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Project Title: Fish Faunal Diversity, Habitat Ecology and their conservation issues of Upper Reaches of 

Manas River System, Bodoland Territorial Area District, Assam 

 

Introduction: 

India, one of the mega biodiversity hotspots in the world, occupies the 9th position in terms of freshwater 

mega biodiversity (Mittermeier et al., 1997). Recent studies on biodiversity loss and its implications for 

ecosystem services have uncovered unprecedented species extinctions at global and regional levels 

(Baille et al., 2004; Dulvy et al., 2003). Biodiversity is essential for stabilization of ecosystems, 

protection of overall environmental quality, for understanding intrinsic worth of all species on the earth 

(Ehrlich and Wilson, 1991). The country is bestowed with vast and varied coldwater and hillstream 

fishery resources which are spread over the Himalayan and peninsular regions as upland rivers, streams, 

high and low altitude natural lakes and reservoirs. There are around 8,243 km long streams and rivers, 

20,500 ha natural lakes, 50,000 ha of reservoirs, both natural and manmade, and 2500 ha brackish water 

lakes in the high altitude (Mahanta & Sarma, 2010). The Coldwater Rivers and hill streams are known 

for their high velocity water fall, rapid cascades, deep pools and substratum comprising bed rock, 

boulder, pebbles, sand, etc. These vast and varied water resources in the uplands harbour rich 

ichthyofaunal diversity comprising large populations of indigenous and exotic, cultivable and non-

cultivable fish species (Sehgal, 1999; Mahanta and Sarma, 2010). The low productivity and higher 

degree of resource seasonality and unpredictability give rise to a unique diversity of aquatic life which is 

usually prone to many types of disturbances (Bhatt et al., 2012; Jena and Gopalakrishnan, 2012; Singh 

et al. 2014). 

The North Eastern (NE) region is considered as global hotspots of freshwater fish biodiversity in the 

world (Kottelat and Whitten 1996). Due to the heterogeneous nature of freshwater habitats, they harbour 

diversified fish fauna, with fish serving as prime indicators of ecosystem status (Karr et al., 1986). 

Riverine fauna show a high degree of endemism, with most endemic fish species living in headwater 

streams and/or short stretches of river (Groombridge 1992; Kottelat and Whitten, 1996). Thus, riverine 

freshwater habitats are among the least studied, and likely many species freshwater habitats are among 

the least studied, and likely many species still await discovery (Kottelat and Whitten, 1996). The 

diversity of ichthyofaunal species in the Northeast India is attributed to the recent geological history, 

especially the Himalayan orogeny (Kottelat 1990). The ichthyofauna of Northeast India has elements of 

the Indo-Gangetic region; and to some extent, of the Myanmar’s and South-Chinese’s region (Yadava 
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and Chandra 1994). Freshwater fish biodiversity, in recent years, has declined faster than either 

terrestrial or marine biodiversity over the past 30 years (Jenkins 2003) due to habitat destruction and de-

fragmentation (Chovance et al. 2003), water abstraction, industries and private use (Szollosi-Nagy 2004; 

Ricciardi and Rasmussen 1999; Gibbs 2000; Dawson et al. 2003), exotic species introduction (Copp et 

al. 2005), pollution (Lima-Junior et al. 2006) and global climate change impacts (Leveque et al. 2005; 

Mas-Marti et al. 2010). 

Description of the Study area: 

The Manas River (Pron: ˈmʌnəs; in Bhutan Drangme Chhu; in China Niamjang) is a transboundary river 

in the Himalayan foothills between southern Bhutan and India. It is named after Manasa, the serpent god 

in Hindu mythology. It is the largest river system of Bhutan, among its four major river systems; the 

other three are Amo Chu or Torsa, Wong Chu or Raidak, Mo Chu orSankosh. It is met by three other 

major streams before it again debouches into India in western Assam. The river valley has two major 

reserve forest areas, namely the Royal Manas National Park (43,854 hectares (108,370 acres), 

established in 1966) in Bhutan and the contiguous Manas Wildlife Sanctuary (391,000 hectares (970,000 

acres) in 1955 increased to 95,000 hectares (230,000 acres) in December, 1985 encompassing Project 

Tiger reserve, an elephant reserve and a biosphere reserve, which constitutes a UNESCO World 

Heritage Site declared in December 1985.  

The River Manas, which forms one of the most important snows fed originated river of Assam has a 

total length of 376 kilometers (flows about 272 kilometers in Bhutan and then 104 kilometers through 

Assam) before it joins the mighty Brahmaputra River at Jogighopa. In Assam, the river is bifurcated at 

Mothanguri to give rise a tributary named Beki which passes through the Manas National Park (26°35' 

to 26°50'N and 90°45' to 91°15'E). Another major tributary of the Manas, the Aie River joins it in 

Assam at Bangpari. Apart from Beki, the river has a number of other tributaries too namely Sankosh, 

Saralbangha, Hel, Tanali, Gourang, Sidli (Bhor) Aai, Puthimari, Kaladia, Tihunala, Morapagaldia, 

Nona, Baralia, Pub-Bornodi and Dhansiri, flowing all length of the National Park. It is reported that 

upper stretches of Manas River and its tributaries are predominantly inhabited by cold-water fish species 

(Dubey 1978). 

 

Freshwater fish is one of the most threatened taxonomic groups (Darwall and Vie, 2005) because of its 

high sensitivity to the quantitative and qualitative alteration of aquatic habits (Laffaille et al., 2005; 

Kang et al., 2009; Sarkar et al., 2008). As a consequence, they are often used as bio-indicator for the 
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assessment of water quality, river network connectivity or flow regime (Chovance et al., 2003).  

Nowadays, fish biodiversity and management of associated habitats is a great challenge (Dudgeon et al., 

2006). In addition, the conservation of aquatic biodiversity has gained great ecological importance over 

recent years (Hossain et al., 2012). Therefore, the need of the hour is to analyze and predict processes 

and impacts at the level of species, assemblages and ecosystem processes in lotic system, in the systems 

of high spatial and temporal heterogeneity.  

Fresh water fishes being one of the important components of the aquatic ecosystem offer a multitude of 

opportunities for studying basic ecological and evolutionary questions, along with their important 

socially relevant ecosystem services. Valuing these benefits, the Manas River had been embarked on 

documenting its freshwater fish diversity, habitat ecology and their conservation issue which perhaps is 

first of its kind along the entire length of the river system. 

Over the last few decades, the fish diversity of Manas drainage system has adjusted to the elasticity of 

the aquatic environment and has altered drastically due to illegal fishing and pollution stress. Also, ill-

conceived human interventions which have overlooked the importance of open capture fisheries, have 

jeopardized the complex fisheries, altered and degraded fish habitats, and impeded natural 

recruitment of fish, resulting in loss of fish yield and biodiversity. In turn, this has negatively affected 

the nutrition and livelihood of millions of floodplain dwellers.  

Boulders, cobbles, pebbles, gravels and sands are the major characteristic feature of the River Manas at 

its upstream providing suitable habitat for spawning and rearing of coldwater fishes. On the contrary, the 

downstream is bedded with mud and sand providing habitat for plain dwellers fishes. As this region falls 

under the path of the monsoonal winds (both the north-west and south-west monsoon), they highly 

influence the climate of the region. Water temperature is moderate, except during the summer (average 

24°C) when it is very sultry due to a high relative humidity. Basically there are four main climatic 

seasons in this part of the region: winter (December–February), pre-monsoon (March–May), monsoon 

(June-August) and retreating monsoon (September–November). Upland aquatic resources and habitats 

are always considered as sensitive zone subjected to climate change; deforestation; agricultural land use; 

pollution; channel modifications; inter-basin transfers of water and modified flow regimes; loss of 

habitat and habitat connectivity; and fishing pressure. Natural calamity such as flood and habitat 

destruction along with other anthropogenic activity like over fishing using different kinds of traditional 

fishing nets has brought a significant decline in high value indigenous fish fauna like golden Mahseer, 

Tor putitora, other Tor sp. and Schizothorax sp., Systomus sarana and others (Dubey 1978). Heavy 
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influx of water during flood has also originated prolonged siltation problem in different parts of the 

river, causing destruction of breeding ground and loss of indigenous fish germplasm. Habitat 

destruction, in addition to anthropogenic activity like over fishing using different kinds of traditional 

fishing nets, baskets, rod and line, spearing, fish traps has brought a rapid depletion in fish population 

specially the cold water species of the region. 

Due to excessive fishing pressure, pollution and other ill-conceived human interventions which have 

overlooked the importance of open capture fisheries, have jeopardized the complex fisheries, 

altered and degraded fish habitats, and impeded natural recruitment of fish, resulting in loss of fish 

yield and biodiversity. Very little work has been carried out on the population and distribution of fish 

fauna of the Manas River system (Dey and Sarma 1967; Dubey 1978; Basistha 2006). Sarma and Dutta 

(2000) had conducted studies on the conservation aspect of two coldwater fish species, Schizothorax 

molesworthii and Schizothorax richardsonii of Beki and Manas River. 

