajendra Singh Sekhawat, on 11th April, 2020 on Biodiversity Conservation projects 

implemented through WII. The Hon’ble Minister directed WII to replicate the river 

conservation model to other Indian rivers and priority shall be given to the rivers mentioned 

by the Hon’ble President of India. In the follow-up meeting on 23rd April, 2020, under the 

chairmanship of Director General (DG), NMCG, DG recognized WII as an umbrella agency to 

spearhead the biodiversity conservation in Indian rivers under the aegis of National River 

Conservation Directorate (NRCD). It was suggested that, Narmada, Mahanadi, Godavari, 

Cauvery, Periyar and Barak rivers shall be studied. The proposed project shall, in the first 

phase, aim at assessment of the biodiversity status of the rivers. 

The Wildlife Institute of India submitted a proposal, earlier for systematic conservation 



iii 
 

planning of select rivers in India. The proposal initially incorporated rivers such as 

Brahmaputra, Barak, Narmada, Godavari, Krishna and Cauvery. As suggested during the 

meetings, the revised proposal includes Narmada, Mahanadi, Godavari, Cauvery, Periyar and 

Barak rivers. In the first phase, the project aims at assessment of ecological status of the 

identified rivers in India for conservation planning. Intensive ecological studies will be carried 

out in the six prioritized river basins of India and ecological status will be assessed. 

Conservation institutions/organizations working in the respective regions will be identified 

according to their expertise and capacity will be enhanced to engage them in long term 

networking and conservation planning. Latest methodologies and tools available to science 

will be used to achieve the project objectives. 

The project will lead to enhanced understanding of the occurrence and distribution of aquatic 

species of conservation concern, hydrology regime, extent of morphological alteration, extent 

of anthropogenic influence, and concentration of key pollutants in these rivers. The findings 

of the project will pave path for initiating systematic conservation for the identified rivers in 

the next phase. The existing Ganga Aqua Labs at WII will be strengthened to cater to the 

requirements of other Indian rivers for conservation planning and information dissemination. 

The project will be implemented at an estimated cost of INR 24,56,25,094/- over a period of 

two years and six months. 

Table 1. Year wise consolidated budget outlay (in INR) 

Budget 
Heads 

Manpower Equipment Creation of 
Centralized 

facilities 

Operational Travel Office 
management 

costs 

Contingency Institutional 
charge  

(@ 15%) 

GRAND TOTAL 

Year 1 38788000 49920000 18000000 8500000 2000000 1000000 2000000 12020800 132228800 

Year 2 42646800 6580000 7000000 8500000 3000000 1000000 2000000 7072680 77799480 
Year 3  
(6 months) 

26570740 990000 0 2800000 1000000 500000 500000 3236074 35596814 

Total  108005540 57490000 25000000 19800000 6000000 2500000 4500000 22329554  24,56,25,094 
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ASSESSMENT OF THE ECOLOGICAL STATUS OF SELECT INDIAN RIVERS FOR 

CONSERVATION PLANNING 

 

 

BACKGROUND 

A consultative meeting was held on 16th December 2019 at National River Conservation 

Directorate, Ministry of Jal Shakti to identify the major Indian rivers for conservation 

prioritization. The meeting was chaired by Smt. T. Rajeswari, Additional Secretary, Ministry of 

Jal Shakti and co-chaired by Mr. B. B. Barman, Advisor, NRCD. The meeting was attended by 

representatives from National Mission for Clean Ganga (NMCG), International Union for 

Conservation of Nature (IUCN), Zoological Survey of India (ZSI), Wildlife Institute of India (WII), 

Central Water Commission (CWC), and Forest Research Institute (FRI). It was suggested that 

the Biodiversity Conservation and Ganga Rejuvenation model implemented by Wildlife 

Institute of India under the National Mission for Clean Ganga project should be replicated to 

start the Nation-wide river conservation project, and WII can be the nodal agency. A 

comprehensive set of criteria was recommended to prioritize rivers for condition assessment. 

To begin with following criteria were agreed upon, viz. 1. Socio-cultural value, 2. Biodiversity 

value, 3. Pollution load, 4. Extent of modification of river morphology, and 5. Biogeographic 

zones. It was proposed that, the rivers Cauvery, Godavari, Periyar, Mahanadi and Narmada 

shall be taken as priority rivers as suggested by His Excellency Ram Nath Kovind, President of 

India, in the Parliament. Successively, the Wildlife Institute of India submitted a proposal for 

systematic conservation planning of select rivers in India, and a detailed work plan of the 

proposed project was presented during a follow-up meeting held on 14th February, 2020 at 

the office of the National Mission for Clean Ganga (NMCG), under the chairmanship of 

Director General (DG), NMCG.  

