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Summary
The Holy Ganga has a total length of 2525 kilomeigesot only the sacred river also

most populated river basin in India. The drainage area of Ganga River is 8,B&Z&Bich

covers nearly 26% of geographic area ofdbentry. The river supports a rich biodiversity on

which thousands of people dependtheir livelihood. Buthmrecent past, rapid ecological

degradation caused by several factors in the river basin isvebddsend declining of fish

production and productivitiiasbecome a major concerfiwenty sampling sites along river

Ganga covering a total distance of 2525 km were selectepifoterly fieldsamplings

Exploratory Survey of River Ganga for identification of suitable sampling sites

Study area along river Ganga

T

Twenty sampling sites along river Ganga namely Harsil, Tehri, HaridBigror, Narora,
Farrukhabad, KanpuRrayagraj Varanasi, Buxar, Patna, Bhagalpur, Faraklengipur,
BerhamporeBalagarh,Tribeni, Godakhali, Diamond Harbour and Fraserganj covering a
total distance of 2525 km were selected. The sites selected were almost equidistant.
However, two more stations viz. Tribeni and Jangipur were also sampled from time to

time due toleir importance from fisheries perspective.

Assessment oFish and Fisheries of the Ganga River

Fish speciesichness abundance and distributian Ganga River

T

A total of 190 fish species (182 native and 8 exotics) distributed among 133 genera, 62
families and 23 ordersvere recordedduring the entire study period from Harshil to
FraserganjOf these Cyprinidae was found to be the most species rich (28 spp., 14.28%)
family, followed by Danionidae (19 spp., 9.69%), Sisoridae (10 spp., 5.10%) and
Bagridae (9 spp., 4.59%) respectively.

In the present studyhie highest number of fish species (107 ah&&ch)were recorded at
Bijnor and Narora followed by Farakka (87), Prayagraj (85), Kanpur (83) whereas,
Diamond Harbour and Godakhali recorded the least number of fish species (38 and 33
respectively).

Carps were the most well represented and commigraigportantgroupfound in all the
freshwaterstretchesof the river. Cypriniformes is themost dominanbrder, contributing

29% of the total fish speciesversity.

Catfishes (Siluriformes) ithe second (22%) mostominantgroup observed among the

total fish group



1 Commercially important food fishes shared 60.84% whereas ornamental fish and sport
fishes shared 35.44% and 3.786pectively of the total fish diversity in the river.

1 Around 15.26% of the fislspeciesfoundnthe river are cosmopolitan in distribution
inhabiting freshwater, brackishwater and marine water. Only 18.94% dicthspecies
belong purely to the brackishwatend 10% of the fish fauna are thehabitant of both
freshwater and brackishwater.

Threaened fishes river Ganga

In the present study, of the total fish species reported, 10% are categorized as threatened

species according [IUCN Red List (2020) (15 species as Near Threatened, 2 as Vulnerable and

2 as Endangered). About 73.68% (140) the wdrspecies are under Least Concerned

category which can be comprehensively exploited for fishery.

Abundance oExotic fishesn river Ganga

Eight different exotic fish species vigtenopharyngodon idelladypophthalmicthys molitrix

Hypophthalmicthysiobilis, Cyprinus carpiovar. communisCyprinus carpiovar. specularis

Oreochromis niloticusClarias gariepinusand Pterygopliicthys disjunctivuare found in the

freshwater zone of the river contributing about 3.74% to the total fish diversity. Arheng t

exotics, both common carp and tilapia are ubiquitous along upper and middle stetch of river

Ganga. The relative abundance of common carp (44.31 %)Qaadchromis nloticus

(30.15%) were in agreement with the report of Sarkar et al. 2012 from thestrdich.The

upper stretch (HarsilHaridwar) was found dominated yyprinus carpiovar. communis

(19.59 %) and Cyprinus carpiovar. specularis (13.61%).The middle stretch (Haridwar

Varanasi) was recorded with highest abundand@ypirinus carpiovar. communig1.46%),

Oreochromis nloticu$2.01 %) andClarias gariepinus(0.37 %) respectively. Abundance of

other exotics like Ctenopharyngodon idellaHypophthalmicthysnolitrix, H. nobilis was

found below 0.10 %Sites like Kanpur, Prayagraj and Varamasulted inhigh abundance of

common carp (7.31%16.49% 4.95%) and tilapia (6.64%.36%4.59%). Dominance of

Cyprinus carpiovar. communig7.68%) andOreochromis roticus (9.41 %) was noticed at

Buxar only in the lower stretch. Availability of other exotic species was noticed sporadically

below Bhagalpur to Tribeni stretch of River Ganga.The distribution pattern of exotic fish

species in the river denotes th@t, carpig was found omnipresent in ten sampling sites
depictingsizeable distribution along the local level.

1 Abundance of indigenous fish species like Gangetic carp and catfishes are rapidly

declining at the cost of exotics.



Catch Trends and Production

T

The native Gangfic Carps or Indian Major Carps which was the major contributor in the
Ganga River fisheryhave been foundeduced to a large extent during the study. This
study revealed that total catch (freshwater fish catch) from river Ganga has increased
from 3796.5 t (201819) to 4263.55 t (20220). Maximum fish catch in the river was
recorded from the middle stretch (from Prayagraj to Farraka) contributing about 47.5% of
total fish catch in 20120.

Fishing gears and their sustainable issues

T

Existing fishing gars are being modified by the fisherman to exploit maximum fisheries
resource,due to which many traditional fishing gears are going into oblivion. Many
unsustainabléishing gears of destructive nature especially the zero or small mesh sized
gears areammon in this river. Common fishing gears like bag Bstefiti jaa), Set
barrier Chaurpata jaa), Shore seineBer/chat jaa), etc. should be controlled or banned

with suitable alternative livelihood measures to the associated fishers.

Stock Assessmendf Selected Fish Species

l

The present study indicated thiat rohita showed positive allometric growth pattern
throughout the period. As per Gulland (1971), the level of exploitaBpavés found to

be much below from the exploited levédof= 0.5) though thecontinuous recruitment
pattern was observed with two major peaks in May (28.98%) and October (18.25%) in the
study period.

L. catla indicated isometric growth pattern during the study period. Continuous
recruitment pattern was observet E. catlafrom river Ganga with two major peaks in
July (20.08%) and August (20.72%). The exploitation rate for the species was observed to
be at optimum level from the river.

C. mrigala indicated positive allometric growth pattern during the presendystu
Continuous recruitment pattern was observed with two major peaks in July (12.30%) and
August (19.60%). The exploitation rate suggests @atrigala was exploited slightly
higher than the biological optimum level.

L. calbasuindicated somewhat isomgtrgrowth pattern during the study. Continuous
recruitment pattern was observed all over the year with two major peaks in July and
August. A much higher exploitation rate of E= 0.71y@aras confronted in case af

calbasuindicating overexploitation ahe present stock.



Identification of migratory fishes and their range of migration

Our investigation recordthirteen migratory fish species (11 finfish and 2 shellfish) and

through theagging experiment conducted under the pro@uog, hundred IndialMajor Carps

were tagged and released in river Ganga for studying their migksbgayior

Assessment b key habitat variables in relation to fish distribution and various

biological activity o the fishes

Different Physicechemical parameters like water temperature, depth, flow transparency,

turbidity, pH, dissolved oxygen, alkalinity, calcium, magnesium, total hardness, total solid,

total dissolved solid, BOD and other important nutrient parameters anidnesed
characteristics of River Ganga were analysed.

1 Common carp abundance found positive correlation with BEXD.73) flow (p<0.67)and
total phosphatgp<0.82)which is a clear indication itherole of anthropogenic pollution
behind common carpbundancavhereasnegative correlation was found with salinity
can also be contributed to the higher abundance in monsoon when salinity is lower.

Water quality status of river Ganga

1 Average water temperature in the entire stretch of river Ganga Vaoied7.22°C to
29.52°C. During the entire sampling, the lowest water temperature (3. 2a%3)bserved
at Harshil, While the highest temperature of 36.6°C was observed at-Balkga Stretch
of the river Ganga.

1 Average depth in the entire river stretch was estimated at 6.34 m. During the study period,
lowest average depth of 0.69 m was observed at Harshil in upper hilly stretch, and
whereas the highest average depth of 13.36 m was observed at Diamond Harlois whic
a tidal zone of the river.

1 River flow in the upper stretch of the river, the highest average flow value of 1.09 m/sec
was observed at Harshil, 0.63 m/secin the middle stretch at Narora, and in the lower
stretch highest average flow of 1.09 m/sec alaserved at Tribeni.

1 Average transparency in the entire river was estimated at 43.94 cm during the study
period of 20162020. The highest average transparency value of 88.20 cm was observed
at Tehri in the upper stretch of the river. In the middle strebehhighest transparency
(52.50 cm) was recorded at Buxar and in the lower stretch the highest average
transparency (73.75 cmwyas observed at Farakka. The lowest transparency value (17
cm)in the entire stretch was observed at Diamond Harbour. Significéower

transparency was recorded during monsoon months as comparednmnsoon period.
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The turbidity in the middle and lower stretch ranged from 3.7 NTU to 523 NTU. Average
turbidity in the entire river was 99.64 NTU. Highest average turbidity vafu208.06

NTU was recorded at D. Harbour of lower stretch of river Ganga.

The observed average pH value of water in the entire river is 8.12 and ranged from 7.2 to
9.51 indicates nutral to lightly alkaline conditi through out the season. The highest
avemlge pH value of 7.9 was recorded at Narora, and the lowest pH value of 7.29 was
recorded at Farrukhabad.

The dissolved oxygen level was above 6 ppm in entire stretch of river Ganga during the
study period. The highest average dissolved oxygen value opPr@dwas observed at
Harshil in the upper stretch of the river;7.66 ppm in the middle stretch at Prayagraj, and in
the lower stretch observed highest dissolved oxygen was 6.64 ppm at Farakka.

Higher average alkalinity value of 163 ppm was recorded at BBakya stretch of the

river Ganga and highest averammpal hardnesvalue of 1095.46 ppm was recorded at
Fraserganj describe the low alkaline zone.

Salinity ranges was recordé@m 0.01 ppt to 31.79 ppin the entire river stretch. Harshil

to Tribeni g¢retch being freshwater zone, salinity ran@e&l to 0.15 ppthereas,0.19 to

2.5 ppt was found at Godakhali and Diamond Harbour stretch considered as
brackishwater zone. Highest average salinity value of 28.73 ppt was recorded at
Fraserganj as it is antasine zone of the Ganga river stretch.

Highest averagéotal dissolved solid41.40 g/l)and Total Solid value (50.62 g/l) was
recorded at Frasergamn upper & middle stretch, significant improvement was observed

at Haridwar (13.1 %), Narora (17.5%), mfaur (17.4%),Prayagraj(32.71 %) and
Varanasi (7.6 %). In lower stretch, improvement was observed at Buxar (6.9 %), Patna
(21.8 %) & Bhagalpur (27.5 %). In estuarine stretch also, improvement was observed at
Balagarh (46 %) Tribeni (44.9 %), and Godakhali (26.4 %). However, supersaturated
condition of oxygen level was obtained at Buxar, Patna, Balagarh and Tribeni (middle to
lower stretch) during prenonsoon mainly due tdicrocystis sp. (Blue green algae)
bloom formation and at Bagarh and Tribeni in winter due to bloom by the diatom,
Aulacoseiragranulata. During July 2018, a thick scumilicrocystisaerugenosabloom

was noticed first at Buxar 2245 unit/l and Bhagalpur 1012 unit/| stretch.

Genus Aulacoseirashowed higher degree of widance during winter months from
December to January causing difficulties in water treatment plant.

Highest average totphosphorusalue of 0.65 ppm was recorded at Bhagalpur.
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Highest average available nitrogen value of 1.18 ppm was recorded at Vaadasi
Highest average Total Nitrogen value of 3.6 ppm was recorded at Godakhali

Highest average B.O.D value of 3.83 ppm was recorded at Kanpur followed by Varanasi
3.6 ppm and Prayagraj 3.36 ppm due to industrial belt area indicates pollution in Kanpur
to Prayagraj stretch of river Ganga.

Higher average free carbon dioxide value was observed at upper stretches as Harshil,
Bijnor and highest of average free carbon dioxide g was recorded at Haridwar
stretch of the river Ganga.

Average specific condugity in the entire river was 5.16 mS/cm. Highest average
specific conductivityvalue of 43.12 mS/cm was recorded at Fraserdanupper and
middle stretch, significant lowering was observed at Harshil (38.16 %), Tehri (31.39 %),
Narora (36.3 %), Farrukab (32.03 %), Kanpur (32.4 %lprayagraj(31.45 %) and
Varanasi (18.33 %). In lower stretch, significant lowering was observed at Buxar (2.7 %)
and Farraka (14.3 %) showing the betterment in the health status of the river during the
study period.

Average otal chlorophyll in the middle and lower stretch ranges from 0.29 to 42.05
mg/n?. Highest averagehlorophyllcontent in river water of 16.47g/m*was recorded at
Tribeni.

Sediment Characteristics of River Ganga

T

The sediment pH in the entire stretchrigkr Gan@ ranged from 7.3 to 8.46 through out
the seasoindicates alkaline nature of sediment of Ganga river bed.hghest average

soil pH value of 8.46 was recorded at Farrukhabad.

Averagespecific conductivity of the sediment in the entire streithver Ganga ranged
from 0.14 to 5.59 mS/cnmHighest averagepecific conductivityof 5.59 mS/cmwas
recorded at Fraserganj dasigher range of specific conductivity was found at
brackishwater to estuarine zone.

Highest average available phosphorus valug &8 mg/100gvas recorded at Tehri.

The sediment available nitrogen in the entire stretch ranges from 4.9 to 12.56 mg/100g.
Highest averagavailable nitrogewalue 0f12.56 mg/100gvas recorded at Tribeni.

The Free CaCO3 of sediment in the entire stretch ranged from to 4.68 to 1Dif5&st
average Free CaCO3 valueldf.15% was recorded at Bhagalpur.

Organic carbon accumulation in sediment was noted in few locations like Bijnor (above

barrage; 1.14%) duéo partially stagnant water and estuarine zone (like Frasergan]
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1.08%) due to mangrove area. On the other hand, slightly acidic sediment pH was noticed
in hilly stretch of river Ganga during some occasions (Range 6.55 to 9.01; Average 8.02).
Sandification of river bed (>90% sand) is a matter of concern especially upper and middle
stretch of river up t@rayagrajRange 30 to 100 %; Average 76.48%)

Heavy Metal Status along Middle and Lower Stretch of River Ganga

T

Heavy metal concentration in river wategdsnent, periphyton and fish muscle were
analysed during the studyAmong the heavy metal concentrati@opperwas found
highest (0.039 mg/l) in water at Fraserganj during 22089 and same observation was
also reported in next period (202920). However, the other metal concentrations like
Zinc, Manganese, Lead and Cadmium in river water were found withinirsatfe

The average concentration of Copper found highest (34.95 mg/kg) at Bhagalpur (Bihar).
As per International Joint Commission (1982), US EPA (2002) safe limit of heavy metal
in sediment the Copper concentration at Bhagalpur showing the moderatatggaliea.