For every water body of North East region, whether lotic or lentic, there were inimitable pattern of gears 

and crafts operating in their system. Based on the topology, ecology and habitat of the resources 

availability, there is a well defined pattern and distribution of fishing techniques for the riparian sectors. 

The traditional fishing methods in the different water bodies of Northeast India have been described by 

various authors (Joseph and Narayanan 1965; Gurumayum and Choudhury 2007; Kar et al. 2007; 

Lalthanzara and Lalthanpuii 2009). Some earlier records of fishing gears and crafts from India (Lal 

1969; Bhanot 1973; Sreekrishna and Shenoy 2000; Sharma 2001; Bhattacharjya et al. 2005) are well 

deserved to be mentioned. The number of fishing cycle per day depends upon the daily pattern of 

occurrence (density) of fishes, types of fishing methods used, geographical condition of fishing grounds 

and fisherman. Fishermen all over the world use some kind of traditional knowledge to attract and 

aggregate the fish to facilitate its easy harvest. The artisanal fishermen of the state and more particularly 

in the Manas River use wide variety of fish catching techniques and methods.  

However, nothing has been reported on the diversity and distribution of fish species from the river 

system with respect to their habitat ecology and conservation issues. In the present investigation, effort 

has been made to fish faunal diversity of the Manas River along with their habitat ecology for the 

conservation of fish fauna. More importantly, it will also help to draw appropriate management 

interventions to protect our freshwater biodiversity for future to adapt to emerging threats of climate 

change and water pollution. Further, the study would be the stepping stone to extend more interest for 

young researcher to come forward and work on the particular field to enhance conservation and 
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management of fresh water ecology particularly in fragile area and the river system at large. Therefore, 

in the present investigation effort made towards that end throughout the length of the river within 

Assam.  

Objectives of the Project: 
 
1. To search the present status of fish community structure of upland area of the River, their diversity 

patterns in the distribution of different fish biodiversity components (seasonal plus altitudinal 

variation, taxonomic richness, endemicity, taxonomic singularity and rarity) of Manas River system 

in Assam in its upper reaches.   

2. To analyze the state of habitat ecology, species diversity and possible influence on native fish fauna 

by exotic fish.  

3. Marking of fish specifically available in particular zone/location in different geographical area of the 

River.  

4. To study different indices of fish biodiversity management for formulating possible conservation 

strategies. 

5. To develop the inventory of fishing crafts and gear operated in the rivers to know its efficiency, 

mesh sizes and its impact on fish population. 

Materials and Methods: 
 
A total of 104 km of the river from its upstream (26°46/90.2// N and 90°57/41.9// E) to the lower stretch 

(26°11/57.4// N and 90°34/18// E) has been taken into consideration (Fig. 1). Six study sites were selected 

along the entire length of River Manas viz.,  

1. Mothanguri (S1) (90°57/41.9// E and 26°46/90.2// N) with elevation 287 MSL; 

2. Narayanguri (S2) (90°55/16.7// E and 26°29/71.1// N) with elevation 186 MSL; 

3. Bekipar (S3) (90°43/15.9// E and 26°21/24.7// E) with elevation 134 MSL;  

4. Mora Manas (S4) (90°44/15.3// E and 26°22/26.3// N) with elevation 118 MSL; 

5. Kalgachia (S5) (90°45/17.3// E and 26°23/ 31// N) with elevation 98 MSL; 

6. Jogighopa (S6) (90°34/18// E and 26°11/57.4// N) with elevation 44 MSL.  

 
For physical and chemical parameters analysis, water samples were collected from all the selected sites 

twice in a season. The distance from one sampling site to another was about 35-40 km and the locations 

of sampling sites were documented using global positioning system. In Northeast India, seasons were 

classified by Barthakur (1986) as pre-monsoon (March-May), monsoon (June-August), retreating 
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monsoon (September- November) and winter (December to February). Parameters like Dissolved 

Oxygen [DO (mg l-1)], Free Carbon dioxide [FCO2 (mg l-1)], Hardness as CaCo3 (mg l-1) Alkalinity as 

CaCO3 (mg l-1) and Chloride (mg l-1) were estimated titrimatically adopting the method of APHA 

(2005).  Water Temperature (°C) was measured by Mercury Thermometer, Turbidity (NTU), 

Conductivity, Total Dissolve Solid [TDS (ppm)] and pH were measured by Nephelometer (Systronics), 

Conductivity meter (Systronics), TDS meter (Systronics) and pH meter (Systronics) respectively. 

Fishes were collected from landing centre as well as directly by visiting the area where maximum 

fishing practices were carried out.  In each sampling site, experimental fishing were also carried out with 

the help of local fishers through cast net (90/, 1//; 9/, 1/2//) and gill net (75x1.3 m, 2//). To determine 

habitat ecology of the river system, water samples and plankton species have been collected twice a 

season from each sampling site. 

1. For physical and chemical parameters analysis random samples of water has been collected from 

selected sampling sites of the entire river length. All the physico-chemical parameters have been 

analyzed using method of APHA (2005) and Trivedi and Goel (1986). 

2. Collection of the fish species were made twice a season from all the selected sites and preserved in 

10 % formalin. The preserved fishes were then brought to the laboratory for proper scientific 

identification. 

3. Identification of the fishes were made followed after Jhingran (1991); Talwar and Jhingran (1991), 

Jayaram (1999) and Vishwanath (2014). For validity of scientific names of the fish species, website 

viz., www.calacademy.org; www.findbase.org.in  has been assessed.  

4. The habitat categorization method has been followed as per Bain and Stevenson (1999). 

5. The relative abundance (RA) (percentage of catch) of collected fish species across different sites of 

the river has been worked out following the formula: 

Number of samples of particular species x 100/Total number of samples 

6. The fish diversity index has been calculated as per the standard method (Shannon and Wiener 1963): 

H' = - Σ pi log (pi), where H' = The Shannon-Weiner Diversity Index and pi = the relative 

abundance of each group of organisms. 

 

 

 

7. Species similarities in all sampling station has been calculated using Jacquard’s index: 
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Sj = j/(x+y-j) 

Where Sj is the similarity between any two zones x and y, j is the number of species common to both 

the zones x and Y, x is the total number of species in zone X and y is total number of species in zone 

Y.  

8. Habitat suitability of the important endemic fishes of the river has been determined by the method of 

U.S. Fish and Wild Life Service (1993). 

9. Identification of plankton species of the river food web has been identified followed after Edmonson 

(1992), Tonapi (1980), Needham and Needham (1997). 

10. Statistical analysis for species diversity, abundance and fish distribution in the river system was 

made using the computer programs, MS Excel and MEGA software.  

Results & Discussion 
Physico-chemical parameters 

Seasonal fluctuations of the physico-chemical parameter of each site are shown in Table 1. Parameters 

like pH, DO, FCO2, Hardness, Alkalinity, Chloride and Turbidity were found fluctuating from one 

sampling site to another throughout the period of investigation. The pH value was estimated neutral at S1 

and S2 (winter season), whereas in all other sites it was slightly alkaline and its values ranged from 6.55 

to 8.6. DO values ranged from 7.55 mg l-1 to 11.3 mg l-1, however, at S5 the levels of DO was observed 

both minimum and maximum in pre-monsoon and monsoon season. The FCO2 level was observed 

minimum at S3 (winter) and maximum at S6 (monsoon) and its value ranged between 3.3 mg l-1 and 11 

mg l-1 in all the sampling sites. The estimated values of alkalinity ranged from 105 mg l-1 to 235 mg l-1 

throughout the study period with highest at S5 (winter) and lowest at S1 (monsoon). Similarly, the values 

of hardness and chloride in the entire sampling site ranged from 61 mg l-1 to 272 mg l-1 and 10.11 mg l-1 

to 24.52 mg l-1 respectively. Turbidity was observed moderate in all the study sites during the period of 

investigation. The level of TDS was ranged from 24.2 ppm to 92.6 ppm, whereas the conductivity values 

ranged between 32.7 mhos cm-1 and 73.7 mhos cm-1. 

  
The relationship (Pearson correlation coefficient) between the physicochemical parameters of water 

sample was analyzed statistically which are presented in Table 2. Correlation values were considered 

significant at P≥0.5 and both positive and negative correlation among the obtained values of physico-

chemical variables has been observed. Water Temperature, pH, FCO2, DO and hardness were positively 

correlated with each other whereas, negative correlation was observed between water temperature and 
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conductivity; water temperature and turbidity; pH and alkalinity; DO and alkalinity; DO and turbidity; 

alkalinity and turbidity respectively. 

Fish species diversity, abundance and distribution 

During the period of investigation, a total of 98 species under 70 genera and 34 families were recorded 

(Table 3), among which, 36.54 % species belong to the inhabitants’ of coldwater origin, 63.46 % species 

of plain water origin and 52.50 % species having uniform distribution in both upstream and downstream 

of the river. From the present investigation, it has been observed that about 1.92 % of fish species were  

recorded in endangered category; 3.85 % in vulnerable category; 6.73 % in near threatened category; 

77.88 % least concerned, 7.69 % were evaluated as not assessed and about 1.92 % were data deficient 

species according to IUCN, 2015 (ver. 3.1). Photographs of the threat category fish species of the river 

are provided in Annexure-I. 