A video conference meeting was Chaired by Hon’ble Minister for Jal Shakti Shri Gajendra Singh 

Sekhawat, on 11th April, 2020 on Biodiversity Conservation projects implemented through 

WII. The Hon’ble Minister directed WII to replicate the river conservation model to other 

Indian rivers and directed that, priority shall be given to the rivers mentioned by the Hon’ble 

President of India. In the follow-up meeting on 23rd April, 2020, under the chairmanship of 

DG, NMCG, WII was given the task to spearhead the biodiversity conservation in Indian rivers 

as an umbrella agency, under the aegis of National River Conservation Directorate (NRCD). It 

was suggested that, Narmada, Mahanadi, Godavari, Cauvery, Periyar and Barak rivers shall be 

studied. The proposed project shall, in the first phase, aim at assessment of the biodiversity 

status of the selected rivers. The comprehensive proposal is as follows. 
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INTRODUCTION 

GLOBAL RIVER CONSERVATION STATUS 

Freshwater ecosystems comprise of rivers, streams, inland wetlands, lakes, ponds, marshes, 

and swamps, covering 0.8% of earth’s surface (Balian et al., 2008). These systems harbour the 

richest diversity of species as well as habitats (Revenga et al., 2005; Abell et al., 2008; Collen 

et al., 2014). They support at least 9.5% of all animal species (Balian et al., 2008), nearly 6% 

of all described species (Dudgeon et al., 2006) and 1/3 of all vertebrate species (Strayer and 

Dudgeon, 2010).  

Globally, 65% of river discharge, and the aquatic habitat supported by the rivers is under 

moderate to high threat. Incidentally, 80% of the global population lives in areas where either 

incident human water security or biodiversity threat exceeds the 75th percentile (Vörösmarty 

et al., 2010). This can be attributed to rise in human population, agricultural expansion and 

settlements that has led to widespread degradation and disruption of these systems and 

decline in biodiversity (Allan and Flecker, 1993), and stand to be further affected by 

anthropogenic climate change (Karl et al., 2009).  

Globally, 67% of rivers are moderately to highly fragmented resulting in loss of connectivity 

to sea that is of vital importance for the exchange of water, nutrients, sediments and species 

with deltas, estuaries and the ocean  (Grill et al., 2019). There are 60,000 large dams and more 

than 3,7000 hydropower dams currently planned or are under construction worldwide. As a 

result, 48% of rivers are moderately to severely impacted by flow alteration, morphological 
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modification, habitat fragmentation and degradation, and pollutant flux (WWF, 2016; 

Schmutz and Moog, 2018). In effect, these ecosystems have lost a greater proportion of their 

species and habitat than the terrestrial and marine ecosystems, and they face increasing 

threats from dams, water withdrawals, pollution, invasive species, and overharvesting (MEA, 

2005). Therefore, these systems and the species they support are among the most imperiled 

worldwide (Revenga et al., 2005), as 34% of species inhabiting rivers are under threat as 

compared to marsh and lake species (Collen et al., 2014). A global assessment also reveal that 

freshwater megafauna populations has declined by 88% from 1970 to 2012 and mega‐fishes 

exhibited the greatest global decline (94%) (He et al., 2019). This scenario necessitates 

intensified efforts to reverse declining trends (Dudgeon et al., 2006).    

Climate change will affect hydrologic and thermal regimes of rivers, having a direct impact on 

freshwater ecosystems and human water use (van Vliet et al., 2013). It is predicted to induce 

changes in regional precipitation and temperature patterns that have the potential to alter 

natural flow regimes of rivers. The ecological consequences and management responses for 

any river will  depend  not  only  on  the  direct  impacts  of  increased temperature  but  on  

how  extensively  the  magnitude,  frequency, timing, and duration of runoff events change 

relative to the historical and recent flow regime. Additionally, it will also depend on how 

adaptable the aquatic and riparian species are to different degrees of alteration (Palmer et 

al., 2009). Consequently, free-flowing rivers in largely undeveloped river basins are expected 

to be resilient to climate change, while the need for restoration/rehabilitation and proactive 

management may be quite high in dammed and otherwise developed river systems (Palmer 

et al., 2008). 