The average concentration of Chromium found highest (54.104 mg/kg) at Fraserganj
(West Bengal). As per International Joint Commission (1982), US EPA (2002) safe limit
of heavy metal in sediment, the Chromium concentration at Fraserganj shdwing t
moderately polluted area.

Heavy metal in periphytic algae were found at different stretch of river within safe limits.
Concentration of heavy metals in fish flesh IReita, M. cavassiusP. conchoniusX.
cancila, O. rubicundugound within safe limis and other 14 fish species were analysed

below detection limit.

Planktonic Status in River Ganga

T

A total of 95 genera of phytoplankton, belonging to 13 classes and 7 phyla and 36 genera
belonging to 11 classes and 4 phyla of zooplanktons were recooseéritire stretch of

River GangaPollution indicator species of Phytoplankton in River Ganga were positively
correlated with water nutrient parameters like T-dtalNitrateN, Total Phosphate and
Silicate during the study.

However, 93 genus of periphytonic group belonging to 75 genus of phytoplankton and 18

genus of zooplankton were also recorded in the present study.

Benthic status in River Ganga

T

The study also showed the availability of 69 macrobenthic species belongthgeée
different phyla Mollusca, Arthropoda, and Annelida at Ganga River stretch.
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1 Amongst the gastropoddylelanoidestuberculata belonging to the thiaridae family
records a maximum of 23,779 ind$/rat Farakka whereas species belonging to the
viviparidae family like Filopalaudina bengalensis recorded highest of 4515 ind</at
Patna. Tarebia graniferas a commonly available species from Bijnor to Fraserganj
showing maximum abundance of 4429 indsm Balagarh. Lymnaea acuminate
representing the lymnitae family, recorded a maximum individuals of 5719 indsdn
Farakka. Brotia costula belonging to the pachychilidae family recorded a highest
abundance of 2795 inds?rat Farakka.

1 Parreysiafavidensand Corbicula striatella are the two bivalvia species belonging to
unionidae and cyrenidae families, shows the highest abundance of 141 imaid/b935
inds/n? at Buxar respectively.

f The bioindicating species lik®hysella acutarecorded maximum (890 indsfnat
Haridwar, while Mekongiacrassabelonging to the viviparidae family is found to be
maximum (301 inds/A) at FarakkaParreysia corrugatais recorded maximum from
Kanpur with 600 inds/mwhereasIndonaia andersonianas recorded maximum from
Narora.

1 Dragonfly nymph isrecorded as another pollution indicating insect which is reported
from Kanpur showing a maximum abundance of 170 infle/hile, Anaxsp. is recorded
to be abundant at Narora. Chironomid larvae is reported to be one of the potential
pollution indicator spees recorded maximum of 2451 ind€/fitom Patna. Phylum
Annelida also contributes to the pollution indicator species depittibifex tubifexo be
one of the most dominant bioindicator primarily at Kanpur with an abundance of 320
inds/n?.The relativity ¢ pollution indicator benthos species has been influenced by soil
parameters like total phosphate, total nitrogen, total chlorophyll, and soil organic carbon.

Studies in Open vs Closed Wetlands of River Ganga
1 Present study revealed that river connectifiig an obvious effect on the status of water

quality, sediment characteristics, the nutrient profile of water, and sediment of the
ecosystem of both the wetlands. The fish species as well as plankton species diversity was
found more in open wetland thoughacro benthic diversity was the same in both the
wetlands. The reason behind the diversity differentiation of open and closed wetlands
may be the connection with the river. The linkage channel made the freshness
environment of open wetland which causes #cosystem more productive due to

hydrological exchanges.
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1 Fish fauna and benthos community show a positive correlation with whereas plankton has
a positive correlation withNitrateN Phosphate r£0.421; p< 0.0 and Md* in open
wetl and. I n closed wetl and, water paramete
benthos and plankton community.

1 Breeding and nursery requirement through studies in Ganga river associates open vs
closed wetlands were studidd. the present study, recorded 45 freshwater fish species
from open wetland are very common fish species in Ganga River where as 2 exotic fish
species asHypopthalmicthys nobilisand Oreochromis mossambicuemong 23 fish
species form closed wetland are found verg iia river. Size class of 5 fish species like
Gudusiachapra, Ailiacoila, Botiadario, Botialohachataand Rasbora daniconiugere
recored in juvenile stages (<11 cm) specifically monsoon and post monsoon season from
open wetland.

Depth and velocity ragrement of selected six fishes

1 Depth and velocity of entire Ganga stretch were studied during the period. The selected
six important fish species &chizothoraxichardsonii, Tor putitora, Labeoohita, Labeo
catla, Cirrhinus mrigala and Labeo calbasuare fresh water habitat arfschizothorax
richardsonii,and Tor putitorawere cold water species recorded from Harshil, Tehri and
Haridwar stretch of river Ganga wherdaabeorohita, Labeocatla, Cirrhinusmrigala
andLabeocalbasuwere found from Bijnoto Tribeni stretch of river.

1 The depth ranges 0.69 m to 10.77m and flow ranges 0.12 to 1.2 m/sec found suitable for
the selected fish species.

Seed Production (InSitu) of selected fish specieand ranching in the depleted river
stretches

Seedoroductionof selected commerciallyniportantfish specie®f river Ganga

1 Seedproductionof IMCs (Labeo rohita, Labeocatla, Cirrhinus mrigala and Labeo

calbasy through induced breeding wstarted sinc017 and the same activitgs been
continuedevery year till date for exsitu conservation of wild fish germplasm of river
Ganga

1 A total of 2 crore(approximately)spawnhave beemproduced during 2022020 through
induced breeding programme.
Estimates of mnual spawn productiorangedbetween 12 lkh/yearand79.4 lakh/year.
As a part of thiprogramme]CAR-CIFRI conducted 43 ranching programmes during the
project period andeleased more than 30 laldf IMC fingerlings produced through



induced breeding of Gangetic broodargl Mahseer in riveiGanga in order to conserve
and restoration of IM@ Mahseer in the river.

Ranching programmes wermenductedat theriver stretches like Prayagraj, Varanasi,
Sahdganj, Maharajpur, Farakka, Balagarh and Barrackporevdreee the catch of IMCs
decline dragtally. Besides thesgnching wasalsoconducted asomemajor pilgrimage

area like Rishikesh, Dasashwame@hat, Kumbh mela, SangaandMayapur.

Quantitative and Qualitative evaluation of fish spawn

T

The average fish spawn production has been estimated to be only 21 ml (435 million)
from middle and lower stretch afzer Ganga. Qualitative investigatiar fish spawrnwas
undertakerin the lower stretch of the river viz. Farakka, Lalgola and Guptipai&est
Bengal indicated a total of 46 species belonging to 36 geh@families and 8 orders
during the period 201&9.

The site Guptipara has been confronted with maximum availability of fish species
(0.38%) followed by Farakka (0.36%) and Lalg@a25%) respectively.

Juvenile availability ofmportantfish species along Gangdriverstretch

T

Twelve sampling stationgz. Bijnor, Narora, Farrukhabad, Kanpitayagraj Varanasi,
Buxar, Patna, Bhagalpur, Farakka, Berhampore and Bafagarhmiddle to lower
stretches of river Gangaerefound more productivéhan other stationsor juveniles of
commerciallymportantfishes.

Very few numbers of juvenile fish species were reported from Harshil, Tehri and
Haridwar stretch followed by Godakhali, DiamoH@rbour and Frasergasjretch.The
juvenilefish composition obtained from river Ganga was mainly divided into seven major
groupssuchas carpsvhich include major, medium and minoarps the catfish incluchg

large and small sized catfish groups; thesgaeilaneous which includdish species of
lesser economic importance, growth rate and opportunistic ones and lastly the exotics and
their catch percentage have been calculated at each station in the entire river stretch.
Thejuvenile fish species was fourdbundantat Farakka(23) followed by Buxar (21) and
Balagarh (16)

Awarenesgampaign on Sustainable Fisheries and Conservation

T

ICAR-CIFRI conducted 4@nassawareness programmes during the projemion. A
total of 3890numbers of fishers were sensitizedotgh the awareness campaign4
states viz., Uttarakhand, Uttar Pradesh, Bihar and West Berigaluding major



pilgrimage area likeRishikesh, Dasashwamedh Ghat, Kumbh mela, Sangath
Mayapur.

1 The purpose of the progmme was to create awareness among local people including
fishers onthe detrimental effects of destructifishing methods likeuseof zero meked
net and othemethodssuch as poisoning, dynamittingtcand were advised not to catch
the juveniles and brooders especiallyring breeding seasons (JuAeigust) for the
conservation of fishem river Ganga.Also, awared about the benefits of closed fishing
sesaons in conservation of fishesto the fishermen.

Id entification of conservation siteAquatic Biosphere/National Aquatic Park) through

data generate from thestudy

Protected areas along river Ganga with respect to the sampling sites
1 Protected areas include National Park (3), Wildlife Sanctuary (8), Biosphere reserves (2)

and one conservation reserve spanning across five different states along river Ganga with
respect to oursampling sites were idefied as Conservation SitegAquatic
Biosphere/National Aquatic Park)

1 Our investigations revealed theiddleandower stretches othe river Ganga more
productiveasspawrng groundas well adish juveniles of commerciallymportantfishes
during the studyFarakka, Lalgola and Guptipastretcheswerefound themost suitable
sites forfish spawn availabilitywhereas speciesrichness of fish spawmas well as
abundance of juvenile fishes were more aléiagakka Buxar and Balagaritretches
henceit is suggested thahese stretches may lukesignated asonservatiorsitesof fish
species.

Preparation of the Fisheries Conservation and Restoration Plan fothe Ganga River

System

1 A critical analysis was made to determine the commercially importantdpiisdees of
river Gangavhich were fishedbelow their maturity length ).

1 The data was assessed selettivier 32 fish species combining with length at first
maturity parameter of female frothe Gang River Basin

1 The results showethe percentage dilear threatened categofishes like Harpadon
nehereus, Chital&hitala and Ompokbimaculatuswere found below the maturity size
and the abundance wascorded as’2.22%, 84.44% and 94.11% respectivelis
indicates over exploitation of fishekefore attaining k, thus it leads to growth

overfishingof those fish species
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Similarly, percentage of exploitation rate of small sized fishes remains 65.27 % for Rohu
and 51.68 % for Catla in River Ganga.

Among the major carpd,abeocalbasuis caughtmostextensively in theiver stretch
showing to its year round availability.he study suggests that gillnet fisheries represent a
greater threat along Ganga River threats . Thus, proper management plan should be
implemented based on mesh size regulation of gill nets for conservation as well as

sustainable fisheries at Ganga Ris&etches.

Socioeconomic statuof Fishermen Canmunity along different sites of river Ganga

T

Sociceconomicstudy of the Ganga fishers wsacarried out in 141 villagegvolving

1059 fishermen from different stretchefsthe river The study revealethat most of the
families ofthe fishersare directly involved in fishingpr their livelihood.

It was also observed that mostof ti®hermenbelong to the age group of 40 to 50
yearsalong all the stretcheParticipationof youth (15 to 30 years aggoup) in fisheries

or fishing activitieswasfound comparativelyess in all the three stretches witte least
participationof youthin the upper stretcHJncertainty of income from riverine fishery
may be the main reason behind it.

Around 21% ofthe respndents werdéound just literate in the upper stretch whiletime
middle and lower stretch around 25% and 23% respondents respectively were found to
have attended high schodDf the total respondents, three graduate respondents were
found in the middle dretch Thesurvey revealed that thieracy status othe Ganga
fishermen community wasoor.

Fisheriesrelated activities form a major part of their total income and plajarrole in

their livelihood. Average monthly income of the fishermen were/R83 Rs.5866 and
Rs.4345in lower, middle and uppestretciof the river, respectively. Tharrangement of

alternative livelihoodptionfor fishers is vitalin the present situation
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SECTION-I

INTRODUCTION

River Ganga extending from 22°18'06.43"N to 31°02'49.31"N and 77°58'47.44"E to
88°30'37.89"E-flows through the heart of the country covering statedttarakhand, Uttar
Pradesh, Bihar and WeBengal. It is considered to be the largest n¥éne country and fifth
largest in the world. The river has a total length of 2525 kilometres traversing a long course,
emerging from Gangotri, passing through different states and finally drains into the east coast
of the country in Bay of Bengal. Durints course of flow, the river navigates through a
number of growing cities with population of ovene lakh The drainage area in India is
8,62,729%m?whichis nearly 26% of the total geographical area of the country. Ecologically,
river Ganga is a comgle assemblage of various spectrums of habitat. The river supports a
rich number of fish fauna on which thousands ofgbealependheir livelihood.But in recent

past, due to constant ecological degradation caused bymade hindrances in the river
basin there is noticeable decline in both fish production and productivity. Therefore, it is a
need of the hour to conserve and restore the Gangetic ecosystem in a sustainable way which
will finally add the biotic components as whole. National Mission for Clean Ganga
(NMCG) underMinistry of Jal Shakti, Department of Water Resources, River Development
and Ganga Rejuvenatios presently monitoring various aspects of the GdRigar System

in different states of the countryo conduct study on the fish and fisheries of the Ganga
River Systemthe Ministry has financially supported a fiyears long initiativeof ICAR-

Central Inland Fisheries Research Institute, Barrackpore (N67R014 15/526/NMC&-ish

and Fisheries Date#i3/07/2015). The project was formally launched 8hlidly, 2016 in a
launching workshop held at ICARIFRI, Barrackpore, West Bengal and its regional centre

at Prayagraj Uttar Pradesh. The resubtainedso far is compiled in the present report.
Since,the riverine fisheries have also been considered to be one of the important economic
activities of the nationit is worthwhile toassess and link suettion plans with the aquatic

animals.