  
Among the plain water fish species, the relative abundance of Amblypharyngodon mola of Cyprinidae 

family was relatively higher (8.65 %), followed by Esomus dandrica and Puntius terio (both from 

Cyprinidae family) with 8.44 % and 6.02 % respectively. Similarly, the relative abundance of hills-

stream fish species viz., Barilius shacra (Cyprinidae) was observed relatively higher (2.26 %), followed 

by Lepidocephalichthys guntea (Cobitidae) and Gonorhynchus latius (Cyprinidae) with 1.75 % and 1.34 

% respectively. The study also recorded three exotic fish species: Ctenopharyngodon idella, Cyprinus 

carpio and Oreochromis mossambicus with relative abundance of 0.05 %, 0.05 % and 2.82 % 

respectively. It is worth mentioning that Pygocentrus nattererii, which was a marine fish species, has 

also been captured from S5 site with only single species. 

 
Highest recorded species were from Cyprinidae family contributing 43 (41.35 %) species followed by 

Cobitidae with 7 (6.73 %) species, Bagridae and Sisoridae family [each with 5 (4.81 %) species] 

respectively (Fig. 2). The members of Cyprinidae family were found distributed uniformly throughout 

the entire stretches of the river. The Shannon–Weiner diversity index of the collected fish species 

showed diversification in the distribution of fish species with overall index value was recorded 3.86. The 

highest fish diversity was recorded during retreating-monsoon season, whereas lowest diversity was 

recorded during monsoon season. Maximum fish diversity was recorded in S3 and S4 followed S5 & S5, 

whereas minimum fish diversity was recorded in the upper stretches i.e., S1 and S2. 
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The rarefaction curve (Fig. 3) indicates the maximum species richness in retreating monsoon followed 

by pre-monsoon, winter and monsoon season. Data of  Fig. 4 reveals the wide variation of species in all 

the seasons. It has also reflects the fish biodiversity richness of the river. The abundance plot of the 

samples has reflected the similar result of biodiversity richness in the river (Fig. 5). The JI values 

between site S4 and S6 were calculated highest while it was calculated lowest in site S3 and S6. The 

similarity in fish species composition across the River has been shown as a dendogram (Fig. 6); obtain 

from the JI coefficients of similarity using the average linkage method. The number of unique species in 

each season for pooled data is shown in the Fig. 7.  

Descriptions of fish diversity in the Manas River are shown in the Table 4. In the retreating monsoon 

season, maximum diversity variance was found as 470.25 with SD ± 21.69 for 84 species with 942 

individuals. Lowest variance (16.36) was calculated in the winter season with SD ± 4.05 with 319 

individuals with 76 species. The fish species richness between different sites showed significant 

difference. Maximum richness was recorded at S3 followed by S5, S6, S4, S2 and S1 respectively. 

Statistical correlations between collected fish species of the river with selected physico-chemical 

parameters (pH, dissolved oxygen, alkalinity and turbidity) indicate positive correlation against the total 

number of fish species throughout the year (Table 5). 

 
Plankton diversity 

The collected species of plankton from Manas River system represents a diverse nature of its 

distribution in the entire length of the river. During the period of investigation, a total of 55 genera of 

plankton were recorded (74.55 % phytoplankton and 25.45 % zooplankton). The phytoplankton genera 

were represented by six groups, out of which Chlorophyceae was observed to be the most dominant with 

17 species (41.46 %). Bacillariophyceae was the second most dominant species with 14 species (34.15 

%); followed by Cyanophyceae and Desmidiaceae with four species each (7.96 %); Oedigoniophyceae 

and Phaeophyceae with single species each (2.44 %) respectively. Similarly, the Zooplankton genera 

were represented by four groups viz., Cladocera, Copepoda, Rotifers and Protozoa. The Cladocera group 

was observed to be dominant with five species (35.71 %); followed by Copepoda with four species 

(28.57 %); Rotifers wit three species (21.43 %) and Protozoa with two species (14.29 %) respectively. 

In terms of annual abundance of phytoplankton genera, out of the total recorded species, Chlorophyceae 

was observed most abundant group with 41.92 % contribution out of the total abundance. Among the 

zooplankton genera, the contribution of Copepoda group (36.59 %) was observed maximum out of the 
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total zooplankton abundance (Fig. 8). Of all the recorded plankton species, the relative abundance of 

Spirogyra sp. (Chlorophyceae) was recorded maximum with 4.12 %, followed by Daphnia sp. 

(Cladocera) with 3.84 %, Oedogonium sp. (Oedigoniophyceae) with 3.69 % respectively. 

 

Fishing Crafts and gears used in the River. 

The one and only available fishing craft used by fisherman in the Manas River is the Plank boat. It is 

one of the most important fishing equipment. The boat is a wooden, non-mechanized, manually operated 

boat which is manufactured locally. The length of the boat is about 7-11 meters and width is about 1-2 

meters. Sometimes, the boats are painted inside with synthetic paints while they are coated with dammar 

outside for protection against water. Fishing gears such as cast net and scoop net may operated through 

the plank boat. The distribution, size, major target species and seasons of operation of various fishing 

gears used in the Manas River system are given below in Table 6. 

 

Fishing gears: 

I. Encircling gear: The encircling gears were found to be operated in shallow water i.e., during the pre 

monsoon and the winter season. The operation of encircling gears is simple. One end of the net is shot 

from a fixed point, after which the gear is hauled. The following types of encircling gears have been 

recorded to be operated in the river system. 

 
a) Khewali jal: Khewali jal is a type of cast net (locally known as Jhankijal or Asrajal), is the most 

common form of net used in the river particularly at sites S4, S5 and S6. It is a conical cast net of      

4-6.5 m in length having 6-18 mm mesh size. Sometimes it is colored dark brown. The circular edge 

of the bottom of the cone is doubled and 30-50 cm in height. Along the inner edge of the mouth of 

the pockets runs a chain of drum shaped sinkers. A rope is attached to the apex of the cone. The end 

of the rope in the fisherman’s left hand and the net folded on his right hand. Generally all types of 

fishes are caught with this net.  

 

b) Ber jal: It is a large rectangular seine net and is also known as tanaber. It is used extensively all 

through the year except monsoon season. The net is closed in a semi circle with the shore as base 

and is hauled up on to the land by gradually pulling in either end. Two boats each of which carries 

half of the net do the paying of the net. The boat proceeds to an appropriate distance from the shore 
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turn to both side and row towards the shore, simultaneously releasing the net. The net is then hauled 

up and the catch is collected at the middle section of the net. About 7-14 men and 2-4 boats are 

required for the operation of ber jal. The fishes collected comprise mainly of the surface and column 

feeders like Labeo sp., Cirrhinus sp., Mystus sp., Channa sp., etc. 

 
II. Entangling gear: Entangling gear such as gill nets are passive fishing gears, and usually operated 

by drifting in surface and column layer of water. These are vertical wall of netting kept erect in the 

water column by means of floats and sinkers and set perpendicular to the direction of movement of 

the target fishes. Gill net is the most common fishing gear used by the fishermen in all the selected 

study area. The mesh size of net shows variations and depend upon the species and size of different 

targeted groups. Gillnets operated in the river system are both weaved by the local fishermen 

themselves as well as bought from the local markets. Common types of entangling gear locally used 

in the river system are as follows: 

 
a) Langijal (Gillnet): Langijal are rectangular nets which are provided with head and foot edges. 

This small meshed drift net is more effective in entangling the fish. Its length varies from 100 m 

while the breadth from 0.5 to 1.5m. Smaller bamboo sticks are used as floats while burned clay are 

used as sinkers. It is thrown over the water particularly from one shore to another. Sometimes the net 

is tied against the current and allowed to drift overnight. Fishes gets entangled in the net by their 

operculum. Different types of Langijals are generally used which are: Puthijal, Kaai langi, Gorai 

langi, etc. 

 
(i) Puthi langi: It is operated in sound the year. The design is similar as mentioned above and the 

mesh size is only 8-10 mm. The total length varies from 10- 50m. The catch composition comprises 

of Puntius sp., Heteropneustes sp., Gibelion sp., Labeo sp., Nandus sp., etc. 

(ii) Kawoi langi: The design detail is same as mentioned earlier about langi jal and mesh size is 

around 17 mm. The major catch composition is Anabas sp., Nandas sp., Heteropneustes sp. and 

Clarias sp. 

 
(iii) Goroi langi: The mesh size is little more (20 mm) than Kawoi langi jal and Puthi langi jal but 

design detail is similar. The net is usually set near weed infested shore area. Fishes are driven into 
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the net with Polo and Juluki. To operate the net 3-5 persons are needed for about 1-2 hours. The 

catch composition comprises of Channa sp., carp fingerlings and small sizes Wallago sp.  