Climate change could aggravate other anthropogenic issues in river ecosystems, as it primarily 

manifests itself through changes in the water cycle. Its impacts will have direct consequences 

for water security and conflict (IUCN, 2015). As the climate changes, droughts, floods, melting 

glaciers, sea-level rise and storms intensify or alter, causing periodic and chronic shortfalls of 

water, particularly in arid and semi-arid areas of the world (IPCC, 2001). As most of India is 

arid or semi-arid, the country is particularly vulnerable, especially with water resources 

mainly derived from single-point systems such as bore wells or isolated reservoirs (Mujumdar, 

2008).  

Rivers provide an array of ecosystem services spanning broad categories of human societal 

needs; including resource provisioning such as drinking water and fisheries, regulating 

services such as flood mitigation and water filtration, supporting services such as maintaining 

riparian wildlife habitat and biodiversity, and cultural values such as recreation and aesthetics 

(Alan et al., 2016; Gilvear et al., 2017; Ncube et al., 2018). These services could only be 

maintained when freshwater ecosystems are functionally intact (Baron et al., 2002). However, 

increasing degradation of freshwater ecosystems and decline of associated species (Collen et 

al., 2009; Galewski et al., 2011), has resulted in a decline in these services (Dodds et al., 2013). 

Given escalating trends in species extinction, human population, climate change, water use 
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and development pressures, freshwater systems will remain under threat well into the future 

(Stephen et al., 2007). Therefore, it is necessary to assess ecosystem service value of rivers in 

conjunction with biodiversity values. 
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RIVER RESTORATION IN INDIA 

The  river  restoration programme  in  India was  initiated  with  the  launching  of  the  Ganga 

Action  Plan  (GAP)  in  1985, which  was  later expanded  to  cover  other  rivers  under the 

National River Conservation Plan (NRCP). The NRCP is implemented for rivers, lakes and 

wetlands in the country by National River Conservation Directorate (NRCD) of the Ministry of 

Jal Shakti. The Ministry of Jal Shakti through the National Mission for Clean Ganga (NMCG) is 

addressing the challenges posed to the Ganga River in a comprehensive manner. Under this 

initiative, a science-based aquatic species restoration plan is being developed through the 

Wildlife Institute of India’s – Biodiversity conservation and Ganga rejuvenation project. At the 

end of its first phase, the project has yielded significant scientific outcomes for aquatic 

biodiversity conservation in the mainstem Ganga River and has garnered stakeholders’ 

support. In the second phase, this study has been extended to the basin level, spearheading 

river conservation and management throughout the Ganga basin. 

India has about 4% of the world’s renewable freshwater reserve, which support nearly 18% 

of the world’s population and unique assemblage of aquatic and semi-aquatic biota. The 

perennial and rain-fed rivers are crucial water resources and habitats for humans and the 

biodiversity. The Central Water Commission has identified 20 river basins drained by eight 

major rivers and their tributaries. These rivers are Indus, Ganga and Brahmaputra originating 

from Himalaya-Karakoram ranges; Narmada River from Satpura range; Mahanadi River from 

Chotanagpur plateau; and Godavari, Krishna and Cauvery from Western Ghats. Brahmaputra 

- Barak - Ganga System accounts for about 60% of total surface water resources of India (NIH, 

2019). 

Due to increasing demand in the domestic, industrial and agricultural sectors, most of the 

major river basins in India are extremely water stressed. As reported by the Central Water 

Commission (CWC, 2015), the per capita annual water availability reduced from 1816 m3 in 

2001 to 1544 m3 in 2011. The per capita annual water availability in the Brahmaputra river 

basin is 13,407 m3 whereas it was as low as 263 m3 in Sabarmati basin during the year 2010. 

Most river basins such as Krishna, Cauvery, Subernarekha, Pennar, Mahi, Sabarmati, Tapi, Luni 

were reported to have water availability of less than 1000 m3 per capita which is considered 

as water stressed.  

In addition, there are 5264 completed large dams and 437 large dams are under construction 

in India (CDSO, 2019). An overview of dam-based impacts on large river systems reveal that 

the Ganga-Brahmaputra basin is moderately fragmented, however, the river basin in the 

peninsula are highly fragmented (Nilsson et al., 2005). The impoundments have altered the 

natural flow regime of most of the rivers and subsequently reduced the carrying capacity for 

pollutants.    

This is further accentuated by the fact that around 61,948 Million Liter per day (MLD) sewage 

is being generated from Class I and Class II cities in and around these river basins and only 
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37% of the sewage is treated before they are discharged into the rivers. Out of the total 

measurable pollution in the rivers from various point sources, around 75% is accounted for 

by municipal sewage from towns located along the banks of rivers and remaining 25% is 

accounted for by industrial effluents (CPCB, 2015). In addition, micro- and macro-plastics, 

persistent xenobiotics, EDSs pose toxicological risk (Moore, 2006). 