OBJECTIVES OF THE PROJECT

X

Exploratory survey of river @&nga for identification of suitable sampling sites through
experimental cruise

Assessment of fish and fisheries

Stock assessment of selected fish spetiabgorohita, Labeocatla, Cirrhinusmrigala,
Labeocalbasu, Tor putitorandSchizothoraxichardsamii)

Identification of migratory fishes and range of migration through tagging (normal/
satellite) in the entire stretch of Ganga

Assessment of key habitat variables in relation to fish distribution and various biological
activity of the fishes

Seed produon (In situ) of selected fish speci€kof putitora Schizothoraxichardsonii,
Labeorohita, Labeocatla, Cirrhinus mrigala and Labeocalbasy) and ranching in the
depleted river stretches

Awareness campaign on sustainable fisheries and conservatiopombrolling of
destructive fishing methods, mesh size regulation, ban period implementation with
community mobilization

Identification of conservation sites (Aquatic Biosphere/National Aquatic Park) through
data generated from the study

Preparation of th@sheries conservatioand restoration plan for thea@GgaRiver System



OBJECTIVE -

EXPLORATORY SURVEY OF RIVER GANGA FOR IDENTIFICATION OF
SUITABLE SAMPLING SITES THROUGH EXPERIMENTAL CRUISE

Studyareaalongriver Ganga

Quarterly field campaigns were carried out during January 2016ctober 2020 for
samplingof fish, plankton, periphyton, benthos, sedimeautsl water samples from different
stations along river Ganga. The sampling sites covered the states of Uttarakhand, Uttar
Pradesh, Bihar and West Bengal. The sampling sites of the river are tabulated below (Table 1
and Fig. 1).

Table 1.State and distanaeise distribution of sampling stations in river Ganga

River Ganga
Stations State Distance between two stations (Km)
Harshil 0
Tehri Uttarakhand 133.09
Haridwar 133.02
Bijnor 97.09
Narora 182.39
Farrukhabad 214.02
Kanpur Uttar Pradesh 18757
Prayagraj 261.28
Varanasi 220.03
Buxar 129.52
Patna Bihar 185.24
Bhagalpur 285.00
Farakka 198.62
Jangipur 54.01
Berhampore 70.07
Balagarh 184.04
Tiboni West Bengal 26.37
Godakhali 90.66
Diamond Harbour 36.6
Fraserganj 76.6
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SAMPLING METHODOLOGY

Sampling procedure

Twenty sampling sites along river Ganga namébrsil, Tehri, HaridwarBijnor, Narora,
Farrukhabad, Kanpur, Prayagr&jaranasi, Buxar, Patna, Bhagalpur, Farakka, Berhampore,
Balagarh, Godakhali, Diamond Harbour and Fraserganj covering a total distance of 2525 km
were selected. The sites selected were almost equidistant. However, two more stations viz.
Tribeni and Jangipuwere also sampled from time to time due to their importance from
fisheries perspective. The main river channels as well as adjacent fishing villages/landing
centers were sampled for fishes. The various selective andetective gears used for the
catchng the fishes were gill nets, various seine nets, trap nets, barrier and falling nets, cast
nets, drag nets, bag nets, etc. The fish samples were collected mainly through experimental
fishing and from landing centers within a stretch of 5 km and wereifidéenbn spot or
preserved in 10% formalin and transported to the laboratory for further analysis. Further, the
abundance of species indicative in the observations are the total number of fishes of the
individual species collected using various types afrgérom various habitat niches within 5

km of each site per sampling.

Estimation of physicechemical parameters

Water and sedimentquality parameters were assessedwithin 5 km of the fishing sites. Water
and sedimensamples were collected across the rimetudingthe riverbanks and also from
subsurface layer of the middle of river to obtain composite water and sedimentsamples from
each station. Thereafter,water and sedimentsamples were mixed and analyzed following
standard methods (APHA, 2015 and 201G water and the methods outlined in Piper
(1966) and Jackson (1964) for sediment samples



OBJECTIVE -l
ASSESSMENT OFFISH AND FISHERIES OF THE GANGA RIVER

Methodology

Study area

River Ganga is the most important water channel flowing through the western to the eastern
parts of the country stretching across 77°58'47.44"E longitude to 88°30'37.89"E longitude
and 22°18'06.43"N latitude to 31°02'49.31"N latitude, travelling a distah2625 km. The
presenteportnarrows down the broad and vast aspects of the river to focus upon the richness
of fish species aggregating at each of Theentysampling stations distributed over the entire
stretch of river Ganges. The study area is comagsd uponthosestations observing the
presence oVariety of fish species as well as the abundance of fish species at each sampling
station. The entire course is divided into four parts: the upper stretch (Harshil to Haridwar),
middle stretch Bijnor to Varanasi), lower stretch (Buxar to Tribeni) and estuarine stretch
(Godakhali to Fraserganj).

Data collection

Field campaigns were performgdarterlyfor the collection of fish faunal data within a span

of fouryears from September 2016 @ctober2020. The main river channels as well as
adjacent fishing villages/landing centers were sampled for fisheseléetedsampling sites

were further grouped on the basis of their hydrological characteristics. The various selective
and nonrselective gearBke multi meshed gill nets, various seine nets, trap nets, barrier and
falling nets, cast nets, drag nets, bag ,netis. were utilized for collection of fiskamples

The fish samples were collected mainly through experimental fishing and from landing
centers within a stretch of five km and were identified on spot or preserved in 10% formalin
and transported to the laboratory for further analysis. Theirapas were deposited in the

Fish Biodiversity Museum of ICARCentral Inland Fisheries Researchtitoge, Barrackpore,

West Bengal, India.

Habitat quality parameters (watesediment plankton, periphyton and benthogjere
analyzed from these sites during the same period. Fish samples of selected fish species were
collected from the above sites foolugical studieslinformation on number of boats engaged

in fishing and quantity of fishes caught by each boat (CRi#tgecorded from each landing
station. All the boats engaged in commercial fishing were counted along with the quantity of

fishes caughtf number of boats is less than thirty. At least 50% of the boats were examined,



when number of boats is more than thirty. (If the stations are remote or getting catch and
effort data from fishers is difficult, in such case at least the total numbeats éngaged in
fishing and tot al | MC6s | anded during the e
were obtained from auctimetcg)eer 6s data registe

Fig. 3 Experimental fishing at Haridwar

Fig. 4 Experimental fishing at Fig. 5 Experimental fishing at Prayagraj wi
~ Farrukhabad with cast net gill net

Fig. 6 Experimental fishing at Varanas Fig. 7 Experimental fishing at Buxar with
with cast net seine net

>

na with  Fig. Qigh catch from bag net Biamond
seine net Harbour



Fish identification

Using the established taxonomic kegmorphometric and meristic characteristicthe
collected fish specimens were identified to species IBegl (1889),Talwar and Jhingran

(1991), Jayaram (1999)Jayaram (2006 & 2010Nelson et al. (2016andFroese and Pauly
(2021). The taxonomic names and positions are also evaluated by referring Eschmeyer et al.
(2021) and FishBase (Froese and Pauly 2@&tbbal conservation status of the collected fish
speciewvas checked and updatdlowing Eschmeyer (2020) and IUCN (2020)

Analysis

Fish gecies diversity indices and juvenile distribution were also employed using PAST
software (Hammer et al., 2015) &malyze anddentifythe major diverse areas of the river
system. The relationship between lengtid bodyweight (LWR) of the fishes (combined

group of both the sexes) was calculated by the method of linear regression analysis using the
formulae: Log W = Iog a + b Log L (Where: W Body weight (gm)L = Total lendh (cm
(Tbband 6ad is the intercept and O6bdé is the s
value of weight and Il ength. The O6b6 values
(Hile, 1936; Martin, 1949). However, in most of the cases, the valwtslifrom 3Length

class frequency distributions of each species were determined using MS Excel office, 2010.
Quantification and estimation of invasion index of fish species have been a useful method for
determining the impact of fishes in the respectivéewhody. The methodology behind the
determination of Invasion index (Ix) was calculated to assess the rate of impact. The invasion
index assesses the rate up to which a particular alien species has invaded in particular system
(Singh et al 2013). The Idex (k) is calculated on the basis of exotic abundance (En) with
respect to other native riverine fish speci
native fish diversity, while value above 1 result in higher rate of loss. The index has been
as®ssed (201-2020) for the most two common invaded species Common carp and Tilapia in

the river.



RESULTS

Fish diversity

A total of 190 fish species (182 native and 8 exotics) distributed among 133 genera, 62
families and 23 orders were recorded during the entire study period from Harshil to
Fraserganj. In a total of the 62 families.Of these, Cyprinidae was found to beshepacies

rich (28 spp., 14.28%) family, followed by Danionidae (19 spp., 9.69%), Sisoridae (10 spp.,
5.10%) and Bagridae (9 spp., 4.59%) respectively.. In the present study, the highest number
of fish species (107 and 95 each)were recorddgijadr and Narora,followed by Farakka

(87), Prayagraj (85), Kanpur (83) whereas, Diamond Harbour and Godakhali recorded the
least number of fish species (38 and 33 respectively). Carps were the most well represented
and commercially important group found in all tifeshwater stretches of the river.
Cypriniformes is the most dominant order, contributing 29% of the total fish species
diversity. Catfishes (Siluriformes) is the second (22%) most dominant group observed among
the total fish group. Commercially importgobd fishes shared 60.84% whereas ornamental
fish and sport fishes shared 35.44% and 3ré%pectively of the total fish diversity in the

river. Of the total fish species reported, 10% are categorized as threatened species according
IUCN Red List (2020)(15 species as Near Threatened, 2 as Vulnerable and 2 as
Endangered). About 73.68% (140) the recorded species are under Least Concerned category
which can be comprehensively exploited for fishery. However, as perthe threatened status of
freshwater fishesfdndia compiled by NBFGR (2010), 11 species are Near Threatened and
19 are Vulnerable species among the total fish species from the river (Table 2).
Representation of threatened category based on the current state of knowledge needs to be
further developeé for the Gangetic fish fauna as the risk assessment status of 12.10% of the
indigenous species are yet to be established. River Ganga is also known to inhabited by
diverse zoogeographical fish species of varied hydrological regimes. The investigation has
also further classified 55.78% of the species to be solely freshwater inhabitants. Around
15.26% of the fishes of the river are cosmopolitan in distribution inhabiting freshwater,
brackishwater and marine water ecosystems which includes 17 families agengfa.
Subsequently, only 18.94% of the species belong purely to the brackishwater and marine
water habitat (24 families and 34 genera). Out of the total species diversity, 10% of the fish
fauna are the inhabitants bbdth freshwater and brackishwater mamments that consists of

14 families and 15 genera. As many as eight different exotic fish species (viz.

Ctenopharyngodon idelladdypophthalmicthys molitrixHypophthalmicthys nobilj<yprinus



carpio var. communis Cyprinus carpiovar. specularis Oreodiromis niloticus Clarias
gariepinusand Pterygopliicthys disjunctivysare found in the freshwater zone of the river
contributing about 3.74% to the total fish diversity. Among the exotics, both common carp
and tilapia are ubiquitous along upper and radstetch of river Ganga. The relative
abundance of common carp (44.31%) a@deochromis Hoticus (30.15%) were in
agreement with the report of Sarkar et al. 2012 from the entire stidiehupper stretch
(Harsit Haridwar) was found dominated lyyprinus carpiovar. communis(19.59%) and
Cyprinus carpiovar. specularis (13.61%). The middle stretch (Haridwararanasi) was
recorded with highest abundance®@jfprinus carpiovar. communis(1.46%), Oreochromis
nloticus (2.01%) andClarias gariepinus(0.37%)respectively. Abundance of other exotics
like Ctenopharyngodon idelldHypophthalmicthysnolitrix, H. nobiliswas found below 0.10

%. Sites like Kanpur, Prayagraj and Varanasi resulted inhigh abundance of common carp
(7.31% 16.49%4.95%) and tilapia (6.64,7.36%4.59%). Dominance o€yprinus carpio
var.communig7.68%) andOreochromis Hoticus (9.41%) was noticed at Buxar only in the
lower stretch. Availability of other exotic species was noticed sporadically below Bhagalpur
to Tribeni stretch of River éhga.The distribution pattern of exotic fish species in the river
denotes thatC. carpig was found omnipresent in ten sampling sites depictiagable

distribution along the local level.

From the previous studies by various workers in the main chahtie¢é Ganga River, there

were no report on the significalatss of fish diversity from the river. The earlier works were
mainly focused on the fish faunal diversity, distribution and abundance either of the entire
river basin or some selected stretcheshe river or of its tributaries.Therefore, the present
study gives a very systematic and comprehensive account of the fish diversity in the entire

river stretch which is not comparable with previous studies.
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Table 2 Record offish diversity in the Gaga Riverreported by various sources

Sl | Stretch of Ganga Basin Number of fish Information available
No. species recorded from (Ref.)
1. | Entire GangRiver 271 Hamilton (1822)
2. | Indo Gangetic Plain 207 Menon (1974)
3. | Alaknand&iver 41 Singh,Badola&Dobriya
(i) Upper Gang®iver, Garhwal 54 (1987)
(ii) Prayagraptretch 30 -Do-
(i) KosiRivern(Tributary) 103 Payneet al.(2004)
(iv) Patna stretch 56 Khan & Kamal (1980)
(v) Fresh water zone 162 Payneet al.(2004)
from Alakananda to Padma Payne Sinha,Singh&
(Bangladesh). Huq (2004)
4. | Stretch from upper Ganga to 172 Jhingran (1991)
Gangetic (Hooghly) estuary
5. | Indo Gangetic plain 266 (Freshwater: 15§ Talwar and Jhingran
Marine: 108) (1992)
6. | Gangamain channel (considered 110 Sinha, De and Jha
only on economicallymportant (1998)
species)
7. | Gangotri to Kolkata (Armenian 141(Recorded 10 | Sarkar et al(2012)
Ghat) exotics)
Fraserganj
Diamond harbour
Godakhali
Tribeni
Balagarh
Berhampore
7 Farakka
pe Bhagalpur
g Patna
= Buxar
g' Varanasi
(CI)G Allahabad
Kanpur
Farukhabad
Narora
Bijnor
Haridwar
Tehri
Harshil
0 20 40 60 80 100 120

Fig. 10 Sitewise fish species distribution in river Ganga
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Fig. 11 Hilsa catch aBodakhali, West

Fig. 13 Assorted catch Berhampore, West Fig. 14 Prized Murrel catch Batna, Bihar

Fig. 15 Valuable Gobbid catch Balagarh, Fig. 16 Croakers catch at D. Harbour, We
West Bengal Bengal

Fig. 17 Hilsa catch darakka, West Bengal
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Threatened fishes river Ganga

The status of fishes being threatened is a major concern nationwide particular in Ganga
River. From the present investigation, out of the total 190 fish species redaaedver

Ganga 18 fish species belongs to 8 orders and 12 families were recorded under IUCN red list
(Version 202€2.) (Table 3). Native fish species viBagarius bagariusBagarius yarrelli,

Chitala chitalg Labeo pangusiagOmpok pabpOmpok pabdaSchizothorax richardsonand

Tor putitorabelong to the threatened category of IUCN Red List (Version-2020-amily
Synodontidae contributed highest (53.8%) followed by Cyprinidae (16.68%) and Siluridae
(13.94%) in the present study. The number ofdtaeed fishes liké\ilia coila, Ompok
bimaculatus and Wallago attwere highly significant (p<0.05) at Bhagalpur whereTas
putitora (p<0.05) afTehri, Schizothorax richardson({p<0.05) at Haridwar3agarius yarrelli
(p<0.05) found (p<0.05) at BuxadParambassis lalap<0.05) at Farakka, Bagarius bagarius
(p<0.05) at Balagarh, Chitala chitala (p<0.05) at Behrampore Hampadon nehereus
(p<0.05) at Fraserganj stretch of river Ganga.