 
(iv). Ari langi: It is also large sized langijal but as dragged gill net. It is made of sunn-hemp (4 plys) 

55-60 mm meshes. The height of the net is about 1.15 m. It is used to fish Ari fishes (Mystus sp.).  

 
(b) Phansijal: Phansijal is a common gill net, smaller than the langijal. It is also rectangular in shape 

and are made of light materials i.e. nylon or cotton hemp. The method of operation involves several 

indigenous mechanisms to drive away the fishes into the net. Like langijal, these are also variously 

named depending upon the fish species sought. There are various sizes of gillnets whose numbers 

are placed according to their mesh size. They are as follows- 

 
i. No-13:- It is made up of plastic supported with lead sinkers. It has a length of 100 ft and width of 

about 3 ft. The mesh size is of 3.5 cm. It is operated during summer. Big fishes up to 1 kg are 

generally caught like Tor putitora, Labeo dyocheilus etc. 

 
ii. No-17:- It is made of plastic or farom and may be with or without sinkers. The nets which are 

without sinkers have a length and breadth of about 200 and 9 ft respectively and mesh size 3 cm. 

Fishes weighing 500-700 gm are caught. It is used in summer.  

The other type of the net which have lead sinkers have a length of 100 ft and breadth of 4 ft. Mesh 

size is 3.5 cm and is used in summer when water current is very strong. Fishes caught are Labeo 

dyocheilus, Schizothorax plagiostomas, Labeo pangusia etc. 

 
iii. No-20:- It is made up of cotton twine and has iron sinkers. It has a length of 100 ft and breadth of 

about 3 ft. The mesh size is of 1 cm. It is used during winter and all types of small fishes are caught 

using this net. 

 
iv. No-30:- It is made up of plastic supported with lead sinkers. The length and weight are 

respectively 150 and 3.5 ft. Mesh size is of 7 cm. It is operated during summer and big fishes 

ranging from 3 to 4 kg weight are caught using this net. 

 
c). Khot-khoti jaal: It is one type of entangling gear used by fishermen of Manas river commonly in 

the upstream region with rocky substratum. It is made up of stones, burnt clay and bones of animals 
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attached to ropes. Two fishermen hold the two end of the jal, and drag them along in the water to a 

particular direction where a third fisherman is ready with a gill net to catch the fishes which are 

dragged along with the khot- khoti jaal. The stones attached to the khot- khoti jaal make sound with 

the rocky substratum of the river thus making the fishes in the river panic and try to escape, but in 

turn, gets entangled in the other net. This net is mostly operated in the pre monsoon season. Fish 

species like Schizothorax richardsonii, Schizothorax labiatus, Tor tor, Tor putitora, Neolissocheilus 

hexagonolepis, etc., are caught with the help of khot khoti jaal. 

 
III. Scooping gear: 

a) Dheki jal or Khora jal: This net is used mainly in sites B4 and B5 in all the seasons of the year. 

It is a fixed type of net triangular in shape. It is made up of cotton or nylon.  Two long bamboo poles 

are tied together forming a ‘V’ shaped lever. The net is about 20-25 feet long loosely bound up, 

wider opening is as mouth and posterior conical side is fish collector. The net is operated in slow 

moderate lotic water. The net is kept hanging on a rigid frame in such a manner that it is usually put 

under water by a pulley design. To lift the net up, the operator exerts extra pressure on the base of 

the triangular corner as weight. Generally the net is lifted at an interval of 15 to 20 minutes or earlier 

after the entry of sufficient no. of fishes.  

  
IV. Hook & line fishing: Here the fishes are individually caught and retained by hooks. Most of the 

fishermen use hooks to catch big fishes specially Tor spp., Schizothorax sp., Labeo sp., and 

Mastacembelus sp. This is used in fast moving as well as slow moving water areas. Though the 

quantity of catch is less, catch obtained by the line fishing is generally of high quality and of 

commercial value. Environmental impacts of the lines are considered to be minimal. The line fishing 

technique is highly energy efficient and the investment on gear operation is generally low. Line 

fishing is basically composed of a line and hook of different shapes and sizes. Two major types of 

hooks and line, Nal barshi, Sip barashi are widely used for fishing in Manas River. 

 
a) Nal barshi: This type of hook bears a nal (rod) instead of bamboo, which is of about 1.5 m long 

and is tied centrally with a nylon rope with a hook, which can float freely at the right angle to the 

nal. Generally Channa sp. Gibelion catla, Anabus testudineus etc. are caught with the help of Nal 

barshi. 
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b) Sip barshi: It is made up of bamboo, which often exceeds 6 m in length. At the tip of the bamboo 

a nylon rope with a hook is tied with a grasshopper, earthworm, etc., as bait. This type of hook is 

used to capture fish like Mystus sp. and Clarias sp. 

 
IV. Traps: Trap fishery works on the principle of allowing the fish to enter the trap and then 

preventing their escape from the trap. The trap is a passive fishing process of ancient origin. There 

are various kind of traps among them, Seppa, is generally employed to trap fishes from Manas River.  

 
a) Seppa/Tepa: This is most commonly used trap. This is a spindle shaped bamboo trap, 

dorsoventrally flattened having the maximum girth at the mid and tapering at both ends. This 

bamboo woven trap is provided with 1-4 numbers of trap doors along the mid alignment of the base. 

The trapped fish is removed from an opening at the posterior extremity. These traps are facing the 

opening against the current. The diameter of the opening is 20-40 cm and total length varies from 0.2 

to 0.9 m. 

 
Fishing without gears   

This, probably, is the simplest method of catching fishes in the River Manas. Fishes are caught by 

hand in the dry season i.e., winter and pre monsoon when the water is shallow. This kind of fishing 

technique is practiced mostly in the sampling sites B1 and B2 which are located in the upstream as 

the river bed in those sites are full of boulders, pebbles and gravels and fishes like Olyra kempi, 

Barilius bendelisis, Barilius barna, Salmostoma bacaila, Paracanthocobitis botia etc. that come out 

in the shallow channels of the hilly river, take shelter beneath the boulders and pebbles and thus are 

caught easily.  

 
Threat and Conservation: 

One of the major threat to the fish and fisheries of the river is the extraction of stones. It is estimated 

that around two to three trucks of stones are carried out from the Bashbari (Narayanguri) area daily 

during winter which deplete the rheophilic environment or breeding grounds of hill stream fishes. 

Another factor is the sand mining practice in Bekipar where around ten to twenty trucks of sand are 

extracted daily which destroys the microhabitat of fish. Absence of a uniform policy to regulate 

fishing has led to indiscriminate fishing. Use of mosquito nets during breeding season poses as one 

of the major reason for the declination of the fish species of Manas River killing the brood fishes and 
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juveniles. Another major threat to the survival of endangered species like Tor sp., Neolissocheilus 

sp., etc., in the river system is illegal poaching. The construction of embankment to resist flood at 

Narayanguri have affected the migration and breeding of certain plain water fish species. 

 
Various factors like selection of site, time, efficiency of materials used and availability of fish, etc. 

are responsible for the success of the fishing techniques in any river system. Chemical poisoning, 

dynamiting, electro-fishing, etc., which have become very popular yet destructive methods for 

fishing now a days, are not practiced in the Manas River. Overall, it has been observed that most of 

the fishing methods adopted in this river was unscientific. In both fishing crafts and gears, traditional 

materials were still prevalent in this mechanized era. However, despite the dominance of gill nets in 

nearly all the sampling sites of Manas River, diversity in fish gears to exploit all elements of the fish 

community has been observed. 

 
Discussion: 

The species diversity of Manas River is so peculiar that it harbours both coldwater and plain water 

fish species. The present study records 35 coldwater fish species including Garra sp., Schizothorax 

sp., Tor putitora, and Tor tor. Prior to this study, Dubey (1978) have reported 28 coldwater fish 

species from this river while, Basistha (2006) reported 79 fish species from the Manas-Beki river 

system. Thus, the occurrence of 104 fish species from the entire river stretch including 35 coldwater 

species exceeds the earlier records. Fish species belonging to almost all the major families were 

found in this river system and the presence of coldwater fishes indicates that the river still remains 

the habitat for coldwater species. Although the number of fish species observed was satisfactory, 

however, due to lack of previous information on the quantification of fish species relative 

abundance, it could not be possible to compare the present fish diversity status with the earlier 

records. Yet as per the information gathered from the local stake holders, it can be summarized that 

the abundance of all the fish species including coldwater species reduced drastically in last couple of 

years.  

 
The present investigation also recorded a decreasing trend in the relative abundance of hill stream 

variety viz., Acantopsis multistigmatus, Aplocheilus panchax, Barilius vagra, Botia almorhae, Danio 

rerio, Glyptothorax botius, Labeo dyocheilus, Neolissochilus hexagonolepis and Tor tor. This might 

have resulted due to the seasonal variations in the level of habitat attributes like Water Temperature, 
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pH, DO, FCO2 etc. across different sampling sites of the river which is in conformity with the 

findings of Sarma and Dutta (2009). Water temperature was always considered as a limiting factor 

which influences geographical and local occurrence of species within one water system (Sehgal, 

1999). 