The Inland Water Authority of India has recognized 111 national waterways across major 

rivers for catering to demand for economically cheap transportation. Increasing river traffic 

and large vessel movement are detrimental to aquatic species and may even provide 

opportunities for the spread of non-native aquatic species (Panov et al., 2009). The invasive 

introduced species such as Tilapia (Oreochromis aureus), Grass carp (Ctenopharyngodon 

idella), guppy fish (Poecilia reticulata), Red Piranha (Pygocentrus nattereri) in the southern 

India (Bijukumar, 2000), has altered the aquatic ecology by changing water quality and species 

composition. Owing to these anthropogenic stressors, the resulting habitat degradation, 

alterations, invasive species and over-exploitation, the aquatic species within these river 

basins are under stress while some species has become locally extinct. For example range of 

hilsa (Tenulosa ilisa) has reduced in the Ganga River due to Farakka barrage. Migratory fish 

species such as Tor mosal, Rhinomugil corsula and Macrobrachium sp. have been affected by 

the Hirakud Dam in Mahanadi (Sugunan and Yadava, 1992). Annual catch of hilsa has decline 

by 75% from 1991 to 2008 in Narmada (Bhaumik et al., 2017). The population of 

Mastacembelus armatus in the Narmada River from Jabalpur is isolated between Bhedaghat 

waterfall and barrage on the upstream, and the population is found to be further genetically 

differentiated (Khedkar et al., 2014). 

The introduction of exotic and alien species to the natural waters of Kerala has resulted in 

competition for food and space and ultimately in the decline of indigenous species. In Periyar 

Lake, which is well known as one of the biodiversity hotspots of Kerala, exotic species such as 

Common carp Cyprinus carpio have already established breeding populations and contribute 

more than 70% of the stock. A high percentage of diet overlap exists between native fish 

species like Tor khudree, Gonoproktopterus curmuca, Lepidopygopsis typus and exotic species 

like Tilapia (Oreochromis mossambicus) and Common carp. Percentage contribution of exotics 

in the landing showed clear cut preponderance over indigenous fish species by weight. Tilapia 

has established its populations in almost all rivers of Kerala. The exotic high yielding African 

catfish (Clarias gariepinus) is another potential danger to the indigenous species in most part 

of India (Kurup et al., 2004). 
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NEED OF THE STUDY 

The rivers in India pass through nine Biogeographic zones and nurture unique aquatic species 

assemblage. The Ganga basin provide critical habitat for Gangetic dolphin (Platanista 

gangetica gangetica), Irrawaddy dolphin (Orcaellabrevirostris), Smooth coated otter 

(Lutrogale perspicillata), Sarus crane (Grus antigone), Indian skimmer (Rynchops albicollis), 

gharial (Gavialis gangeticus), mugger (Crocodylus palustris), Saltwater crocodile (Crocodylus 

porosus), Northern river terrapin (Batagur baska), Red-crowned roofed turtle (Batagur 

kachuga) and fish species such as Golden Mahseer (Tor putitora) (WII-GACMC, 2018). The 

Barak River is one of the bio-diverse rivers in the Brahmaputra River basin and passes through 

Himalayan and North-east biogeographic zones and herbour endemic biota such as Orange-

spotted snakehead fish (Channa aurantimaculata). A putative new species, Osteobrama 

serrata has been described from the Barak River basin. Besides, the Gangetic dolphin and 

Smooth-coated otter are key aquatic species of the basin (Wakid, 2005; CSG, 2014). The 

Mahanadi basin share biotic elements from the Gangetic basin and the key fauna are 

represented by Gangetic dolphin, Irrawady dolphin, Smooth coated otter, mugger, saltwater 

crocodile (ZSI, 1998; FPDWCI, 2017). The Tor mosal mahanadicus is endemic to this basin 

(Mohapatra et al., 2017). In the Deccan peninsula, the Narmada basin nurture key aquatic 

species such as Smooth coated otter, mugger, Tor mahseer (Tor tor) and other fish species 

(Suthar et al., 2017; Saini and Dube, 2018). Isolated from the northern river basins and passing 

through bio-diverse Western Ghats, the Godavari, Periyar and Cauvery rivers provide habitat 

for distinctive aquatic species. The Godavari basin nurture key aquatic species such as 

smooth-coated otter, Saltwater crocodile and unique species such as Leith's softshell turtle 

(Nilssonia leithii) and Fringed-lipped carp (Labeo fimbriatus) (Das, 2008; Raveendranathan, 

2016). The Periyar River in the Western Ghats show high endemism in terms of fish fauna, 

and species such as Crossocheilus periyarensis, Garra periyarensis and Nemacheilus 

periyarensis are new found records in the river (Gopi, 2001; Kurupand Radhakrishnan, 2005). 