Table3. Threatened fish species under IUCN Red List from river Ganga

. . IUCN, |CAMP,
Order Family Species 2020 | 1998

Cypriniformes Cyprinidae Tor putitora(Hamilton 1822) EN EN | EN

Cyprinidae Schizothoraxichardsonii(Gray 1832) | VU VU | NA

Cyprinidae LabeopangusialHamilton 1822) NT LRnt | NA

Siluriformes Sisoridae Bagariusbagarius(Hamilton 1822) NT VU | NA

Sisoridae Bagariusyarrelli (Sykes 1839) NT NA | EN

Ailiidae Ailia coila (Hamilton 1822) NT VU | NA

Ariidae Arius gagora(Hamilton,1822) NT NA | NA

Siluridae OmpokbimaculatugBloch 1794) NT EN | NA

Siluridae Ompokpabda(Hamilton,1822) NT EN | NA

Siluridae Ompokpabo(Hamilton,1822) NT NA | EN

Siluridae Wallago attu(Bloch & Schneider 1801) VU LRnt | NA

Clariidae Clarias magur(Hamilton,1822) EN VU | NA

Perciformes Ambassidae | Parambassi¢ala (Hamilton,1822) NT NA | NA

Osteoglossiformeg Notopteridae | Chitala chitala (Hamilton,1822) NT EN | NA

Anguilliformes Anguliidae Anguilla bengalensiéGray 1831) NT EN | NA

Aulopiformes Synodontidae | HarpadonnehereugHamilton 1822) NT NA | NA

Myliobatiformes | Dasyatidae Pastinachusepher{Fabricius 1775) NT NA | NA
Carcharhiniformes| Carcharhinidae| Scoliodonaticaudus(Muller & Henle

1838) NT NA | NA

*NE: Not Evaluatedl.Rnt: Lower risk near threateneN,T: Near Threatened/U: Vulnerable,EN:
Endangered; NANot assessed
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Fish species not recorded in the present study

The present investigatiocould not recordl8 fish speciesvhich were reported by the earlier
workersfrom the Ganga basin (Talwar &Jhingrd®91). Barring few, majority of them are
considered as trash fishes. The 1amailable fish species in the present study are as follows:
Order: Cypriniformes

x  Family: Cyprinidae

Labeo nandingHam, 1822)

Pethiaguganio(Ham, 1822)

Puntiuspuntio(Ham, 1822)

Puntius vittatugDay, 1865)

Tor tor (Ham, 1822)

Tor mosal(Ham, 1822)

Amblypharyngodomicrolepis(Bleeker, 1853)

SchizothoraichthyprogastugMcClelland, 1839)
Puntiusterio (Ham, 1822)

©o N A~®ODE

x Family: Nemachelidae

10. Schisturascaturigina(McClelland, 1839)
Order: Beloniformes
x Family: Belonidae

11. Strongylurastrongylura(van Hasselt, 1823)
Order: Siluriformes
x Family: Bagridae

12.Batasiotengana(Ham, 1822)
x  Family: Aillidae

13. Clupisomamontana(Hora, 1937)

x  Family: Sisoridae
14.Conta contgHam, 1822)
15. Erethistegerdoni (Day, 1870)
16.Nangra nangrgHam, 1822)
Order: Perciformes

x Family: Anabantidae
17.Anabas cobojiugHam, 1822)

x  Family: Toxotidae
18. ToxoteschatareugHam, 1822)
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Fish assemblagstructure of river Ganga

The study recorded a total of 56 commercially significant indigenous fish species which
fetches high market valuBijnor was recorded with the highest number (107) of fish species
followed by 95 fish species at Narora stretch. The reach between Harstalrittwar is

found to be inhabited bkill streams fish species. The prominent characteristic species are
the Barb, Baril and minnows. The keystone species of the hilly stretch are Mahaseer (
putitora) and Snow trout§chizothoraxichardsoni). Downward of Haridwar to the plains

up to Bhagalpur marks the appearances of commercially important fish groups of carps and
catfishes. Species having higher economic value Lafgeo rohita, L. catla Cirrhinus
mrigala, L. calbasy Sperataaor, S. seenghalaWallago atty Chitala chitala, Rita rita,
Eutropiicthysvachaand Clupisomagarua Historically, the region from Kanpur to Varanasi

has been one of the major hotspots of pollution loading in the river; however, the present
study hadrevealed 76 fish speomdsich is slightly higher in comparison to the earlier reports.
The lower Ganga zone from Varanasi (Uttar Pradesh) to Tribeni (West Bengal) of the river is
comparativelyrich inbiodiversity. The region supports 101 native fish species with two exotic
fishes Cyprinus carpicandOreochromis niloticusn sizeable population.This finding on fish
species distribution will in turn support the endangered National Aquatic Animal of India
(Platanista gangeticagangetica in the protected stretch of the river locatgdvikramshila
Ganges River Dolphin Sanctuary near Bhagalpur, Bihar. Farakka stretch of the river Ganges
in West Bengal has highest diversity (87 fish species) in the lower part of the river, Hilsa
fishery below Farakka barrage is the prime fishing agtigitthe stretch owing to its huge
commercial value. Moreover, as the river passes from Tribeni through the metropolitan city
of Kolkata, by the time it reaches Godakhali located only about 30 kms down the city, the
pollution and contamination level in thveater can support fewer degrees of fish species.
Estuarine stations of Godakhali and Diamond Harbour indicated dominance of euryhaline
species like Tenualosa ilisha, Polynemus paradiseus Arius sp., Otolithoides pama
OdontamblyopusubicundusandSetpinm sp.

To assess the species richness complying three different seasem®ysieeon, monsoon and
postmonsoon seasons) in different sites of river Ganga, a mathematical expression has been
applied which is a commonly used information statistics indexadoiatic environment. As
evident from the graphical representation (E&y& 19) maximum number of species were
recorded fronBijnor (N=107) followed by Narora (N=95) at Uttar Pradesh. Though Harsil

to Tehri stretch is practically a ndishing zone,the fish species diversity in the region is
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found comparatively low. Whereas, species eveness have been found almost similar. Sites
from Haridwar to Narora have comparatively uneven distribution of fish species, though the
sites have reflected highest diversity levels.

In the present study, diversity has been measured by the number of species richness and
evenness. Thus, in lower stretch ®anga such as Farakka (species richness 87; eveness
0.21) and Berhampore (species richness 74; eveness 0.22), which have low environmental
stress shows high species richness as well as evenness. Water quality parameters in the spots
have rendered optimurtevels as well.In the middle stretch, extending from Buxar to
Bhagalpur species evenness is found more or less equal than the richness level (5.31 to 5.77).
Sites viz. Kanpur, Diamond Harbour and Godakhali species were not as evenly distributed.
Presenceof certain dominant species (exotics in Kanpur) might have been the influencing
factor.

Table 4 Diversity Indices of fish species of river Ganga

Sampling No. of taxa Shanonindex | Ev e n n e § Margalef's richnessindex
stations (H)

Harsil 2 0.08 0.54 0.15
Tehri 9 0.03 0.11 0.66
Haridwar 26 2.60 0.51 3.33
Bijnor 107 2.24 0.08 6.20
Narora 95 2.17 0.09 6.19
Farrukhabad 83 2.64 0.16 6.56
Kanpur 83 1.23 0.04 5.58
Prayagraj 85 1.95 0.08 5.33
Varanasi 83 1.97 0.08 6.28
Buxar 79 2.59 0.17 5.77
Patna 68 2.77 0.23 5.23
Bhagalpur 68 2.73 0.22 5.31
Farakka 87 2.93 0.21 6.50
Berhampore 74 2.79 0.22 6.28
Balagarh 67 2.61 0.20 5.19
Tribeni 63 2.16 0.13 5.05
Godakhali 33 1.59 0.14 2.34
Diamond 38 1.61 0.13 2.58
Harbour

Fraserganj 66 1.61 0.07 4.20
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Equitability (evenness) analysis

Total of 190 species of fish were recorded during the study from the diverse habitats. The
number offish species rangenhore thard0 in the disturbed sit@ower stretchto more than

80 at thereference siteupstream andniddle stretch). Equitability index for each site with

fish indicated that middle stretch of river Ganga from Buxar to Balaghar having Biggrer

and indicating that themilar kind of fish distribution.

Commerciallylmportant fish Species Mailable fromRiver Ganga

Out of 190species recorded from the river, 58 species are reported to have commercial

importance. Following species are known for their high commercial value:

Table 5 Commercially Important fish species of river Ganga

Fish species Common english Habitat Commercial importance | Percent
name contribution
(by no.)
Ailia coila Gangetic Ailia Freshwater Food fish 28.41
Amblypharyngodon mola Mola carplet Freshwater Food/Ornamental fish 48.15
Anabas testudineus Climbing perch Freshwater Food /Ornamental fsh 7.93
Anodontostomahacunda Chacunda gizzard | Brackishwater Food fish 6.28
shad
Banganadero Kalaban Freshwater Food fish 6.49
Bariliusbendelisis Indian Hill Trout Freshwater Food/Sport fish 2.64
Botialo hachata Reticulate loach Freshwater Ornamental fish 6.99
Cabdiomorar Morari Freshwater Food/Ornamental fish 44.19
Channamarulius Great snakehead Freshwater Food fish 1.24
Channa punctata Spotted snakehead | Freshwater Food fish 16.11
Chitala chitala Humpback Freshwater Food / Ornamental fish 0.96
featherback
Cirrhinus mrigala Mrigala Freshwater Food fish 11.78
Clupisomagarua Garua batcha Freshwater Food fish 17.20
Coilia dussumieri Goldspotted Freshwater Food fish 31.40
grenadier anchovy
Eutropiicthysvacha Vacha Freshwater Food fish 55.59
Gagatacenia Indian Gagata Freshwater Ornamental fish 3.26
Glossogobiugiuris Tank goby Freshwater Food fish 29.21
Gonialosamanmina Ganges river gizzarq Freshwater Food fish 24.33
shad
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Gudusiachapra Indian river shad Freshwater Food fish 34.98
Harpadonnehereus Bombay Duck Marinewater/Bra | Food fish 7.12
ckishwater
Heteropneusteu®ssilis Asian Stinging Freshwater Food/Ornamental fish 11.08
catfish
Johniuscoitor Amphidromous Freshwater Food fish 42.97
croaker
Labeocalbasu Kalbasu Freshwater Food fish 26.98
Labeocatla Katla Freshwater Food fish 18.97
Labeogonius Kuria Labeo Freshwater Food fish 5.45
Labeorohita Rohu Freshwater Food fish 16.20
Macrognathugpancalus striped spiny eel Freshwater Food / Ornamental fish 56.97
Mastacembeluarmatus Tire-track spiny eel | Freshwater Food / Ornamental fish 3.16
Mysts cavasius Gangetic mystus Freshwater Food/Ornamental fish 5.13
Mystusgulio Long whiskers Brackishwater Food fish 2.46
catfish
Nandus nandus Gangetic leaf fish Freshwater Food / Ornamental fish 2.16
Nemapteryxaelata Engraved catfish Brackishwater Food fish 1.94
Notopterusotopterus Silver bronze Freshwater Food / Ornamental fish 2.90
featherback
Odontamblyopusubicundus | Rubicunduseelgoby| Brackishwater Food fish 42.07
Ompokbimaculatus Butter catfish Freshwater Food/Ornamental fish 3.26
Opsariusbarna Barnabaril Freshwater Food/Sport fish 8.64
Osteobramaotio Cotio Freshwater Food/Ornamental fish 39.14
Otolithoidespama Gangetic sciaenid | Brackishwater Food fish 13.29
Pethiaconchonius Rosy barb Freshwater Food/Ornamental fish 59.80
Polynemugparadiseus Paradise threadfin | Brackishwater Food fish 52.18
Puntius sophore Spotfin swamp barb| Freshwater Food/Ornamental fish 64.15
Rasbora daniconius Slender Rasbora Freshwater Ornamental fish 3.29
Rhinomugilcorsula Corsula mullet Freshwater/Brack] Foodfish 29.87
ishwater
Rita rita Rita Freshwater Food/ Sport fish 10.77
Salmophasidacaila Large razorbelly Freshwater Food fish 18.16
minnow
Schizothoraxichardsonii Snow trout Freshwater Sport fish 16.15
Setipinnaphasa Gangetic hairfin Freshwater Food fish 25.43
anchovy
Setipinnatenuifilis Common hairfin Brackishwater Food fish 2.22
anchovy
Sperataaor Long-whiskered Freshwater Food/Sport fish 16.18
catfish
Sperataseenghala Giant river catfish Freshwater Food/Sport fish 28.18
Systomusarana Olive barb Freshwater Food/Sport fish 9.78
Tarigilabeolatius Gangetic latia Freshwater Food fish 15.06
Tenualosadlisha Hilsa shad Freshwater/Brackl Food fish 33.26
ishwater
Tor putitora Golden Mahseer Freshwater Food/Sport fish 33.45
Wallago attu Freshwateshark Freshwater Food/Sport fish 8.69
Xenentodortancila Freshwater garfish | Freshwater Food /Ornamental fish 5.14
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Exploited total length (TL) frequency of few commercially important fish
species of river Ganga
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A critical analysis was made ttetermine the commercially important puzishes of river
Ganga caught below their maturity lengthnLThe data was assessed for selective 32 fish
species combining with various length at first maturity parameters of female tfrem
Gangdiverbasin. The result showed significant variations in Near threatened designated
fishes likeHarpadonnehereus, ChitalahitalaandOmpokbimaculatusvhere the percentage
caught below the maturity size is 72.22%, 84.44% and 94.11% respectively. This indicates
over exploitation of fishes below its maturity length thus creating growth overfishing.

Similarly, exploitation rate of India Major Carps in terms of maturity length is 65.27%
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(Rohu), 51.68% (Catla), 32.97% (Mrigala) and 61.22% (Calbasu). Among all tjog ma
carps, Labeo calbasuis caught extensively in the river stretch owing to its yeand

availability. Table6. depicts the fishes of river Ganga caught much below their maturity

length.