 
The presence of exotic fish species viz., Ctenopharyngodon idella, Cyprinus carpio and 

Oreochromis mossambicus in the river system indicates the alternation of habitat ecology of the river 

and heavy influx of water during monsoon seasons. Flooded water not only originate prolonged 

siltation problem in different parts of the river, but also caused destruction of breeding ground and 

declining the diversity of indigenous fish species. Moreover, the presence of these exotic fish species 

may cause serious threat to other native fish species of the river ecosystem in the near future. 

Bhaumik et al. (2006) reported that harvesting of Oreochromis mossambica for commercialization at 

increased level in self maintained reservoirs, may get released into the nearby river system during 

flood season. The exotic fishes are a competitor to the native indigenous fish species for food and 

habitat (Singh et al., 2013). They may prey upon native fishes; introduce new diseases and parasites, 

resulting in the degradation of the physicochemical properties of aquatic ecosystems (Singh et al., 

2013). All this will subsequently lead to loss of biodiversity (Singh and Lakra, 2011). The 

occurrence of marine fish species, Pygocentrus nattererii (aquarium species) at site S5 may be due to 

its released into the river or may be due to migration factor from River Brahmaputra which links up 

to the Bay of Bengal Sea.  

Species occurrence in any ecosystem is directly related to the abiotic factor than that of species 

interaction (Peres-Neto, 2004). Present investigation showed that the variations of physico-chemical 

parameters are having direct impact in fish species richness. Fish communities in river system 

typically follow a pattern of increasing species richness, diversity and abundance from upstream to 

downstream (Welcomme, 1985; Bayley and Li, 1994; Granado, 2000). Species diversity and species 

richness were higher at sites S3, S6 and S5 in comparison to sites S4, S2 and S1. This may be because 

of many tributaries in the middle and lower stretches than the upper stretches. The analysis of the 

trophic structure of fish diversity during the period of investigation indicates dominancy of 

omnivorous fishes in all sites followed by carnivorous, herbivorous and planktivorous fish. The 

variations in the habitat attributes like Water Temperature, pH, DO, FCO2, etc., across different sites 
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was attributed to differences in habitat degradation which might be responsible for variation of fish 

species diversity and their distribution in the river ecosystem. 

The Shannon–Wiener diversity index (3.86) has indicated high species richness of the river. 

Minimum fish diversity was recorded in S1 & S2 because both the sites are located inside the 

protected area of Manas National Park (where fishing was only allowed to the investigating team 

only for few days with prior permission). The different biodiversity indices (Rarefaction plot, 

species distribution plot, abundance plot etc.) accessed in the present study reveals diverse nature of 

fish fauna in the Manas River. The calculated values of Jaccard similarity indices showed high 

values in sites S3, S4, S5 and S6 while calculated low in sites S1 and S2 (Specht and Paller, 2004). The 

present investigation also made an observation that even 1°C rise in water temperature have direct 

impact in decreasing dissolved oxygen level. Similar observation has also been made by Sarma and 

Dutta (2009) which reported that due to 2°C to 3°C rise in annual average water temperature there 

was a decreasing trend in dissolved oxygen content from 7.5 mg l-1 to 6.5 mg l-1 in certain areas of 

the river system. This might be one of important reason for degrading the habitat ecology and 

suitability of the existing cold water fish fauna of the river ecosystem. 

The present study indicates a fairly rich and diversified distribution of plankton species in the entire 

reaches of River Manas. As there was no previous record of plankton species from the river system, 

the occurrence of 55 plankton genera just lower than the earlier records of 64 plankton species 

observed by Boruah & Biswas, 2002 from the Brahmaputra River. Plankton communities integrate 

various human and environmental inputs, thereby providing a benchmark for monitoring the 

synergistic effects of urbanization and climate change (Kunz & Richardson, 2006; Richardson & 

Kunz, 2006). Monitoring and assessment of the freshwater environment are often based on Water 

Temperature, pH, DO, BOD and Turbidity. Seasonal occurrence of plankton is directly or indirectly 

influenced by the hydrological attributes (Crossetti et al., 2007; Schagerl et al., 2009). It is in 

conformity with the present investigation where few of the hydrological parameters viz., Water 

Temperature, pH, DO and FCO2 were observed to be the key habitat features which determined the 

plankton genera distribution in the studied sites. 

Biswas & Boruah (2000) reported that the plankton population in the rivers of Northeast, India 

invariably increased during March–April and steadily declined during monsoon months. But in the 

present study, maximum plankton abundance was observed during September-November (retreating 

monsoon with 28.71 %) and minimum in the monsoon season (22.53 %) as stated by Biswas & 
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Boruah (2000). The occurrence of maximum plankton abundance at sites S6, S3 and S5 as compared 

to sites S1, S2 and S4 might be resulted due to fast water current. According to Oritz & Cambra 

(2007) phytoplankton community is generally dominated by members of Bacillariophyceae perhaps 

because of their capability of utilizing the nutrients. In the present investigation, Chlorophyceae > 

Bacillariophyceae were observed the most dominant group; followed by Desmidiaceae > 

Cyanophyceae as the sub-dominant group. Oedigoniophyceae and Phaeophyceae exhibited low 

density (Negi & Rajput, 2011; Hamaidi-Chergui et al., 2013; Malhotra et al., 2014). Similarly, 

among the zooplankton genera; Copepoda > Cladocera were observed most dominant group and 

Rotifera > Protozoa was observed the sub-dominant group (Sharma & Sharma, 2012). 

Water Temperature is considered as an immensely important factor, which has key role in 

biochemical interactions (Gangwar et al., 2012, Senthilkumar & Sivakumar, 2008). Estimated water 

temperature of the present study was 22.0°C with ± 0.89 SD which has considered as moderate for 

the growth of plankton species (Boruah & Biswas, 2002). Higher phytoplankton production in 

retreating monsoon season might have attributed to the raising temperature which was well 

documented by Fogg (1991) and Alam et al. (2001). In addition to more favorable conditions in 

retreating monsoon season was influx of nutrients which has also supported by estimated pH value 

(7.55-8.05) might be the factor for blooming of both phytoplankton and zooplankton biomass where 

pH is a regulating factor affect on nutrients uptake processes and on the equilibrium of nutrients 

(Peterson et al., 1984). Specific pH affects  the  chemical  reaction  in  aquatic  bodies  and  thus 

rewarded  as  crucial  factor  in  riverine ecosystem (Wang et al., 2002). 

The abundance for the larger zooplankton species viz., copepods and cladocera community in the 

present study may be attributed due to favorable conditions such as moderate light penetration and/ 

or presence of planktivorous fishes (Wetzel, 1983; Arcifa et al., 1986). The other zooplankton group, 

such as rotifers and protozoa were also observed less abundant in all the study sites. Zooplankton 

can be widely used as indicators to monitor and assess various forms of pollution including 

acidification, pesticide pollution and algal toxins. Dissolved oxygen concentrations of 5.0 mg l-1 or 

more are acceptable for most aquatic organisms (Stickney, 2000). Lower values of DO in winter 

season might have reduced the rate of photosynthesis and this could be reason for low phytoplankton 

production recorded during the present study in monsoon season (Moulood et al., 1978). BOD is 

often used as a measurement of pollutants in natural and waste waters and to assess the strength of 

waste, such as sewage and industrial effluent waters (Zeb et al., 2011). BOD, therefore, is an 
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important parameter of water indicating the health scenario of freshwater bodies (Bhatti & Latif, 

2011). 

The levels of hardness of the entire stretches of River Manas were estimated within permissible 

limit. Hard and alkaline water may be attributed to high planktonic growth to some extent (Sujitha et 

al., 2011). According to Baruah et al. (1993), total Hardness of water is not a pollution parameter, 

but indicates water quality mainly in terms of Ca2+ and Mg2+. Total alkalinity of water is due to the 

presence of mineral salts present in it. It was primarily caused by the carbonate and bicarbonate ions. 

High alkalinity can be attributed to the rise in temperature and high plankton growth (Sujitha et al., 

2011) which also coincides with the concentration of nutrients and bicarbonates in particular. 

Thresh et al. (1994) in his study had made an observation on the value of Chloride of freshwater 

ecosystem. Peres-Neto (2004) also reported that species occurrence is directly related with abiotic 

factor than species interaction. Change in the pH value caused some of the solutes to precipitate or 

affect the solubility of the suspended matters (Bellingham, 2012). Salinity and pH are additional 

environmental factors that may have some effect on algal growth in fresh waters.  

Similarly, the turbidity value observed in the present study was well within the permissible limits as 

prescribed by WHO (Murhekar, 2011). Turbidity or suspended particulate matter is a major factor 

influencing the underwater light availability of many inland waters. It has clear from the Biplot 

graph that Water Temperature, pH, DO and Chloride remains highly ideal for the physiological 

activities of all the aquatic organisms of the upper river basin (Boruah & Biswas, 2002). Individual 

abiotic factors depicted much limited influence on richness and abundance of plankton genera, but 

PCA indicated higher cumulative influence. 