Researchers described a new fish species (Dario urops) from Cauvery basin (Silas, 1951), 

besides, Puntius cauveriensis and Hemibagrus punctatus are endemic to this region (Ali et al., 

2013). Asian giant softshell turtle, Humpback mahseer (Tor sp.), and saltwater crocodile are 

also key aquatic fauna in this region (Pinder et al., 2015; Melvinselvan and Das, 2017). 

Due to increasing demand for domestic, industrial and agriculture uses, most of these river 

basins are water stressed. The impoundments have altered the natural flow regime of most 

of the rivers and subsequently reduced the carrying capacity for pollutants.  This is further 

accentuated by the fact that around 61,948 Million Liters per day (MLD) sewage is being 

generated from Class I and Class II cities in and around these river basins and only 37% of the 

sewage is treated before falling into rivers (CPCB, 2015). Out of the total measurable pollution 

in the rivers from various point sources, around 75% is accounted for by municipal sewage 

from towns located along the banks of rivers and remaining 25% is accounted for by industrial 

effluents. In addition, micro- and macro-plastics, persistent xenobiotics, EDSs pose 

toxicological risk (Moore, 2006).  
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In India, 5264 completed large dams are fragmenting most major rivers and their tributaries, 

with an additional 437 dam under-construction (CDSO, 2019). In the Ganga basin alone 795 

dams and 181 barrages and weirs (Water Resource Information System, India) are altering 

the physical habitat and making the river intermittent. An estimated 70.7% of the Bhagirathi 

River and 48.0% of the stretch of the Alaknanda River in Ganga basin has been 

morphologically altered. Almost 90% of the water is extracted from Bhimgoda barrage 

reducing flow in the downstream till the confluence of Yamuna River and limit distribution of 

Gangetic dolphins (WII-GACMC, 2018). Large multipurpose dams in peninsular rivers such as 

Narmada, Godavari, Krishna and Cauvery are impacting aquatic species habitat and 

distribution. Habitat fragmentation in the Narmada River has created genetic differentiation 

in the Mastacembelus armatus population (Khedkar et al., 2014). Dams in the Krishna and 

Cauvery headwaters in the Western Ghats adversely impacted population of endemic 

Nyctibatrachus species (Naniwadekar and Vasudevan, 2014). The construction of dams on 

Godavari and Krishna rivers resulted in the retention of sediment, in turn, affects the deltas 

by depriving them of sediments in delta-building process, which leads to shoreline erosion 

rather than accretion (Rao et al., 2010). 

India being mostly arid or semi-arid, climate change is a crucial concern (IPCC, 2001). Hence, 

existing threats to rivers will be heightened by the impacts of climate change and altered 

water quality, questioning the survival of the aquatic species (Bouwer et al., 2006). 

Additionally, the absence of policies and institutional mechanism at the state basin level, or 

the larger basin level, and those on water resource development and water allocation taking 

into consideration the ecological health of rivers is a critical concern (Amrit et al., 2017).  

As a consequence of synergistic impact of those factors, the freshwater biota of these river 

basins is under stress and some has become locally extinct. Although numerous studies have 

been carried out on Indian rivers, these studies are fragmented. Moreover, studies on aquatic 

species diversity, richness and their functional roles to draw any conclusion about the 

ecological status of the river for conservation planning are lacking. The ecological 

considerations during river regulation, water abstraction, and morphological modification are 

less accounted while planning developmental projects. Therefore, it is imperative to study the 

ecological status of these rivers, keeping in view the current global river conservation 

scenario. Table 1 summarizes details of the selected rivers to be critically studied during the 

project. 

 

AIM  

The aim of this study is to spearhead aquatic biodiversity conservation in identified Indian 

rivers. 
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OBJECTIVES 

1. Prepare biodiversity profile of the identified rivers to derive the current status.  

2. Identify direct and indirect drivers affecting the integrity of these rivers. 

3. Assess the concentration of key pollutants such as micro- and macro-plastics, 

pesticides, heavy metals and other endocrine disruptive substances (EDSs) in 

identified rivers and bioaccumulation in species of conservation concern. 

4. Derive the current trend in genetic variability and gene flow of identified species 

which might have been disrupted due to river fragmentation. 