Table 6 Fishes of river Ganga caught below first length of migturi

Sl. Species Length Source % Gear used for
No at first caught | targeting juveniles
maturity below
(Lm) L mfrom
Ganga
1. Labeorohita 579 mm Chondar, 1999 65.27 | Gill net, Seine net
2. Labeocatla 550 mm | Natarajan, 1963 | 51.68 | Gill net, Seine net
3. Cirrhinusreba 135 mm Hossain et al., 62.17 | Gill net, Seine net
2013
4, Cirrhinus mrigala 349 mm | Hanumantharao, 32.97 | Gill net, Seine net
1971
5. Labeocalbasu 278 mm Dwivedi et al., 61.22 | Gill net, Seine net,
2009 Hook & line
6. Labeogonius 200 mm | Choudhury, 2003| 98.16 | Gill net, Seine net,
Hook & line
7. Sperataseenghala 770 mm Saigal, 1982 94.73 | Gill net, Seine net,
Hook & line
8. Sperataaor 840 mm Saigal, 1964 81.04 | Gill net, Seine net,
Hook & line
9. Mystuscavasius 100 mm Bhatt, 1971 34.52 | Gill net, Seine net
10. | Mystustengara 90 mm Gupta, 2015 28.64 | Gill net, Seine net
11. | Mystusgulio 82 mm Jhingran V.G, 47.87 | Gill net, Seine net,
1969 Hook & line
12. | Ritarita 300 mm | Rahamanetal.,| 92.51 | Seine net, Hook &
2013 line
13. | Chitalachitala 700 mm Chonder, 1999 | 84.44 | Seine net, Hook &
line
14. | Notopterushotopterus 238 mm Hamza, 1980 74.52 | Seine net, Hook &
line
15. | Gudusiachapra 80 mm Hossain et al., 82.53 | Gill net
2010
16. | Gonialosamanmina 80 mm Azadi (2008) 88.73 | Gill net
17. | Anabas testudineus 80 mm Hora & Pillay, 32.60 | Gill net, Seine net
1962
18. | Tor putitora 330 mm | Pathani& Das, 57.55 | Gill net, Hook &
1980 line
19. | Schizothorax 324 mm Agarwal et. al, 61.47 | Cast net, Trap
richardsonii 2010
20. | Tenualosalisha 341 mm De (1986) 89.75 | Gill net, Bag net
and lift net
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21. | Polynemugparadiseus 160 mm Gupta, 1968 89.24 | Gill net, Bag net

22. | Clupisomagarua 171 mm | Hasan et al., 2020 50.16 | Gill net, Hook &
line

23. | Eutropiicthysvacha 140 mm Hossain et al., 45.33 | Gill net, Hook &

2012 line

24. | Johniuscoitor 114 mm | Sarkar et al., 2017 70.12 | Gill net, Seine net

25. | Mastacembeluarmatus | 362 mm | Alametal., 2020| 67.21 | Hook & line, trap
& seine net

26. | Macrognathugpancalus | 131 mm | Pathak et al., 201] 73.91 | Drag net, trap &
seine net

27. | Heteropneustefossilis 120 mm Khan, 1972a 54.43 | Drag net, trag
seine net

28. | Ompokbimaculatus 232 mm | Mishra et al., 2013 94.11 | Seine net, Hook
and line, drag net

29. | Channa punctata 120 mm | Prasad et al., 201] 57.70 | Seine net, Hook
and line, drag net

30. | Channamarulius 300 mm Chacko, 1956 55.55 | Seine net, Hook
and line,drag net

31. | Harpadonnehereus 145 mm Ghosh, 2014 72.22 | Bag net, Gill net

32. | Systomusarana 250 mm | Alikhuni, 1957 87.66 | Gill net

Abundance of major fish group in river Ganga

The total fish species as obtained in the present investigation from respective centres of river
Ganga have been categorized and their catch percentage have been calculated at each centre
as well as in the entire stretch. In the upstream zones of HariBwaoy and Narora the

carps shared more or less equal amount (54%, 24 % and 23 % respectively) in comparison to
catfish and miscellaneous groups. However, the trend declined to further middle and
downstream reaches where a major decline in the carps and aecablgdincrease in
miscellaneous fish groups were noticed. In centriesVaranasi, Patna, Bhagalpur, Balagarh

and Tribeni, the major carp had a sharp decline (22%, 22%, 23%, 18% and 15%) respectively
in comparison to miscellaneous fish groups (27%, 3238, 52% and 58%) respectively.
Thus, the proportion of carps (major, medium and medium) fell considerably with respect to
the entireriver stretch where it constitiuted of only 2.3% of the total catch and a considerable

increase of the miscellaneousti@sh fish group (43%).
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Table 7 Abundance of major fish group in river Ganga

MAJOR GROUPS UPPER STRETCH MIDDLE STRETCH LOWER STRETCH
(HARSIL -HARIDWAR) (BIINOR- BHAGALPUR) (FARAKKA -FRASERGANJ)

Mahseer 1 0 0
Trout 1 0 0
Major carp 0 4 4
Medium Carp 2 1 1
Minor Carp 1 5 3
Large Cat fish 0 8 12
Small Cat fish 4 17 23
Shads 0 3 5
Miscellaneous 6 71 112
Exotic Fish 3 7 6
Total Species 18 116 166
(stretch wise)

* Mahseer: Tor putitora Trout: Schizothoraxichardsonii Major carps: Labeocatla, Cirrhinus mrigala, Labeocalbasu,
Labeo rohita, etc Medium carps: Cirrhinus reba, Labeobata, Labeogonius, Labeoderogtc. Minorcarps: Puntius
conchonius, Puntius sophore, Labeagra, etclLarge cat-fish: Speratasp, Wallago attu, etcSmall catfish: Mystussp,
Ompok pabda&tc Shads:Gudusiachaprag Tenualosalisha etc. Miscellaneous: Xenentodortancila., Monopterusuchia,
Barilius barila, etc.Exotic Species:Cyprinuscarpio, Oreochromis niloticus, Clariagariepinus, H. nobilis, H. molitrix, P.

disjunctivus

TEHRI 150, HARIDWAR
m Carps m Carps
® Minnows
= Minnows = Catfish
Fig. 21a Fig. 21b
BIJNOUR NARORA
m Carps m Carps
= Minnows = Minnows
: ;irish m Catfish
= Misc
Fig. 21c Fig. 21d
FARUKHABAD KANPUR
m Carps m Carps
® Minnows B Minnows
m Catfish = Catfish
= Misc u Misc
Fig. 21e Fig. 21f
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PRAYAGRAJ VARANASI
c m Carps
|
z.irps ® Minnows
® Minnows = Catfish
m Catfish .
m Misc
= Misc
Fig. 219 Fig. 21h
BUXAR PATNA
m Carps
= Carps 41% .
0% wMinnows 6% " Minnows
= Catfish u Catfish
u Misc Misc
Fig. 21i Fig. 21]
BHAGALPUR FARAKKA
m Carps = Carps
6% ®Minnows 8% ®mMinnows
= Catfish m Catfish
= Misc = Misc
Fig. 21k Fig. 21l
BERHAMPORE BALAGARH
| |
m Carps Carps
® Minnows 9% ®Minnows
%
m Catfish m Catfish
= Misc = Misc

Fig. 21m

Fig. 21n
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TRIBENI GODAKHALI
m Carps 5% 8%
5% = Minnow 13% = Shads
9204 %atfish m Croakers
= Misc Gobiids
m Misc
Fig. 210 Fig. 21p
DIAMOND HARBOUR FRASERGANJ
9% 9% m Shads 8% g = Shads
14% m Croaker 12% g Croakers
éobiids Gobiids
m Misc m Misc
Fig. 21q Fig. 21r
Fig. 21(a-r) Graphical representation of major fish groups at various stations along r
Ganga

Monthly variations of catch (family wis@ercentagegin river Ganga

Differences in variation in fish species can be largely studied by its monthly abundance.
Fishes ofcommercial importance of Ganga are targeted selectively by the fisher folks for
their livelihood generation. Therefore, assessment of the major family groups is required to
understand their availability pattern (seasonwise) in the river. Five major freshamnily
groups have been presented below comprising of Clupe@aeiglosamanmina Gudusia
chaprg Tenualosailisha and Corica soborng, Cyprinidae (abeo spp., Cirrhinus spp.,
Puntius spp., etc.), Bagridadystusspp., Sperataspp., etc.), Aillidag(Clupisomagarua

Ailia coila, Eutropiicthysvachaetc.) and others. Similarly, the estuarine section of the river
has been grouped into Clupeid&ofialosamanmina Gudusiachapra Tenualosailisha,
Corica sobornaand Anodontostomachacundd, Engraulidae(Setipinnaspp., llisha spp.,
Pellonaditchellg), Sciaenidae@tolithidespama,etc.) and others. Howevan the stations,
Diamond Harbour and Fraserganj, additional families namely Polynemidae (Threadfins)
Synodontidae Harpadon nehereus has been takennto consideration in the catch
estimationdue to its high commercialue.
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In the lower estuarine zone of the river, dominance of Clupeids has been noticed during the
entire monsoon of 2017 and 20&@8ntributing to 27.5% and 62.2% respectivigdythe total

fish catch Hilsa was observed athe major catch of the season. Likewisauring winter
months (Ded-eb) of 2017 it wasalsoobservedf theincreasng share(47%) of clupeidsto

the totalcatch Sngle species fishery, especially threadfins and croakers were also recorded
in abundance during a certain period of a y&lynemusparadiseuscontributed21.7%

during summer while 36%f the total catclduring monsoor2017 In 2019, the production

of threadfin came down to 3.92% and 25.9% in summer and winter months respectively. This
might be due to the effect of recruitment overfishing of the species where small size fishes
are caught as bycatch in bag rigéeéntijaal) in the region. Prized Bombaydk (Harpadon
nehereuswith avg. TL 111 mm is only caught in Diamond Harbour during summer months
(March-Jung as theaveragesalinity of theriver water reaches 6.37 ppt which is ideal for its
breeding movement. However, juveniles of the same are naliséag July month in the

area with average total length (TL) of 90 mm.

Status of Major Carp resources in river Ganga

Previous studies have revealed that ecological degradation of the river causadobyg
anthropogenic hindrances activitiesresulted in noticeable decline in overall fish production
especially for major carps and Hilsa shad (Jhingran and Ghosh, 1978). Impact is more visible
on indigenous fish fauna of the river like Indian Major Carps which have been reduced to a
large extentSevere decrease in precipitation, water abstraction in river Ganga has resulted in
the modification of the water flow and turbidity in breeding seasons which in turn has caused
failure of natural recruitments (Das et al., 201Bj)ayagrajstretches of rigr Ganga have

witnessed substantial decrease of major carp landings from 41.4 to 8.3 % during the period of
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195862 to 199697. On the other hand, contribution of miscellaneous fish has increased
drastically from 27.1% in 19582 to 63.4 % by 19967 (Vasset al., 2009). Interestingly,
almost during similar period share of catfish species in river Ganga have shown an increase
from 21% to 24.6% (Dey, 1999). Besides, analyzing the population pattern of IMC, the
criteria for the selection of site also includau the basis of less abundance of predators and
congenial aquatic parameters (Chen, 2003). Moreover, in the middle stretches of the river,
fish species landings have widely shifted from major carps and large catfishes to a more
diverse assemblage includirncatfishes, minor cyprinids, shads, croakers and spiny eels
during the period of 1950s and 1960s (Payne et al., 2003). Recent studies indicate that, at
Prayagraj, the yield rate of Indian Major Carp came down from 90.85 ton from6IR&b

27.39 tons fothe present 201456 with a drastic decline in catches of major carps from 38.09

% to 16.04 %However, the catches of smaller species remained at the level of the past with
slight changes in catch composition.

Deteriorated and modified river often helpsoex fishes like Common carp, Tilapia, etc.
which have already established in middle and lower stretch of river Ganga and are
contributing significantly in the total catch. As rising exotic stock of fish trigger severe
menace to the important native Gangapecies like Indian Major Carps and large catfishes
(Jha et al., 2016), therefore care was also taken before hand to avoid ranching in zones with
reported exotics (Roshith et al., 2013). Specieslageorohita (Rohu) was observed to be
relatively hidh in catch percentages in Nabadwip compared to the other three carp species.
However, sites like Balagarh and Barrackpore reflected increased catch amduafteof
calbasut hr oughout the season. Monsoon forms to
the flooding results in breeding in adjacent bays and sheltered areas. In such cases,
contribution of species likeabeorohita andL. calbasumay rise up to 4.55 % and 3.63 %
respectively (Roshith et al., 2013). Production trend of Indian Major Carp (kimgiin

di fferent sites from 19606s to 19906s showed

Major carp is presented below.
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Indian Major Carp landings (avg. t) in different time period of river Ganga (site wise)

Table 8 Indian MajorCarp landinggavg. t) in different time period of river Ganga

Sites 195960 | 196061 | 196162 | 196263 | 196364 | 196465 | 196566 | 196667 | 196768 | 196869 | 197280 | 198190 | 19912000 | 200107 | 201516 201819 201920
Prayagraj 11.7 16.3 19.9 23.5 20.8 28.5 21.4 21.4 16.8 191 31.09 35.82 6.65 NA 16.12 7.08 13.06
Varanasi 2.9 3.6 1.2 0.9 0.9 1.2 3.4 25 1.2 1.2 NA NA NA NA NA NA NA
Buxar 30.4 16.7 NA NA 3.1 2.9 6.7 4.7 13 3.3 2.89 3.25 NA NA NA 43.7 50.9
Ballia 13.4 12 7.4 3.3 7 NA NA 7 6 6.4 NA NA NA NA NA NA NA
Patna 12.7 11.5 17.9 20.6 11.9 12.6 13.5 11.2 8.5 9.2 NA 7.1 NA NA NA 39.4 69.4
Bhagalpur 35 3.7 4.1 6 4.2 6.9 10 7.3 11 9.8 11.7 5.98 NA 0.865 NA 24.8 37.6
Lalgola NA NA NA NA NA NA NA NA NA NA NA 12.876 32.08 NA NA 29.7 40.34

Overview ofclimate change and impact on IMC recruitment

Global rise in atmospheric temperature has led to rise temperature resulting in abnormalities of the heat budget fytemiseErratic
precipitation, severe floods and increase drying of the river ereffthe consequences. Prediction through climate models have indicated rising
trend of mean annual temperature ®#4d in GangaRiver basin up to 2050 (Moors et. al, 2011). Generally, the entire Ganga river basin
receives heavy rainfall (80%) during therjpd from June to September with average of 1200 mm (Nandargi et al., 2018). However, recent
studies have indicated decrease of rainfall by 56% over 133 districts along entire Ganga basin largely due to climg®&echalQ&7).
Natural recruitmentof MC & s i n River 8ystéhia largedy affected by these environmental impacts. It affects the reproductive cycle and
thus resulting in decrease in fish spawning. Studies have indicated that, contribution of wild IMC spawn in the pe20020@%eshown a
decreasing trend (10%) compared to other fish stocks (90%), (Das et al., 2013). On the other hand, considerable slecaez invailability

have been noticed from 78.82 %610 6 s ) t o 3 ¥Wassétdly20qOR 004 ) (
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Catchtrends and production

The important fish species landed from the river Ganga were identified and commercially
important fish grouped as Major carp (IMC), Large Catfish, Hilsa, Exotics and local major
and miscellaneous fishe$otal fish catch of riveilGanga have been estimated during the
study period It was noticed thatotal fish catchor landingfrom river Ganga has increased
from 3796.57 t (201-89) to 4263.55 t (20190). The total fish landing in theiddle stretch

(from Prayagraj to Farrak&jpwe contributedt7.5% of total fish catcturing201920.