The reason for low plankton species richness at sites S1, S2 and S4 might be due to effects of fast 

water currents, moderate sedimentation rate and pebbles bedded water surface (Toman, 2009; Suthar 

et al., 2010). Plankton population and their distribution are greatly affected by physical and chemical 

properties of water (Sharma and Diwan, 1997). The study indicates that the habitat aspect of 

plankton species in the studied sites at the present moment has a low anthropogenic and industrial 

load. Hence, regular and constant monitoring of this water bodies is vital to ensure that the water 

quality characteristics of the river system remain suitable for the growth and well being of the 

plankton diversity. Among all the recorded plankton species, the entire stretches of the River Manas 

was dominated by Spirogyra sp. (Chlorophyceae) with 4.12 % R.A., followed by Daphnia sp. 

(Cladocera) with 3.84 % R.A., Oedogonium sp. (Oedigoniophyceae) with 3.69 % R.A., respectively.  
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Correspondence analyses of abundance data for recorded plankton species during the period of study 

revealed that pH, water temperature, alkalinity, turbidity and chloride accounted for more of the 

annual variation in both phytoplankton and zooplankton structure than did the salinity and hardness. 

pH, water temperature and turbidity was expressed on the primary PCA axis in all seasons. Gosselain 

et al. (1994) concluded that increased in water temperature promote development of chlorophytes in 

large, eutrophic rivers (Europe) and the progressive dominance (in cell density) of this group over 

diatoms.  

The present investigation also recorded the different fishing crafts and gear operated in the river 

system. The study reveals that only one type of fishing craft namely the plank boat and nine different 

types of gears are prevailing for commercial uses in the entire stretches of the river. The topography 

of the water body and behaviour of fishes play a dominant role on the type of fishing gear used in the 

process of fishing (George, 1971). 

It is evident from the study that the gill nets, Langi jal, Phansi jal along with the cast net and Ber jal 

are most extensively used in the fishing processes in the river system. However, since fishing with 

these gears is banned from 1st May to July 15th, vide The Assam Fishery Rules, 1953 (Phukan, 

2001), therefore, use of these fishing gears is limited to pre monsoon, retreating monsoon and winter 

only. The specified banned period falls within the monsoon season and more particularly, most of 

the fish species breed during this monsoon period. In the present study, it was also observed that the 

cast net and Khewali jal are being employed throughout the year in all the sampling sites located in 

the downstream unlike other gears and thus, show a distinct seasonal pattern. These two gears are 

generally operated in the shallow depth areas of the Manas River mostly in the sampling sites, B4 

and B5. 

The only scooping gear observed during the study period is the Dheki jal or Khora jal. This gear is 

also used all throughout the year except for stormy weather. This finding is supported by the 

findings of Chakravartty and Sharma (2013). In addition to these different types of nets, fishing 

gears like hooks and lines (Nal barshi and Sip barshi) are also observed to be used throughout the 

entire stretch of the Manas River. With the help of this gear, fishes with high quality and commercial 

value are caught. It was also observed that only one type of fishing trap namely Chepa has been 

found to be in operation. Traps are unique of their own as they are designated and fabricated taking 

into consideration the area, location and behaviour of the fishes. They are found to have economic 

and energy related advantages over active search and capture method (Mohan Rajan, 1993). 
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Thus, the study shows seasonal variation in the usages of fishing gears in the river system. It was 

also observed that few of the fishing gears were used only during the winter season when the water 

level is receding, whereas most of the common gears were used during the rainy season when the 

water level rises. This finding also agrees with the work of Reed et al. (1967) who made similar 

observation.  

Specific habitat requirements of aquatic organisms may be characterized by many factors, including 

water depth, flow velocity, temperature and substrate. Natural flow regimes and hydrological 

variability (quantity, timing and duration of flows and floods) are considered essential for 

maintaining biodiversity and fisheries of any seasonal river systems (Poff et al. 1997). It was also 

evident in the present study that due to various ongoing natural (flood, erosion, etc.) and other 

anthropogenic threats in the river system, the annual catching percentage of both plain water as well 

as coldwater fishes has been reducing drastically. Maintaining this annual flood pulse and the 

variable patterns of flows (erratic flow regimes) should be the first priority in water management of 

the Manas River system. Mitigation measures should include the restoration of hydrological and 

sediment dynamics, riparian vegetation, river habitat diversity and floodplain connectivity (Tockner 

and Stanford 2002). The practice of unscientific and overfishing in many parts of the river which 

caused few fish species of the river to be in endangered category should be checked at the earliest. 

Conclusion 

From the study, it can be summarized that Manas River still provide suitable habitat for rich aquatic 

species though the rivers are subjected to varied pressures (both anthropogenic and natural). 

Therefore, for conservation and management issues of the existing fish species (both plain and hills 

stream), diversified strategies is the prime need of the hour. These strategies may include halting of 

siltation, open cast sand mining, scientific fishing and control of water pollution. The harnessing, 

development and management of Manas River and its natural resources would contribute not only to 

economic development for rural society of the region, but also balancing of ecological integrity of 

the river system.  

The fishing activities operating in the river system follow seasonal pattern. The pre-monsoon, 

retreating monsoon and winter are the main fishing seasons in the river system and almost all the 

crafts and gears were used during these periods. Diversification of the river channel and traditional 
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fishing by hand picking are the common methods that are usually practiced by the fishermen as well 

as the local people of the region. 

Habitat restoration and development of sustainable management policy for comprehensive 

ecosystem based fisheries approach ensuring improved understanding and prediction of the linkages 

between fishes and their habitat, placement and characteristics with food web dynamics. This 

investigation will be helpful for restoration of habitat for ecological balance and development of 

management practices for aquatic habitat of Manas River in Assam. It will also serve as a base line 

data for other researchers and students in their future research, and environment activist in 

conserving the ecosystem. Fish and Fisheries development and its restoration will also strengthen 

nutritional, livelihood security and socio-economic condition of the fisher’s community in particular 

and rural mass in general in Assam. Thus, more research is required to understand basin-wide threat 

mechanisms, interactions and scales of response. More investment is also required in monitoring and 

evaluation of the river ecosystem to determine the success of such efforts. 
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Table 1. Mean physico-chemical variables of Manas River (2012-2015) 
Sl. 
No. 

Variables S1 S2 S3 S4 S5 S6 
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

1 Water Temp. 
(°C) 

20.75 ± 2.99 22.0 ± 3.37 21.5 ± 3.32 22.0 ± 3.16 22.75 ± 2.87 23.25 ± 3.77 

2 pH 7.76 ± 0.84 7.55 ± 0.65 7.78 ± 0.35 7.86 ± 0.27 8.0 ± 0.42 8.05 ± 0.41 

3 FCO2 (mg l-1) 6.6 ± 1.80 4.4 ± 2.11 4.4 ± 1.65 8.8 ± 3.11 4.4 ± 1.27 6.6 ± 2.77 

4 DO (mg l-1) 8.77 ± 0.58 9.2 ± 0.57 8.4 ± 0.41 9.4 ± 0.96 9.1 ± 1.60 9.5 ± 0.26 

5 Hardness  
(mg l-1) 

86.25 ± 13.48 78.75 ± 9.64 105.5 ± 54.04 128.25 ± 54.84 152.75 ± 84.31 169.5 ± 70.74 

6 Alkalinity 
 (mg l-1) 

140 ± 50.66 158.75 ± 47.68 140 ± 29.72 171.25 ± 31.98 177.5 ± 47.35 186.25 ± 
40.29 

7 Chloride  
(mg l-1) 

15.64 ± 3.23 14.42 ± 4.20 15.27 ± 4.63 15.4 ± 3.06 20.15 ± 2.14 21.65 ± 2.32 

8 Turbidity  
(NTU) 

20.92 ± 10.84 20.39 ± 11.03 22.59 ± 12.20 30.61 ± 14.66 22.45 ± 14.93 26.73 ± 12.69 

9 TDS (ppm) 38.98 ± 20.59 45.38 ± 17.20 41.4 ± 17.83 49.43 ± 15.56 62.63 ± 10.94 83.73 ± 8.45 

10 Conductivity 
(mhos cm-1) 

46.25 ± 18.53 44.1 ± 13.62 46.08 ± 18.53 48.8 ± 13.64 49.6 ± 14.78 50.6 ± 12.86 

 

Table 2. Correlation coefficient matrix between different physico-chemical parameters in Manas River 
Parameters Water 

Temp. 
pH FCO2 DO Hardne

ss 
Alkalinit

y 
Chloride Cond. TDS Salinity Turbidit

y 
Water 
Temp. 