5. Identify conservation priority zones and prepare conservation action plan for select 

stretches to minimize the negative impact of the direct and indirect drivers on river 

ecosystem processes.  

6. Identify, prioritize and enhance capacity of the regional institutions/organization 

for long term involvement in river conservation. 

7. Strengthen the existing Ganga Aqua Labs at WII to cater to the requirements of 

other Indian rivers for conservation planning and information dissemination. 

 

 

 

 



11 
 

Table 1.Characteristics of the Indian rivers identified for the study 

River Type 
Passage through 
State/ Union Territory  

Biogeographic 
zone 

Origin Length (km) 
Discharge 

(m3/s) 
Catchment 
area (km2) 

No. of 
dams 

Human density 
(persons/km2) 

Forest cover in 
basin (km2) 

Total irrigated 
area (km2) 

Barak Perennial 
Manipur, Nagaland, 
Mizoram, Assam 

North east 
Liyai Kullen 
Village, Manipur 

564 7786 52000 1* 
431.8 (Barak 

Valley) 
Data not 
available 

Data not 
available 

Mahanadi Perennial Chhattisgarh, Odisha 
Deccan 
Peninsula 

Dandakaranya, 
Chhattisgarh 

850 2119 141589 5 273 43808 68719 

Narmada Perennial 
Madhya Pradesh, 
Gujarat  

Semi-arid - 
Deccan 
Peninsula 

Narmada Kund, 
Madhya Pradesh 

1312 1447 98796 4 161.9 28509.75 59277.6 

Godavari Perennial 
Maharashtra, 
Telangana, Andhra 
Pradesh 

Western Ghats-
Deccan 
Peninsula 

Brahmagiri 
Mountain, 
Maharashtra 

1465 3505 3014503 21 729 1039702.08 1738162 

Periyar Perennial Kerala 
Western Ghats-
Deccan 
Peninsula 

Sivagiri hills 244 1364.66 5398 4 NA 1889.3 417.96 

Cauvery Perennial Karnataka, Tamil Nadu 

Western Ghats-
Deccan 
Peninsula, East 
Coast 

Western Ghat, 
Karnataka 

805 677 81155 9 232 15849.57 86698.81 

*proposed
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APPROACH AND METHODOLOGY 

Extensive and seasonal ecological assessment shall be carried out in identified Indian rivers 

to consolidate primary information on biodiversity, species distribution, habitat 

characteristics and hydrology in terms of water quality and flow. This primary information will 

be collated with published literature and shall be used for determining the current state of 

the aquatic species of conservation significance and their habitat. 

To identify direct and indirect drivers socio-ecological frameworks such as DPSIR and ES, shall 

be used. The drivers shall be identified, described and ranked (Gooch and Stålnacke, 2010). 

Indicators shall be chosen for each of the identified drivers (Vidal-Abarca et al., 2014). Primary 

and secondary data shall be collected for each of the indicators along the selected tributaries 

and wetlands. Samples will be collected to assess micro- and macro-plastic, persistent 

xenobiotics such as pesticides, heavy metals and EDSs. 

Both, temporal and spatial scale of operation of the drivers will also be assessed and adaptive 

social process will be outlined. A risk assessment framework will be developed to explore and 

evaluate the combination of impact chains, with the aim of selection of management options 

(USEPA, 1992; Davidson and Finlayson, 2007; Patricio et al., 2016). Ordination and 

classification techniques will be used for used to analyze correlations/co-occurrence of 

multiple human drivers and pressures, identify most pressured sites, and summarize multiple 

stressors to investigate their impact on the aquatic environment across the basin 

(Pletterbauer et al., 2017).  

To identify the conservation priority areas, stretches that retain significant biodiversity and 

those with high anthropogenic pressure will be identified. This will be done on the basis of 

geo-spatial information, primary survey-based data, tracking movement pattern and habitat 

use of species of conservation significance and identifying hotspots. Habitat prediction model 

will be used to fill up gaps in species distribution information, identification of areas to be 

included in conservation zones and provide decision support by producing a number of 

different options that meet both socio-economic and conservation objectives. Geospatial 

layers will be produced in Geographic Information System (GIS) platform on the basis of 

species distribution, river hydrology, habitat characteristics and anthropogenic disturbances.  