1000 - m 2018-19
800 - m 2019-20

Fish Catch (tonne)
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Q‘@

Sampling stations

Fig. 23Catch trends of fish catch from river Ganga
The annual fislyield was observed maximum at Patna (1803.3 kg per km) and minimum at
Bhagalpur (781.5 kg per km). A genuine structural vamaiio fisheries of the river in
different stretches was noticed with major carp domination in Kanpur to Prayagraj stretch.
Similary, the other sites of the river such as Varanasi, Patna and Bhagalpur also showed
considerable variations.
Present average gumtuction of small indigenoussh species and other miscellaneous fishes is
around 30.19 tons. The yield of major carps reduced from 28.2 to 3.26 tons in 1985 with
present scenario of 49.56 tons. Large catfishes showed the maximum increase and were
almostdouble of the sixties (7.34 tones) to 28.02 tons in 1981 with present production 39.5

tons.
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Table 9 Production of major carp and other major varieties of fishes (in tones) from river

Ganga (1962020)
Station Species Name 19751980 19801985 | 20162020
IMC 5.81 14.44 4.03
Catfish 36.36 36.98 9.9
Hilsa 3.42 4.95 0
Buxar Exotic NA NA 196
Misc. 72.6 97.71 13.79
Total 118.19 154.08 47.32
IMC NA 16.51 2.16
Catfish NA 33.87 8.06
Hilsa NA 0.27 0
Patna Exotic NA 0 0.08
Misc. NA 80.03 17.69
Total NA 130.65 27.99
IMC 43.12 22.49 1.98
Catfish 90.39 83.57 6.49
Bhagalpur Hi|S.a 0.72 2.16 0
Exotic NA 0 0
Misc. 191.83 193.94 11.45
Total 326.06 302.16 19.92
IMC 9.18 1.62 1.34
Catfish 19.73 2.11 7.9
Farakka Hi|S.a 45.41 15.98 10.39
Exotic NA 0 0
Misc. 67.51 17.65 25.53
Total 141.83 37.36 45.16
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Rarely recorded fish speciesn river Ganga

Name :Chaca chaca
Kingdom: Animalia,
Phylum: Chordata
Class: Actinopterygii,
Order: Siluriformes
Family: Chacidae:
Genus: Chaca
SpeciesChaca chaca
Location: Bijnor

Name : Erethistes pusillus
Kingdom: Animalia,
Phylum: Chordata

Class: Actinopterygii
Order: Siluriformes
Family: Erethistidae
GenusErethistes
SpeciesErethistes pusillus

Location: Varanasi
B
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§ st

Fig.24a

_- : At
Fig. 24b

Name : Pethia geliugGolden barp
Kingdom: Animalia

Phylum: Chordata

Class: Actinopterygii

Order: Cypriniformes

Family: Cyprinidae
GenusPethia
SpeciesPethiagelius

Location: Bijnor

Name : Glyptothorax garwali

Kingdom: Animalia

Phylum: Chordata

Class: Actinopterygii

Order: Siluriformes

Family: Sisoridae

GenusGlyptothorax

SpeciesGlyptothorax garwali
ion: Harid
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Fig. 24c

Name : Opsarius tiledray-finned fishe¥
Kingdom: Animalia

Phylum: Chordata

Class: Actinopterygii

Order: Cypriniformes

Family: Cyprinidae

Genus:Opsarius

SpeciesOpsarius tileo

Location: Bijnor

Name :Bengala elanggBengala barb)
Kingdom: Animalia

Phylum: Chordata

Class: Actinopterygii

Order: Cypriniformes

Family: Cyprinidae
Genus:Megarasbora
SpeciesMegarasbora elanga
Location: Bijnor
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Fig. 24e

Fig. 24f

Name : Oreichthyscosuatis
Kingdom: Animalia
Phylum: Chordata

Class: Actinopterygii
Order: Cypriniformes
Family: Cyprinidae
GenusOreichthys
SpeciesQOreichthys cosuatis
Location: Bijnor

Name : Glyptothoraxdakpathari
Kingdom: Animalia

Phylum: Chordata

Class: Actinopterygii

Order: Siluriformes

Family: Sisoridae
GenusGlyptothorax
SpeciesGlyptothoraxdakpathari
Location: Haridwar
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Fig. 249

Fig. 24h

Fig. 24a-h New record of fish species at specific stretch of river Ganga

New maximum length record of fish species

Name : Securiculagora
Kingdom: Animalia, Phylum: Chordata
Class: Actinopterygii

Order: CypriniformesFamily: Cyprinidae
Genus:Securicula

Speciesgora

New length recorded:28.2cm

Length on fishbase:24.5cm

Name :Johnius coitor (Coitor croaker)
Kingdom: Animalia, Phylum: Chordata
Class: Actinopterygii, Order: perciiformes
Family: Sciaenidae:

Genus:Johnius

Speciescoitor

New length recorded:16.9cm

Length on fishbase:16.0cm

Fig. 25a

Fig. 25b

Name : Corica soborna(Ganges river sprat)
Kingdom: Animalia, Phylum: Chordata
Class: Actinopterygii, Order: Clupeiformes
Family: Clupeidae: Genu€orica
Speciessoborna

New length recorded:8.2cm

Length on fishbase:5.3cm

Name : Gogangra viridescence
Kingdom: Animalia, Phylum: Chordata
Class: Actinopterygii, Order: Siluriformes
Family: Sisoridae: Genu&ogangra
Speciesviridescence

New length recorded:11.2cm

Length onfishbase:8.5cm
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Fig. 25d

Fig. 25a-d New maximum length record of fish species

Exotic fishes of river Ganga
Eight exotic fish species namelyHypophthalmichthymolitrix (Silver carp)

Hypophthalmichthys nobiligBig head carp) Ctenopharyngodonidella (Grass carp)
Cyprinus carpio (Common carp) Cyprinus carpio var. specularis (Common carp),
Pterygoplichthysdisjunctivus (Vermiculated sailfin catfish)Clarias gariepinus (African
SharptoothCatfish, andOreochromis niloticugNile tilapia) were recordeduring the study
period Maximum landing of the exotic fish species has been recorded fromitidie
stretchof the river extending frorivaranasito Buxar. Few of the sites nameBjjnor (U.P.),
Berhampore (W.B) and Balagarfw.B) have also been observed as an andabited
byexotic fish species. Overall Repeatabilitydex of Common carp and Tilapia in river
Gangawerecalculated a26.8 and 24.09 respectivelythe middle stretchedMaximum
annuallnvasive Index (Ix) of both common carp and Tilapia with respect to other native
riverine fish species (N)were 0.28 and 0.15 respectively indicating that the invasion has
moderately impacted the biodiversity. Sudden landing of common EnpriGus carpio
communi} from river Ganga at Patna was noticed during monsoon monthsAudglyst),

2019 with an estimated landing of 2.16 tonnes.
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Salientldentifying Characters of Exotic fishesRecordedfrom Ganga

riversystem
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Fig. 26 Cyprinus carpig(Linnaeus]1758)

Body robust, more oeks compressed, abdomen rounded
Mouth small, terminal and prasible; lips thick and fleshy

Dorsal fin very long with 3 spines and @820 raysgdorsal spine stout and serrated
Caudal fin deeply emarginated

Lateral lire straight with 30 to 40 scales

Colour: Sides of the body goldsellow, fins tinged with reddish or golden

Exotic carp

©NOoO O~ WNE

Fig. 27 Cyprinus carpiovar. Specularis(Linnaeus, 1758)

1. Varieties of common carp
2. Body partially covered with scales

Fig. 28 Hypophthalmichthys nobilié@ichardson, 1845)
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Barbels 2 pairs, one pair each of rostral and maxillary;lfagxpair longer than rostral
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Body stout and compressed

Head large, snout short and broad

Mouth terminaland oblique

Abdomen round, postental part of abdomen with a keel

Dorsal fin short, inserted behind origin of pelvic fins. &mrwith 9 finrays (7
branched)

Anal with 14 fin rays (11 branched)

Scales small, lateral line with 115 scales

Fig. 29 Hypophthalmichthys molitrig/alenciennesl1844)

Abdomen strongly compressed with a sharp keel from throat to vent

Mouth terminal, lower jaw slightly longer than upper

Barbel absent

Dorsal fin short, inserted behind pelvic fins, or above tip of pectoral finswith 10
(7 branched)

Anal fin with 14 to 17 rays(12 to 14 branched)

Scales small, lateral line with 110 to115 scales

Body silvery white, fins dark. Body with some red spots

Fig.300reochromis niloticugValenciennes,1844)

. Jaws equal; mouth does not reach vertical from anterior border of eye; outer teet
rather broad,

. 3 rows of scales on cheek

. Scales cycloid; pectoral fin pointed; pelvic, dorsal and anal fins blunt

. Caudal well scaled
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Fig. 31PterygoplicthydisjunctivugWeber, 1991)

Head is covered with strong bony casingyrauoccipital process is absent

The caudal fin is emarginated in nature, attributed by extended lower lob

subsguently pointed at the terminal

3. Body is covered with tuff and largeony plates with small spinextending over
lateral line (29)

4. The dorsal surface of the head exhibits dark vermiculation while the entire body

N =

Fig. 32Clarias gariepinus(Burchell, 1822)

Slender bodiedarge eelike, aflat bony head

Terminalmouth with four pairs of barbels

Usually of dark gray or black coloration on the back, fading to a white belly

A large, accessory breathing organ composed of modified gill archegtt@npectoral
fins have spines
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Invasion index of exotic fish species on native fish fauna w¥er Ganga
Table. 10invasion Index of exotic fish species on native fish fauna of river Ganga

Sl Sites Index value Remarks Index value (x) Remarks
no. (Ix) Tilapia
Common
carp

1. | Haridwar 0.06 Less impacted - -
2. | Bijnor 0.09 Less impacted 0.002 Less impacted
3.| Narora 0.07 Less impacted 0.06 Less impacted
4. | Farrukhabad 0.16 Less impacted 0.28 Less impacted
5.| Kanpur 0.40 Moderately 0.60 Moderately impacteo

impacted
6.| Prayagraj 0.85 Moderately 0.28 Less impacted

impacted
7.| Varanasi 1.73 Highly impacted 0.45 Moderately impacteo
8.| Buxar 1.25 Highly impacted 0.21 Less impacted

Potential impact of common carp (exotic fish species) on native fish fauna of

river Ganga

Tehri Lake having the surface areb4200 ha is situated at Garhwal region of Uttarakhand,
t he

l ndi a,

the Bhagirathi and Bhilangana rivers. Catch data collected from twmépodntres of Tehri

lake namelyDobrachatti and Tipri revealed that catch composition comprises of mainly two
species i.e.JTor putitoraand Cyprinus carpio Landing data shows that average peragat
composition of Golden mahseer is higher (69.40%) aspeoal to common carp (30.59%).

This might be due to the usage of more numbers of fishing net for Golden mahseer. Mean
catch per unit efforts (CPUE) is significantly more (P<0.05) (18.33+6.06 kg/hr/boat) for

whi ch i

S

f or med

after

common carp as compare to CPUE of Golden mal{$2e22+3.07 kg/hr/boat).

Likewise, Cyprinus carpiowas observed to be the most dominating fish species encountered
from the river stretch of Balia and Buxar reflecting overwhelming dominance with 33.85%
(avg.) by weight of the total catch. The annaa¢rage yield per day was estimated 19.17 kg
day?, which is almost at par with the yield from Prayagraj stretch (Tripathi et al., 2017). The
species was confronted in all three seasons with its peak extending from August to November
during which the catchay rise up to 43.67%. The population of the catch was dominated by
the size range of 20:32.4cm. In analogy with the indigenous fishes, almost proportionate
contribution of common carp was noticed in the year 2017 (30.07%) and 2018 (29.06%)
while sharpincrease of 13.38% in common carp landing was observed in 2019 (42.44%) in
comparison to the preceding year. The invasion index of common carp indicated moderate

impact of the exotic in the stretch with the average value of 1.25 during222D7
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Fig. 33 Common carp at Tehri Lak, Fig. 34Common carp haulatBuxar, Bihar
Uttarakhand
Correlation between selected parameters and C. carpio productions
A correlation was established between the exotic carp production and water quality
parameters (>0.75 posié or negative). Therefor@jne environmentavariables viz.water
temperaturedepth flow, turbidity, dissolved oxygenbiochemicaloxygendemand salinity,
total phosphatandtotal nitrogenwere selectedo correlate withC. carpio production and
distributionin the study area. TablEL depicts that four parameters vizater flow; BOD,
salinity and total phosphatare the major influencing factors f@. carpio seasonal catch.
Positive correlation with BOD and TP is a clear intma intherole of anthropogenic
pollution behind common carp abundané¢igher abundance of common carp during
monsoon might be due to its bottom dwelling habitdl also foundess impacted by increased
flow in monsoon.Negative correlation with salinitgan also be contributed to the higher

abundance in monsoon when salinity is lower
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Tablel1l. Major influencing factors fo€. carpioseasonal catch variations

Water| Depth | Flow | Turbidity | Dissolved| Biological | Salinity | Total Total
Temp Oxygen | Oxygen Phosphat¢ Nitrogen
Demand
C. 0.49| -0.29 [ 0.67*| 0.33 -0.31 0.73* -0.78* 0.82* 0.09
carpio

* Marked correlations are significant at p <.05

Length class and season wise availability of Common carp and Tilapia in
river Ganga

x  Distribution and availability inRiver Gangaof C. carpio
Among all other invasive carps reported from the river, common carp is the most
ubiquitous as it is recorded in almost all the sites of middle stretch (Uttar Pradesh and
Bihar) of the river throughout the year.

x Maximum lengthrecordedof C. carpio
79.5 cm (TL) [ ; wt. 8.0 kg) during post monsoon months from Prayagraj (December,
2019)
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Fig. 35 Length class frequency distribution of|  Fig. 36 Season wise (%) Juvenile
carpio available in river Ganga availability of C.carpioirriver Ganga

x Length weight relationship
During the period of investigation, a total of 338 representative sampl€ypinus
carpio having size range of 919.5 cm(TL) were collected from the study site to assess
L WR. The estimated O6bdé6 value 1is within the