1 0.014 0.360 0.164 0.265 0.312 0.175 -0.500 -0.495 0.131 -0.043 

pH  1 0.406 0.128 0.088 -0.203 -0.391 0.256 0.163 -0.655 0.724 
FCO2  1 0.427 0.375 0.101 0.093 0.076 0.043 -0.251 0.291 
DO  1 0.203 -0.054 0.248 0.194 0.177 -0.042 -0.041 
Hardness  1 0.690 0.456 -0.063 -0.069 0.136 0.080 
Alkalinity  1 0.434 -0.369 -0.373 0.098 -0.282 
Chloride  1 -0.062 -0.034 0.371 -0.283 
Cond.  1 0.992 -0.295 0.294 
TDS  1 -0.190 0.220 
Salinity  1 -0.401 
Turbidity  1 
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Table 3. Fish faunal diversity of River Manas (2012 – 2015) with IUCN status, 2016 (ver. 3.1) 

Sl. 
No. 

Scientific Names Family IUCN 
Status, 
2016.2 
(ver. 
3.1) 

Relative Adundance (R.A.) in % 
S1 S2 S3 S4 S5 S6 

1 Acantopsis multistigmatus Cobitidae NT 0.05 0.00 0.05 0.00 0.00 0.00 
2 Ailia coila Schilbeidae NT 0.00 0.00 0.36 0.05 0.00 0.10 
3 Amblypharyngodon mola Cyprinidae LC 0.00 0.05 5.76 0.67 0.57 1.60 
4 Anabas testudineus Anabantidae DD 0.05 0.00 0.10 0.36 0.31 0.36 
5 Aplocheilus panchax Aplocheilidae LC 0.05 0.00 0.00 0.00 0.05 0.00 
6 Badis badis Badidae LC 0.00 0.00 0.36 0.00 0.46 0.21 
7 Balitora eddsi Balitoridae LC 0.00 0.10 0.00 0.00 0.00 0.00 
8 Barilius bendelisis Cyprinidae LC 0.00 0.21 0.51 0.00 0.00 0.00 
9 Barilius shacra Cyprinidae LC 0.05 0.05 2.16 0.00 0.00 0.00 

10 Barilius vagra Cyprinidae LC 0.00 0.00 0.05 0.00 0.00 0.00 
11 Batasio tengana Bagridae LC 0.00 0.00 1.29 0.15 0.00 0.05 
12 Botia almorhae Cobitidae LC 0.00 0.00 0.05 0.00 0.00 0.00 
13 Botia dario Cobitidae LC 0.05 0.05 0.05 0.00 0.05 0.46 
14 Cabdio morar Cyprinidae LC 0.26 0.31 3.19 0.77 0.31 0.46 
15 Cantophrys gongota Cobitidae NA 0.00 0.00 0.10 0.00 0.05 0.00 
16 Chaca chaca Chacidae LC 0.05 0.00 0.05 0.00 0.05 0.00 
17 Chagunius nicholsi Cyprinidae LC 0.10 0.00 0.05 0.10 0.05 0.00 
18 Chanda nama Ambassidae LC 0.00 0.26 0.77 0.31 0.77 0.41 
19 Channa gachua Channidae LC 0.00 0.10 0.05 0.36 0.31 0.36 
20 Channa punctata Channidae LC 0.00 0.00 0.41 0.10 0.26 0.36 
21 Channa stewartti Channidae LC 0.05 0.05 0.00 0.00 0.10 0.00 
22 Channa striata Channidae LC 0.00 0.00 0.21 0.00 0.10 0.00 
23 Cirrhinus reba Cyprinidae LC 0.05 0.00 0.21 0.05 0.00 0.26 
24 Clarias magur Clariidae EN 0.00 0.00 0.00 0.00 0.21 0.00 
25 Ctenopharyngodon idella Cyprinidae NA 0.00 0.00 0.05 0.00 0.00 0.00 
26 Cyprinus carpio Cyprinidae VU 0.00 0.05 0.00 0.00 0.00 0.00 
27 Danio rerio Cyprinidae LC 0.05 0.00 0.31 0.00 0.05 0.00 
28 Devario aequipinnatus Cyprinidae LC 0.10 0.00 1.80 0.00 0.00 2.11 
29 Devario assamensis Cyprinidae VU 0.00 0.00 0.82 0.00 0.15 0.00 
30 Devario devario Cyprinidae LC 0.00 0.00 0.10 0.00 0.00 0.10 
31 Esomus danrica Cyprinidae LC 0.10 0.00 2.47 0.05 1.44 4.37 
32 Eutropichthys murius Schilbeidae LC 0.00 0.00 0.05 0.05 0.00 0.00 
33 Eutropichthys vacha Schilbeidae LC 0.05 0.00 0.05 0.00 0.00 0.00 
34 Gagata cenia Sisoridae LC 0.00 0.05 2.57 0.05 0.00 0.00 
35 Garra gotyla Cyprinidae LC 0.10 0.00 0.21 0.00 0.00 0.00 
36 Garra kempi Cyprinidae LC 0.00 0.00 0.15 0.00 0.00 0.00 



 

34 
 

37 Garra lamta Cyprinidae LC 0.10 0.10 0.00 0.00 0.00 0.00 
38 Gibelion catla Cyprinidae LC 0.00 0.00 0.00 0.10 0.10 0.10 
39 Glossogobius giuris Gobiidae LC 0.00 0.10 1.03 0.00 0.20 0.15 
40 Glyptothorax botius Sisoridae LC 0.00 0.00 0.10 0.00 0.00 0.00 
41 Glyptothorax cavia Sisoridae LC 0.10 0.00 0.21 0.00 0.00 0.05 
42 Glyptothorax indicus Sisoridae LC 0.10 0.15 0.21 0.00 0.00 0.00 
43 Glyptothorax telchitta Sisoridae LC 0.05 0.05 0.36 0.00 0.00 0.00 
44 Gonorhynchus latius Cyprinidae LC 0.00 0.26 0.67 0.05 0.05 0.31 
45 Gudusia chapra Clupeidae LC 0.00 0.00 0.00 0.05 0.00 0.00 
46 Hara hara Erethistidae LC 0.05 0.05 0.15 0.00 0.00 0.00 
47 Heteropneustes fossilis Heteropneustidae LC 0.05 0.00 0.00 0.00 0.36 0.15 
48 Hypostomus plecostomus Loricariidae NA 0.00 0.00 0.00 0.00 0.10 0.00 
49 Johnius coitor Sciaenidae LC 0.00 0.00 0.00 0.00 0.00 0.05 
50 Labeo bata Cyprinidae LC 0.00 0.00 0.05 0.00 0.00 0.05 
51 Labeo calbasu Cyprinidae LC 0.00 0.00 0.00 0.00 0.10 0.31 
52 Labeo dyocheilus Cyprinidae LC 0.05 0.05 0.00 0.00 0.00 0.00 
53 Laubuca laubuca Cyprinidae LC 0.00 0.00 0.05 0.05 0.00 0.05 
54 Leiodon cutcutia Tetraodontidae LC 0.05 0.00 0.21 0.15 0.00 0.15 
55 Lepidocephalichthys 