Conserving entire river basins would be impractical and decision-makers should follow 

science-based strategies based on rigorous studies to balance conservation and development 

goals. These strategies should be applied through a conservation action plan. To prepare such 

an action plan it is imperative to know the current state of the aquatic biodiversity, habitat, 

the drivers of biodiversity change, and spatial distribution of the conservation priority and 

problematic areas. This method, known as conservation prioritization aids in decision support 

for conservation planning (Ferrier and Wintle, 2009) and allows decision makers to better 

allocate limited resources (Hicks et al., 2015). Identified conservation priority zones will be 



13 
 

brought under protection within the purview of available legal tools such as the Indian Wild 

Life (Protection) Act, 1972. 

Conservation Action Plans for the Barak, Mahanadi, Narmada, Godavari, Cauvery and Periyar 

rivers will be prepared by integration of science-based knowledge and stakeholder 

consultation. An adaptive management framework will be implemented during the planning 

process to help practitioners and policy planners focus on natural resource conservation 

strategies on clearly defined elements of conservation targets and to measure their success 

in a manner that enables them to adapt and learn over time. Conservation 

institutions/organizations such as Zoological Survey of India, Central Inland Fisheries Research 

Institute, Chilka Development Authority working in those regions will be involved in the 

process. The conservation planning and management of the rivers will be spearheaded from 

the Ganga Aqua Labs at WII. 

ACTIVITIES 

1. Ecological assessments to determine the biodiversity profile, status of species of 

conservation concern and their habitat in identified Indian rivers. 

2. Assess the impact of direct and indirect drivers affecting the integrity of these rivers. 

3. Toxicology assessment, bioaccumulation study and assessment of effect of persistent 

pollutants on aquatic species of conservation significance. 

4. Genetic assessment to evaluate effect of multiple stressors on species of 

conservation concern. 

5. Database on aquatic wildlife and habitat condition of identified rivers will be created 

and maintained. 

6. Development of conservation strategy and site-specific action plan and pilot 

implementation programmes. 

7. Coordination meetings with managers, planners and policy makers to sensitize them 

on the issues of the identified rivers and ensure their cooperation in implementation 

of the conservation action plan. 

8. Identify the prospects for engaging local communities and other stakeholders. 

9. Carryout capacity building activities for institutions/organizations for long term 

involvement in networking and conservation planning. 

10. The existing Ganga Aqua Labs at WII will be strengthened to cater to the 

requirements of other Indian rivers for conservation planning and information 

dissemination. 

DELIVERABLES 

1. Consolidated study report on biodiversity status of the identified Indian rivers. 

2. Quantified information on drivers of change of aquatic environment and their scale of 

operation identified. 
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3. An ecological risk assessment framework that would aid in selection of management 

options. 

4. Database created on biodiversity and habitat condition in spatial framework. 

5. Conservation priority zones identified. 

6. Site-specific action plans are in place. 

7. Framework for capacity building programme developed. 

8. Institutions/organizations identified and engaged for long term commitment in 

networking and conservation action planning. 

9. Ganga Aqua Labs in WII strengthened for assisting in planning national level river 

conservation and information dissemination. 

10. Bring out publications as popular and research articles. 

 

Table 1.1 Timeline of activities 

No. Activities Project Phase (Half yearly) 

1st 2nd 3rd 4th 5th 

1.  Appointment of project personnel      

2.  Upgradation of Centralized Laboratory – River 
Conservation Centre  

     

3.  Procurement of equipment and field gears      

4.  Procurement of maps and GIS layers and satellite 
images 

     

5.  Literature review, baseline survey      

6.  Ecological assessment to determine the biodiversity 
profile, status of species of conservation concern and 
their habitat in identified Indian rivers 

     

7.  Framework for capacity building programme      

8.  Identification and prioritize institutions/organization & 
capacity building programmes 

     

9.  Ecotoxicological and genetic assessment      

10.  Database on aquatic biodiversity and habitat conditions      

11.  Publications in print on subject matters      

12.  Identification of conservation priority zones      

13.  Development of conservation strategy and site-specific 
action plan 

     

14.  Coordination meetings with managers, planners and 
policy makers 

     

15.  Functional Ganga Aqua Labs for river conservation in the 
Wildlife Institute of India, Dehra Dun 
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Table 1.2 Log frame 

TASK  ACTIVITIES MEASURABLE 
INDICATORS 

MEANS OF 
VERIFICATION 

IMPORTANT 
ASSUMPTIONS IF 

ANY 

Objective 1:   
Prepare biodiversity 
profile of identified 
Indian rivers. 

1. Review of literature 
(First year onwards). 

2. Regular strategic 
survey for current 
state of aquatic 
environment and 
biodiversity in 
identified rivers 
(First year onwards). 