(Froese, 2006) exhibiting its isometric growth pattern in the river.
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Fig. 37Length weight relationshipf Cyprinus carpio

x Length class and juvenile availability in river Ganga

The available length class Glyprinus carpioin the middle Ganga resides between-150

570 mm with maximum abundance from 2380 mm indicating its wide range of the

fishsize. Highest abundance Gf carpichas been confronted mostly during monsoon

season from the entire stretch. Kanpur to Buxar zoseskhibited maximum availability

with 33% (avg.) round the year.
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Fig. 38 Season wise distribution ©f carpiojuveniles in different sites of Ganga
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Nile Tilapia (©reochromis niloticusis a major threat to the Ganga River System. The
species was introduced in India as an important aquaculture fish serving as important food
fish due to its fast growth and wide environmental tolerance. The species has established its
population in the river system and contributes about 7% of the teltdiinding in the middle

stretch.

x  Distribution and availability in River Gangaf Tilapia:
The Tilapia is reported to be distributed in the freshwater habitats like lakes, ponds and
irrigation channel. The species is reported Haridwar to Buxar availatdegtiout the
year.

x  Maximum length recorded of O.niloticus:

44.5 cm (TL) (1I; wt . 1.268 kg) during post
2018)
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Fig. 39 Length class frequency distribution of Fig. 40 Season wise (%) Juvenile availability
O. niloticusavailable in river Ganga O. niloticudn river Ganga

x Length weight relationshipf Tilapia
During the period of investigation, a total of 245 representative sampl@s mfoticus
having size range df4-44.5 cm (TL)were collected from the study site to assess LWR.
The estimated 6ébd value is within the expe

2006) exhibiting its isometric growth pattern in the river.
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Fig. 41 Length weight relationship @reochromisiiloticus

x Length class and Juvenile availabilitgf Tilapia in river Ganga:

O. niloticus reaches sexual maturity is a63months depending on temperature, and attains
weight about 30 g. As reported, reproduction occurs only when temperatures are°@er 20
The dominant length class ©f niloticusin Gangais 20260 mm. Maximum abundance of
Tilapia juveniles have been confronted during monsoon months from Farrukhabad to

Prayagraj.
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Fig. 42 Season wise distribution ©f niloticusjuveniles in different sites of Ganga
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Assessment of biotic integriyndex of Biotic Integrity)

Investigation was conducted along 2515 km stretch of the main channel of the river Ganga
for assessment of the Index of biotic integrity (IBI) (Karr, 1981) during in sixteen
sampling sites viz., Bijinor (S1), Narora (S2) Farrukhabad (S3), Kg®#)r Prayagaraj (S5)

and Varanasi (S6) in the upper stretch, Buxar (S7), Patna (S8) and Bhagalpur (S9) in the
middle stretch and Farrakka (S10) Berhampore (S11), Balaghar (S12) and Triveni (S13) in
the lower stretch, Godakhali (S14), Diamond harbour XS&bd Fraserganj (S16) in the
estuarine stretch of the river. Following the method applied for the central Indian rivers
(Ganasan and Hughes, 1998) where the most desirable metric values obtained at the least
disturbed site was used as the reference tiondiThe metrics adapted were based on the
modifications successfully tested in tropical and sub tropical rivers Mexico, Namibia,
Venezuela and India (Lyons et al., 1992; Hocutt et al., 1994; Gutierrez, 1994; Ganasan and
Hughes, 1998; Das and Samanta,6)00

Tablel12. Parameters used in assessment of fish communities from the original IBI and
corresponding metrics adapted for the study in river Ganga

Original metrics Adapted metrics
No. of fish species No. of native species
No. of native families
No. of intolerant species No change
No. of darter species No. of Demarsalspecies
No. of sunfish species No. of Pelagic fishes species
No. of sucker species No. of Benthopelagic fishesspecies
% of individuals as Green sunfish % individual as tolerargpecies
% of individuals as omnivores No change
% of individuals as invertivores % individual as herbivores
% of individuals as piscivores % individual as Carnivore
No. of individuals No change
% of individuals as hybrids No. of Moderate species

Table13. Criteria for scoring of IBI for river Ganga

Traditional scoring criteria
Category | Metric
5 (best) 3 1 (worst)

Taxonomic | No. of native species >80 40-80 <40
richness | No. of native families >30 15-30 <15
Pelagicfishes >10 5-10 <5
Habitat | Benthopelagic fishes >44 22-44 <22
composition| Demarsal fishes >36 18-36 <18
No. of intolerant species >24 12-24 <12
No. of Individuals as tolerant >30 15-30 <15
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species
No. of Individuals as >36 1836 <18
Moderate species

No. of Individuals omnivores >30 1530 <15
Trophic No. of Ind_iv_iduals herbivores >30 1530 <15
composition No. Qf Individuals top >40 20-40 <20

carnivores
Totalno. of Individuals >80 40-80 <40

IBl and IBI metrics

The number of native species and families in the reference siteresthan tha observed in

the stressed zomdl 1Bl metrics showed high values at sites 1 and 2 with high habitat
quality. Site 6, 7, 8 and 13 showed the high values only occurred whéat ftplality was

high. Data for number of native adults appeared unrelated to habitat quality. The remaining
metrics increased constantly with increased habitat quality. The trophic composition of the
fishes also showed significant alteration in the se@ssites. The metric percage of
individual as omnivores, carnivores and herbivores decreased in sites S5, S6, S9 and S14
compared to the reference sites. The IBI is lower at the sites S13, S14 and S15 which are
disturbed. The qualitative evaluationtbe IBI at the six sites indicatehat lower stretch of

river Ganga from Sitel3 to Siteféundto be Impaired and upper stretch sites S 1, S 2 and
middle stretch S10 to be acceptable.

FISHING METHODS OF RIVER GANGA AND ASSOCIATED SUSTAINABILITY

ISSUES

Fishing methods followed in a particular stretch of a river depend on the habitat condition
and targeted fish species among the available fish species in the area. SumeryGanga

has revealed huge diversity of fishing methodsshing gearswhich are categorically sub

divided under different heads depending upon their mode of operations as given below.

Classification of fishing gears observed in river Ganga

Subdivisions of the recorded fishing gear have been performed depending upon their
operatonal methods\{on Brandt, 1984 A total of 82 different types of fishing gears were
recorded from entire stretch of river Ganga,which can be divided into the following 12 broad
groups as given below. Maximum diversity was recorded in case of Gill netyd@$),
followed by Fishing traps (18 types) and bag nets (12 types). A total number of 26 different

types of baits under 07 categories were recorded in flsféng. Among those baits,
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earthworm and smadllized prawns were observed to be ubiquitous. Varieties of fish
species and four types of inseaised as bait are found to be prevalent for catching

carnivorous fishes. Five specially modified indigenous types of bait moulded with fish

attractants were also documented.

Table 14. Categorization ofishing methods of river Ganga

Sl. Category Sl Category

1. | Without gear (1 type) 7. | Gill netting (26type9g

2. | Grappling and wounding gear (4 types) 8. | Drive-in net (2 types)
3. | Stupefying devices (1 type) 9. | Falling gear (2 types)
4. | Line fishing (7 types) 10. | Lift nets (3 types)

5. | Fishing trap (18 types) 11. | Bag nets (12 types)

6. | Arial Fishing trap (1 type) 12. | Dragged gear (5 types)

Tablel5. List of fishing methods afiver Ganga

Sl. Category Sub-category Local name
1 Without
gear
la Mudskipperfishing by hand Dakur maachdhora
2 Grappling
and
wounding
gear
2a Curved metal rod to catch mud crab Sink/Beri
2b Bamboo tongs to catch mud crab Chimtey
2C Multi-pronged bamboo spear Ballam
2d Multi-pronged metallic spear Kand
3 Stupefying
devices
3 Chemical stupefying Bis diyemaachdhora
4 Line fishing
da Line without hook Sutiaara
4b Hand lines, single hook Hat Borshi
4c Set line with 7 hooks TukaFeka
4d Bottom set long lines, multiple hooks Hajari Bansi
4e Pole and line fishing, single hook BonshiChhip
4f Pole and line fishing hooks Borshi/Bonshi
4qg Set line from small twigs Nolborshi
5 Fishing
with
Fishing
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traps

5a Brush Fishing trap Komor
5b Barrier Fishing trap Chaurpata/Khalpata
5C Box Fishing trap Truncated cone Duar
5d Box Fishing trap rectangular cuboidal Ghuni
5e Box Fishing trap rectangular cuboidal Pizara
5f Box Fishing trap Barrel shaped Dhol britti
5¢ Box Fishing trap Truncated cone Jhangi
5h Box Fishing trap Cylindrical Dhol duar
5i Box Fishing trap Half cylindrical Britti
5] Box Fishing trap Cylindrical Aanta
5k Box Fishing traplarge cylindrical Duari Britti
5l Box-Fishing trap Dome shaped Pinjra
5m Box Fishingtrap-Domru shaped ChakJaal
5n Box Fishing trapDomru shaped Gogh Jaal
50 Box Fishing trapDouble domru shaped |ChakJaal
5p Box Fishing trap Extended cylindro conical|Aarsi
59 Box Fishing trap cylindro-conical Woka
5r Box-Fishingtrap-cuboidal, net made JhingaJaal
6 Arial
Fishing
trap
Arial Fishing trap ThoopalJaal
7 Gill netting
Drift Gill neti 32mm mesh AungthasiJaal
Drift Gill neti 20-30 mm mesh FaslaJaal
Drift Gill neti 25mm mesh Sutri Jaal
Drift Gill neti 26mm mesh Vachaili Jaal
Drift Gill neti 18-26mm mesh Piyali Jaal
Drift Gill net i 30-35mm mesh ChelwaJaal
Drift Gill neti 95-122mm mesh BekraJaal
Drift Gill neti 126mm mesh BhashaJaal
a.|7a Drift Gill neti 100220 mmmesh Cot/SeleJaal
b. [7b Drift Gill neti 200-220 mm mesh Songaila Jaal  for
Bagarius
C. |7c Drift Gill neti 220 mmmesh DaakKeleJaal for IMC
d. |7d Drift Gill neti 210 mmmesh Pangas Jaal
e. |7e Drift Gill net - 170 mm mesh Chapa Jaal
f. |7f Drift Gill net - 160 mm mesh Dora Jaal
g. |79 Drift Gill net - 115 mm mesh CurrentJaal
h. |7h Drift Gill net - 95120 mm Chinese Jaal
i |7i Drift Gill net - 80-100 mm mesh for IMC  |[Naga Jaal
. |7 Drift Gill net - 80 mm120 mm mesh FashJaal
k. |7k Drift Gill net - 60-105 mm mesh Bhola/Fans jaal SataJaal
Phasa, Hilsa
l. |71 Drift Gill net - 4550 mm mesh PhasaJaal
m.|7m Drift Gill net - 40-46 mmmesh Bhola Jaal
n. [7n Drift Gill net - 40- 50 mmmesh Fasla/Current/Nagin
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Jaal/Patti jaal/ Dharmt
Jaal

0. |70 Drift Gill net - 40-110 mmmesh Hilsa Jaal
p. |7p Drift Gill net - 37 mm mesh Vacha/Ghouralaal
g.|7q Drift Gill neti 30-60 mmmesh Tilantare  JaalKetak
Jaal
r. [7r Drift Gill net - 20,26,28,30 mnmesh TopseJaal
S. |7s Drift Gill neti 22 mmmesh ChalhatiJaal
t. |7t Drift Gill net - 20 mm mesh ChelaJaal
u. |7u Drift Gill net - 14-26 mm mesh KhoyraJaal
V. [TV Drift Gill net - 18 mm mesh KhorsulaJaal
W. 7w Drift Gill net - 18- 34 mm mesh Piyali/Raikhoira/Puti
Jaal
X. |7X Drift Gill net - 14-25 mmmesh Pituli  bele JaalGule
JaalAilia coila Jaal
y. |7y Drift Gill net - 16-18 mm mesh Kukri Jaal
z. |7z Drift Gill net - 1520 mm mesh FaslaJaal
8 Drive-in net
8a Drive-in net Chilwan
8b Drive-in net KhuncheJaal
9 Falling gear
9a Cast net FekkaJaal, Kheplajaal,
Jhiguri jaal, Fekuajaal,
9b Coneshaped falling gear Chal jaal
10 Lift nets
104 Hand lift nets Jhatkajaal
10b Mechanized lift nets (fixed) Gyanravessal
10c Mechanized lift nets (boat installed) Noukavessal
11 Bag nets
1la Scoop nets without handleiycular Gunri jaal
11b Scoop nets with handle Chhekunjaal
11c Skimming net Thelajaal
11d Skimming net Hatujaal
1le Skimming net Dhebtijaal
11f Small bag net, fixed type Chingri jaal
11g Dragged scoop net, rectangular Meenjaal
11h Multiple bag net Kona jaal
11i Large bag net, surface set Thor jaal
11j Large bag net, bottom set Beentijaal
11k Large bag net, with barrier (Stow net) Patan jaal
111 Closable bag nets Sanglajaal
12 Dragged
gear
124 Small shore seineith zero mesh net Chotijaal
12b Large Shore seingith zero mesh net Ber jaal
12c Boat seine with zero mesh net Chot jal, Masahri Jaal,

Mahajal
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12d

Boat seine witmeshed net

Ghaar jaal, Chelhwar
Jaal, ChhantaJaal, Jholi
jal, Ghai jal, Samiya jal
Saraila jal, Ghai jal,
Ghanalijal

12e

Bottom trawl

Katni jaal, Moi jal

Table16. Station wise distribution of fishing gearalong with major target species (upper and
middle stretch, Haridwar to Varanasi)