goalparensis 
Cobitidae LC 0.00 0.00 0.21 0.05 0.62 0.00 

56 Lepidocephalichthys guntea Cobitidae LC 0.10 0.05 0.62 0.10 0.72 0.15 
57 Macrognathus aral Mastacembelidae LC 0.05 0.00 0.21 0.00 0.41 0.00 
58 Macrognathus pancalus Mastacembelidae LC 0.10 0.00 0.51 0.05 0.51 0.41 
59 Mastacembelus armatus Mastacembelidae LC 0.00 0.00 0.31 0.00 0.05 0.05 
60 Monopterus cuchia Synbranchidae LC 0.00 0.00 0.00 0.00 0.10 0.00 
61 Mystus cavasius Bagridae LC 0.00 0.00 0.36 0.21 0.05 0.31 
62 Mystus tengara Bagridae LC 0.10 0.00 0.77 0.31 1.44 0.21 
63 Mystus bleekeri Bagridae LC 0.10 0.05 0.05 0.26 0.26 0.21 
64 Nandus nandus Nandidae LC 0.00 0.00 0.41 0.00 0.10 0.15 
65 Neolissochilus hexagonolepis Cyprinidae LC 0.00 0.00 0.00 0.00 0.05 0.00 
66 Notopterus notopterus Notopteridae LC 0.00 0.00 0.00 0.00 0.21 0.00 
67 Olyra kempi Olyridae LC 0.00 0.21 0.05 0.00 0.00 0.00 
68 Ompok pabda Siluridae NT 0.10 0.00 0.00 0.00 0.00 0.05 
69 Opsarius barna Cyprinidae LC 0.05 0.15 0.00 0.10 0.05 0.00 
70 Opsarius tileo Cyprinidae LC 0.00 0.15 0.00 0.21 0.10 0.00 
71 Oreochromis mossambicus Cichlidae NT 0.10 0.05 0.00 0.00 0.05 2.57 
72 Osteobrama cotio Cyprinidae LC 0.00 0.00 0.10 0.05 0.00 0.05 
73 Pachypterus atherinoides Schilbeidae LC 0.10 0.00 0.67 0.00 0.00 0.41 
74 Paracanthocobitis botia Nemacheilidae LC 0.05 0.15 0.93 0.00 0.05 0.10 
75 Parambassis lala Ambassidae NT 0.00 0.00 0.31 0.00 0.21 0.62 
76 Parambassis ranga Ambassidae LC 0.00 0.00 1.96 0.10 0.51 0.67 
77 Pethia conchonius Cyprinidae LC 0.10 0.10 0.31 0.00 0.00 0.05 
78 Pethia ticto Cyprinidae LC 0.05 0.05 0.15 0.10 0.15 0.26 
79 Pseudolaguvia foveolata Erethistidae DD 0.05 0.10 0.00 0.10 0.00 0.00 
80 Psilorhynchus sucatio Psilorhynchidae LC 0.00 0.10 0.05 0.05 0.00 0.00 
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81 Puntius chola Cyprinidae LC 0.10 0.21 0.57 0.67 0.93 0.87 
82 Puntius sophore Cyprinidae LC 0.20 0.36 1.80 0.52 1.18 4.12 
83 Pygocentrus nattereri Serrasalmidae NA 0.00 0.00 0.00 0.00 0.05 0.00 
84 Raiamas bola Cyprinidae LC 0.00 0.00 0.21 0.00 0.15 0.10 
85 Rhinomugil corsula Mugilidae LC 0.00 0.00 0.36 0.00 0.00 0.00 
86 Salmostoma bacaila Cyprinidae LC 0.00 0.00 0.15 0.00 0.00 0.10 
87 Salmophasia phulo Cyprinidae LC 0.00 0.00 1.90 0.10 0.98 0.57 
88 Schistura fasciata Balitoridae NA 0.05 0.05 0.10 0.05 0.00 0.00 
89 Schizothorax labiatus Cyprinidae NA 0.05 0.10 0.21 0.00 0.00 0.00 
90 Schizothorax richardsonii Cyprinidae VU 0.05 0.15 0.05 0.15 0.00 0.00 
91 Semiplotus semiplotus Cyprinidae NA 0.10 0.05 0.10 0.00 0.05 0.00 
92 Setipnna phasa Engraulidae LC 0.00 0.00 0.10 0.00 0.05 0.15 
93 Systomus sarana Cyprinidae LC 0.00 0.05 0.00 0.00 0.00 0.00 
94 Tor putitora Cyprinidae EN 0.00 0.15 0.15 0.00 0.00 0.00 
95 Tor tor Cyprinidae NT 0.00 0.21 0.05 0.00 0.00 0.05 
96 Trichogaster fasciata Osphronemidae LC 0.15 0.21 0.93 0.21 0.41 0.93 
97 Trichogaster labiosus Osphronemidae LC 0.00 0.00 0.00 0.00 0.26 0.00 
98 Xenentodon cancila Belonidae LC 0.05 0.00 0.31 0.00 0.21 0.15 

Abbreviation: R.A., Relative Abundance; EN, Endangered; VU, Vulnerable; LC, Least Concern; NT, Near Threatened; NA, 
Not Accessed and DD, Data Deficient. 
 

Table 4. Description of fish diversity observed in the Manas River during each season 

Season Mean 
Individuals 

Variance SD SE Total 
Individual

s 

Total 
Species 

Max. Mean 
CI 

Pre-Monsoon 4.84 99.42 ± 9.97 0.96 523 50 61 18.75 
Monsoon 2.85 40.43 ± 6.36 0.61 308 54 37 7.62 
Retreating-Monsoon  8.72 470.26 ± 21.69 2.09 942 84 138 88.69 
Winter 2.95 16.36 ± 4.05 0.39 319 76 20 3.09 
Note: SD - Standard deviation; SE - Standard Error; Max. - Maximum; Mean CI - Mean confidence interval  
  
Table 5. Correlation between Fish Diversity and few important Physico-chemicals attributes of Manas 
River 

Parameters Seasons 
Winter Pre-Monsoon Monsoon Retreating-Monsoon 

pH 0.61 0.53 0.43 0.48 
DO 0.28 0.56 0.47 0.53 

Alkalinity 0.30 0.34 0.51 0.46 
Turbidity 0.49 0.65 0.69 0.33 
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Table 6. Distribution, size, major target species and seasons of operation of various fishing gears used in 
Manas River 
Category Name of 

gear 
Gear description Major target species Seasons of operation of 

fishing gears 

Fishing 
without 

gear 

Hand - Barilius sp., Olyra kempi, 
Acanthocobitis botia , 
Salmostoma bacaila 

Winter 

Encircling 
gears 

Khewali 
Jal 

4-6 m in length and 
6-15 mm mesh size 

Cabdio morar, Puntius 
sp., Esomus danricus, 
Glossogobius giuris, 

Devario sp. 

All seasons 

Ber Jal Based on the size of 
the water body, 
mesh size 30-50 

mm 

Labeo sp., Cirrhinus sp., 
Mystus sp.and  Channa 

sp. 

Pre monsoon, retreating 
monsoon and winter 

Entangling 
gears 

Langi Jal Length 10-100 m, 
breadth 0.4-1.4 m, 
mesh size 8-60 mm 

Anabus testudineus, 
Aoricthys aor, Channa sp. 

and Puntius sp. 

Pre monsoon, retreating 
monsoon and winter 

Phansi Jal Length 100-200 ft 
breadth 3-9 ft, mesh 

size 10-70 mm 

Tor putitora, Schizothorax 
sp., Labeo pangusia and 

Labeo dyocheilus. 

Pre monsoon, retreating 
monsoon and winter 

Khot- 
khoti Jal 

Burnt clay, stones 
and animal bones 

Schizothorax sp. Tor sp. 
and Neolissocheilus 

hexagonolepis. 

Pre monsoon 

Scooping 
gear 

Dheki Jal Length 20-25 ft, 
mesh size 5-8 cm. 

Major carps Premonsoon, retreating 
monsoon and winter 

Hooks and 
Lines 

Nal barasi Length 1-1.5 m Channa sp. Gibelion catla 
Labeo pangusia, Anabus 

testudineus 

 

Sip barasi Length 5-6 m Mystus sp. and Clarius sp.  
Traps Chepa Length 0.9-15 m Minor group of fishes like 

Acanthocobitis botia, and  
Puntius sp. 

Pre monsoon 
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Fig. 1. Map showing the study sites of Manas River 
 

 

 

 

Fig. 2. Family wise percentage of collected fish species of Manas River 
 



 

38 
 

Pre-Monsoon Monsoon Retreating-Monsoon Winter

E
xp

e
ct

e
d

 S
(n

)

Sample size

0

20

40

60

80

100

0 200 400 600 800 1000

 

Fig. 3. Rarefaction curves for each season, where X axis shows individual actually sampled and Y axis 
shows the estimation of the expected number of species in the Manas River, Assam 
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Fig. 4. Species distribution plot for whole fish community sampled in the Manas River 
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Fig. 5. Abundance plot (Rank) of fish diversity sampled in four seasons in Manas River 
 

 

 

 
 

Fig. 6. Dendogram showing similarity in species composition across six sampling stations of Manas 
River 
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Fig. 7. Species richness in each season with number of unique fish species sampled from Manas River 

 

 

 

Fig. 8. Plankton diversity of Manas River system 
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ANNEXURE – I A 

Photographs of IUCN (2016) threat category fish species of Manas River System 

       

                             Ailia coila                                                          Neolissochilus hexagonolepis 

       

                      Devario assamensis                                                          Ompok pabda 

       

                 Oreochromis mossambicus                                                 Parambassis lala 

       

                  Schizothorax richardsonii                                                      Tor putitora 

 

Tor tor 
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ANNEXURE – I B 

Photographs of Available fish species of Manas River System 

 

            

                             Ailia coila                                                             Aplocheilus panchax 

        

                       Barilius bendelisis                                                               Botia dario 

            

                       Chagunius chagunio                                                     Channa gachua 

       

                         Channa striata                                                        Devario aequipinnatus 
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                        Esomus danrica                                                       Eutropichthys vacha 

       

                         Gagata cenia                                                            Glyptothorax telchitta 

 

       

                         Johnius coitor                                                               Labeo dyocheilus 

        

                  Pachypterus atherinoides                                                Pseaudolaguvia foveolata 

                                                                                       

                     Psilorhynchus sucatio                                                       Puntius sophore 
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                      Salmostoma phulo                                                      Semiplotus semiplotus 
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ANNEXURE – II 

Photographs of some recorded plankton species from Manas River system 

 

       
                               Brachionus sp.                                                         Cosmarium sp.  
 
  

      
                             Desmidium sp.                                                              Euastrum sp.   

 

      

                               Keratella sp.                                                              Micrasterias sp. 
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                             Microspora sp.                                                          Paramecium sp.  

 

      

                             Polyarthra sp.                                                            Spirogyra sp. 
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ANNEXURE – III 

Photographs of fishing gears used in Manas River System 

 

       

                        Different size hooks                                                     Khewali jal                                                                    
 

       

                              Phansi jal                                                                   Langi jal                                                            
 

       

                              Gill nets                                                                         Sip jal                                                            
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                                Nal barshi                                                                  Seppa 

 

                                                                                          

 

 

 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