1. Status of key aquatic 
fauna in the 
identified rivers. 

2. Geo-spatial 
distribution of 
aquatic species of 
conservation 
significance in 
identified rivers. 

1. Number of 
ecological surveys. 

2. Publications of 
brochures, booklets, 
resource materials. 

3. Status and 
distribution of 
species of 
conservation 
significance in GIS 
domain. 

1. Adequate funds 
are made 
available on time.  

2. Necessary 
approval obtained 
from concerned 
agencies. 

Objective 2: Identify 
direct and indirect 
drivers affecting the 
integrity of these 
rivers. 

1. Identification of 
activities in the 
basin affecting 
ecological integrity 
of the identified 
rivers through 
ecological surveys 
(First year onwards).  

1. Drivers of change of 
aquatic 
environment and 
their scale of 
operation identified. 

 

1. Drivers and their 
relationship with 
the aquatic 
biodiversity derived. 

1. Adequate funds 
are made 
available on time. 

Objective 3: Derive 
the current trend in 
genetic variability 
and gene flow of 
identified species 
which might have 
been disrupted due 
to fragmentation of 
the longitudinal 
connectivity of the 
rivers. 

1. Regular strategic 
survey for sampling 
for genetic 
variability 
assessment (First 
year onwards). 

 

1. Report on factors 
affecting genetic 
variability of species 
of conservation 
significance.  

 

1. Number of 
ecological surveys. 

2. Genetic variability 
of species of 
conservation 
significance defined 
for identified rivers. 

1. Adequate funds 
are made 
available on time.  

2. Necessary 
approval 
obtained from 
concerned 
agencies. 

Objective 4:  
Asses the 
concentration of key 
pollutants such as 
micro- and macro-
plastics, heavy 
metals and 
endocrine disruptive 
substances (EDSs) in 
identified rivers and 
bioaccumulation in 
species of 
conservation 
concern. 

1. Samples collected 
for water quality 
and ecotoxicology 
assessment (First 
year onwards). 

1. Report on 
ecotoxicology of 
identified rivers. 

1. Risk map 
developed. 

1. Adequate funds 
are made 
available on time.  

2. Necessary 
approval 
obtained from 
concerned 
agencies. 

Objective 5: Identify 
conservation priority 
zones and prepare 
conservation action 
plan for select 
stretches to 
minimize the 
negative impact of 
the direct and 
indirect drivers on 
river ecosystem 
processes. 

1. Procurement of 
maps and GIS layers 
and satellite images 
(First year onwards). 

2. Identification of 
conservation 
priority zones in 
identified rivers 
(Second year 
onwards). 

3. Coordination 
meetings with state 
forest departments 

1. Ecological status of 
identified rivers. 

2. Conservation 
priority zones in 
identified rivers 
identified. 

3. Number of 
coordination 
meetings.  

4. Numbers of site-
specific action plan 
developed. 

1. Digitized maps of 
priority areas. 

2. Ecological status 
report.  

 

1. Timely availability 
of budget. 

2. Line agencies 
provided 
adequate 
support. 
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TASK  ACTIVITIES MEASURABLE 
INDICATORS 

MEANS OF 
VERIFICATION 

IMPORTANT 
ASSUMPTIONS IF 

ANY 

and other line 
agencies for 
management of the 
priority zones (Third 
year). 

Objective 6: Identify, 
prioritize and built 
capacity of 
institutions/organiza
tion for long term 
involvement in 
networking and 
conservation 
planning 

1. Identify 
conservation 
institutions/ 
organizations 
working in those 
areas (First year). 

2. Networking and 
capacity building 
activities and 
engaging them in 
conservation 
planning (Second 
year onwards) 

 

1. A network of 
conservation 
institutions/ 
organizations in 
place for long term 
engagement in 
conservation 
planning.  

 

1. Coordination and 
cooperation at 
National level for 
river and 
biodiversity 
conservation.  

1. Timely availability 
of budget. 

2. Responsive target 
groups. 

Objective 7: 
Strengthen the 
existing Ganga Aqua 
Labs at WII to cater 
to the requirements 
of other Indian rivers 
for conservation 
planning and 
information 
dissemination. 

1. Digital data 
repository on 
aquatic wildlife and 
habitat condition of 
identified 
rivers(First year 
onwards).  
 

1. Publications of 
reports, brochures, 
resource materials, 
booklets and 
scientific and 
popular articles. 

2. Number of 
occasions River 
Conservation Centre 
provided decision 
support in matters 
of conservation of 
Indian rivers. 
 

1. Scientific 
publications, 
popular articles, on 
identified rivers. 

2. Digital information 
repository. 
 

1. Timely availability 
of budget. 
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