District/ | Type of | Local Name | Mesh Target Species
Centre Gear Size
(mm)
Haridwar |Gill net |Current Jaal | 80- 160 |Tor putitora Schizothoraxichardsonii Siloniasilondia,
Glossogobiugiuris, Cyprinus carpio
Castnet |FekkaJaal 20- 40 |Tor putitora LabeodyocheilusBotialohachata Cyprinus
carpio
Bijnor Gill net |Patti Jaal 40 Labeorohita, Cirrhinus mrigala, Salmophasidacaila Labeo
Current Jaal | 20-120 |dyocheilusPuntius saranaGonialosamanminaWallago
TilantareJaal| 4060 |attu, Cabdiomorar, Tor putitora
Cast net [FekkaJaal 20- 40 |LabeodyocheilusTor putitorg LabeodyocheiluCyprinus
carpio.
BulandsahaGill net |FaslaJaal 20-120 |Cirrhinusreba Labeobata, Cirrhinus mrigala, Salmophasia
(Narora) bacaila Labeoderq Labeorohita, Cabdiomorar, Wallago
Mosquito Jaa 01 attu, Notopterushotopterus
Farrukhaba(Gill net |SataJaal 30-80 |Labeorohita, Wallago atty Mastacembeluarmatus
FaslaJaal 20-100 |Cirrhinus mrigala, Labeobata
Current Jaal | 30-140
Cast net |[FekuaJaal 20-40 |Wallago atty Rita rita, Bagariusbagarius
Drag net|Chelhwari 40-80 |Wallago atty Rita rita, GungunaCyprinus carpio
Jaal
Kannauj Gill net |Ketaki Jaal 30-50 |Labeorohita, Mastacembeluarmatus Cirrhinus mrigala,
DharmuJaal | 40-60 |Labeocalbasu
Current Jaaal 40-120
Kanpur Drag net|ChhantaJaal 50 Rita rita, Wallago atty Cyprinus carpig Speratasp., Mystus
Chelhwari 20-60 |[sp.
Jaal
Gill net |Currentjaal | 30-120 |Labeorohita, Mastacembeluarmatus Cirrhinus mrigala,
FaslaJaal 20-120 |Labeobata
Cast Net|FekkaJaal 20-40 |Speratasp., Mystusspp, Wallago atty Rita rita, Bagarius
bagarius
Unnao Cast Net|Jhiguri Jaal 20 Speratap., Mystuspp, Wallago atty Rita rita,
Bagariusbagarius
Fatehpur |Drag Net/Jholi Jaal 20-50 |Rita rita, Wallago atty Cyprinus carpio Speratasp., Mystus
GhaiJaal 20-40 |spp
Gill net |SataJaal 50 Labeorohita, Mastacembeluarmatus Cirrhinus mrigala,
FaslaJaal 20-160 |Labeobata
Cast Net|Jhiguri Jaal 20-40 |Speratasp, Mystusspp., Wallago atty Rita rita, Bagarius
bagarius
Kaushambi |Drag Net/Ghai Jaal 20-40 |Wallago atty Cyprinus carpio Ritarita, Bagariusbagarius
Speratasp., Mystussp, Cirrhinus mrigala
Jholi Jaal 30-50
Samiya Jaal | 20-60
Prayagraj |Drag Net/SarailaJaal 20-40 |Wallago atty Cyprinus carpig Rita, Gonch,Speratasp.,,
GhaiJaal 20-30 |Mystusspp., Cirrhinus mrigala
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GhanaliJaal 20-30

MahaJaal 20-40

Gill net |Current Jaal | 20-120 |Labeobata Cirrhinusreba, Cirrhinus mrigala, Clupesoma
garua, Eutropiichthysvacha Labeorohita, Mastacembelus

armatus
MosquitgMasahriJaal 01 Cabdiomorar, Cyprinus carpio
Net
Mirzapur |Fishing |Evert pattern| 4 & 0 |Prawn,Cabdiomorar Rhinomugilcorsula
trap Jaal

Drag Net/ChantaJaal Rita rita, Cyprinus carpio Speratasp.,Mystusspp.,Wallago

40
SarailaJaal 3 &b 0 |attu, Cyprinus carpio
GhaiJaal 2380
MosquitgMasahriJaal 0 1 |Cabdiomorar, Cyprinus carpio

Net

Gill net |CurrentJaal | 2 @1 2 (Labeobata Cirrhinusreba Clupesomajarua Eutropiichthys
vacha Cirrhinus mrigala, Labeorohita, Mastacembelus
armatus

Varanasi |Drag NetiMahaJaal Rita rita, Wallago atty Cyprinus carpio Notopterus

1
SaraulJaal 2 notopterusBagariusbagarius

5]
9]
Ghanaili Jaal 20
o

Gill net |ChoteJaal 2 &1 0 |Labeobata Cirrhinus mrigala, Speratasp.,, Mystusspp.,
FaslaJaal 6 a 2 (Tilapia, Clupisomagarua, Eutropiichthysvacha
MosquitogMashahriJaall 0 1 |Cabdiomorar, Tilapia,Cyprinuscarpio, Cyprinus carpio

Net
Machhardani 01
Jaal
Cast Net|Jhiguri Jaal 2 68 0 |Speratasp., Mystusspp, Wallago atty Rita rita, Bagarius

bagarius

Tablel7. Station wise distribution of fishing gear along with major target species (lower and
estuarinestretch, Buxar to Frasergan;)

District/ Type of Local Name Mesh Target Species
Centre Gear Size
(mm)
Hook & line|TukaFeka - IMC, Common carpQyrinuscarpio)
fishery
Gill net Chalhati jaal 22 |Gudusiachaprg Gonialosamanmina
Drive-in Chilwan 01 |Miscellaneous freshwater fishes of varying size
gear length
Lift net Chitwa jaal 5-6 |Rhinomugilcorsula
Fishing trap/Woka 01 Prawns Macrobrachiumsp.)
Boat seine |Ghar 01 |Small and large catfishes, Eels etc.,
Drag nefi |Ber/chat jaal 01 Miscellaneous freshwater fishes of varying size
Shore seing length
Buxar Gill net Faslajaal 140 |Wallago attu, Speratap, L. calbasu
Gill net Bekrajaal 20-30 |Clupisomagarua, E. vacha
Gill net China jaal 95-122 |Cyprinuscarpio
Gill net Chalhatijaal 22 |O. cotio, Puntius sophore, S. phasa.
Gill net Songailajaal 100-150 |IMC and Large catfishes
Cast net |Jhingura 65 |Cyprinus carpio
Gill net Aungthasijaal 32 |Gudusiachapra, M. pancalustc.
Fishingtrap |Jhangi (1.5*1 ft) - Speratasp.,Mastacembeluarmatus Rita rita
Hook & line|Banshi - Rita rita, Speratasp., etc.
Gill net Bhasha jaal 126 |IMC, NotopterusotopterusBagariusbagarius
Patna Gill net Dora jaal 160 |IMC, Bagariusbagarius,Speratap.
Gill net Sutrijaal 25 |Ailia coila
Gill net Bekrajaal 25-38 |Clupisomagarua
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Gill net Vachailijaal 26 |E.vacha
Gill net Gochailjaal 140 |IMC, Chitala chitala, Notopterusotopterus
Drag nefi  |Ber/chat jaal 01 |Miscellaneous freshwater fishes of varying size
Shore seine length
Fishing trap|Pinjra -- Puntiusspp.,M. armatusetc.
Fishing trap|/Aarsi -- Small Indegenous Fishes (SIF), prawn etc.
Fishing trap/Jhingajaal -- Freshwater prawn
Hook & line|Banshi -- Channaspp.,Rita rita, Speratasp., etc.
Gill net Current jaal 55 |Rohu,Rita rita, Speratasp.,L.calbasu
Bhagalpur |Drag nei  |Ber/chat jaal 01 |Miscellaneous fishes of varying size length
Shore seine
Gill net Current jaal 105 |Rohu, Catla, Mrigal an@albasu
Gill net Current jaal 15 |P. atherinoidegAilia coila, X. cancilaetc.
Gill net Chelwajaal 30-35 Crossocheliugatius, O. cotig Gudusiachapraetc.
Fishing trap Dholbitti (3*2 ft) -- Macrobrachiumsp.,Rita rita, E. vacha
Hook & line|Barshi -- Mastacembeluarmatus, Wallago attu, Chanrspp.,
Rita rita, Speratasp., etc.
Fishing trap|Britti (1.5*2 ft) -- Macrobrachiumsp.,Mystussp.,Speratasp., etc
Gill net Pangas jaal 150-200 [Pangasius pangasiutarge catfishes
Gill net Naginjaal 45 |Clupisomagarua, E. vacha, Siloniasilondia
Gill net Ghaurajaal 2540 |Clupisomagarua, E. vacha
Gill net Piyali jaal 1826 |Cabdiomorar, Johniusoitoretc.
Farakka  [Gijll net Hilsa jaal 55-110 |Tenualosdlisha
Gill net Kukri jaal 10-12 |Glyptothoraxtelchitta
Bag net Dhebtijaal 20-30 |Tenualosdlisha
Bag net Kona jaal 80- |IMC, Pangasius pangasiuBagariusbagarius
Upper;30|Sperataspp.
end
Bag neti  |Sanglajaal 75110 |Tenualosdlisha
Purse type
Fishing trap|Duar (3.6*3.5 ft) Macrobrachiumsp.,Mystussp., Speratasp., etc.
Drag nefi  |Katni / Moi jaal 12-21 |Freshwater prawrGlossogobiusgiurigtc.
bottom
trawl
Drag neti |Ber/chat jaal 01 |Miscellaneousreshwater fishes of varying size
Shore seing length
Fishing trap|Duar (3.6*3.5 ft) -- Macrobrachiumsp.,Mystussp.,E. vachagtc.
Fishing trap|Ghooni -- Macrobrachiumsp.,Mystussp.M.armatusetc.
Fishing trap|DuariBritti -- Macrobrachiumsp.,Mystussp.,M. armatus ,Gagatg
spp.etc.
Hook & line|Barshi -- Mastacembeluarmatus, Wallago attu, Chanrspp.,
Rita rita, Speratasp., etc.
Gill net Ghaurajaal 20-40 |Clupisomagarua, Eutropiicthysvachaetc.
. Gill net Hilsa jaal 55110 |Tenualosdlisha
Jangipur  (Gill net Songaila jaal 100-150 |Bagariusbagarius
Gill net Piyalijaal/Rai 18- 34 |Cabdiomorar, Cirrhinusreba Puntiusspp.
Khoira/ Putijaal
Gill net Puti jaal 18-20 |Puntiusspp.,Macrognathugpancalusetc.
Gill net Pangas jaal 150-200 |Pangasius pangasiutarge catfishes
Drag nefi  |Ber/chat jaal 01 |Miscellaneous freshwater fishes of varying size
Shore seine length
Fishing trap/Duar -- Macrobrachiumrosenbergii
Fishing trap|DholDuar -- Prawn,Wallago attuetc.,
Hook & line|Barshi -- Mastacembeluarmatus, Wallago attu, Chanrspp.,
Rita rita, Speratasp., etc.
Rejinagar |Gill net Hilsa jaal 5590 |Tenualosdlisha
Gill net DaakKeleJaal 22-30 |IMC, Large catfishes
Gill net Piyali jaal/Rai 18 34 |Cabdiomorar, Cirrhinusreba Puntiussp.
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Khoira/ Putijaal

Drag nefi  |Katni / Moi jaal 12-21 |Freshwater prawrGlossogobiugiuris etc.
bottom
trawl
Hook & line|Nolborshi -- Channasp.
Hook & line|Barshi -- Mastacembeluarmatus, Wallago attu, Ritata, etc.
Fishing Brush Fishing trap IMC
Nabadwip |traps (Komorjaal)
Fishing trap/Ghuni - |Prawn
Gill net Hilsa/ Chadi jaal 5590 |[Tenualosdlisha
Gill net Fashjaal 125140 |IMC, Large catfishes
Falling gear/Cast net (Kheplajaa| 40-50 |Puntiusspp.,Macrognathusgpancalusetc.
Falling gear|Chabajaal 80-100 |Indian Major Carps (IMC)
Drag net |Shore seineBer 01 |Miscellaneous freshwater fishes of varying size
jaal) length
Stupefying |Fishing with poison |- Prawn
devices
Hook & line|Barshi - Mastacembeluarmatus, Wallago attu, Chanrsgpp.,
Rita rita, Speratasp., etc.
Gill net Fashjaal 80-140 [IMC, Rita rita
Gill net Hilsa/Dholi jaal 80-110 |Tenualosdlisha
Balagarh |Gill net Ghaurajaal 30-40 |Clupisomagarua, E. vachatc.
Gill net Chela jaal 12  |Salmostomdacaila
Gill net Gulejaal 14-20 |Apocryptedato
Cast net |Kheplajaal 30-35 [Miscellaneous
Bag net Patanjaal 70 |IMC, Pangasius pangasiy¥enualosdlisha
Drag nefi  |Katni / Moi jaal 12-21 |Freshwater prawrGlossogobiugiuris etc.
bottom
trawl
Stupefying |Fishing with poison -- Prawn
devices
Hook & line|Multiple hooks -- Clupisomagarua, Bagariusbagarius
Triveni (Hajari borshi)
Arial Thoopajaal 5-6 |Rhinomugilcorsula
Fishing trap
Gill net Hilsa/Chadi/Dholi 55-110 |Tenualosdlisha
jaal
Gill net Ghaurajaal 3040 |Clupisomagarua, E. vachatc.
Gill net Ghaura/Vachajaal 37-40 |Eutropiichthysvacha
Gill net KhorsulaJaal 18 Rhinomugilcorsula
Gill net Gulejaal 25 |Apocryptesato
Setbarrier |Char ghera 01 Pangasius pangasius, Lates calcarifer, Setipiapa
net
Drive-in Khunchnijaal 8-11 |Apocryptedato, Odontamblyopusibicundus
gear
Cast net |Kheplajaal 4555 |Miscellaneous fishes
Lift net Noukavessal 10-11 |Tenualosdlisha (juvenile), Salmophasidacailaetc.
Hook & line|Long line; 2 hooks -- Rita rita
per pole
Hook & line|Barshi -- Mastacembeluarmatus, Rita ritaSperatasp., etc.
Barrackpor{Gill net Ghaurajaal 30-40 |Clupisomagarua, E. vachatc.
Gill net Hilsa/Chadijaal 60-100 |Tenualosdlisha
Gill net Khoira jaal 12-14 |Gudusiachaprg Juveniles off. ilisha
Lift net Noukavessal 10-11 |Tenualosdlisha (juvenile), Salmophasidacailaetc.
Fishing trap,Chakjaal targeting 3540 |Arius gagora
catfish
Hook & line|Barshi - Macrobrachiunmrossenbergii, Ariusp.,Clupisoma

garuaetc.
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Gill net Hilsa jaal 60-110 |Tenualosdlisha
Gill net Phasajaal 4550 |Setpinnasp.
Godakhali |Gill net Bhola jaall 40-46 |Otolithoidespama
Cast net |Kheplajaal 3545 |Puntiusspp.,C. garuaetc.
Bag net Thelajaal 01 |Juveniles oMacrobrachiumrosenbergii
Bag net, |BhasaBeentijaal 65-01 |Coricasoborna Juveniles of Hilsa$. phasa
large, (upper to|Polynemugparadiseusetc.
surface set lower)
Bag net, |Thor jaal 60-01 |Prawn, GobiidsA. bato, O.rubicundustc.)
large, (upper to
bottom set lower)
Fishing trap|Gogh jaal 01 |Mystusgulio, Ariussp.,O. rubicundusprawn etc.
Hook and |Barshee - Arius sp.
line (line
fishing)
Set barrier |Char ghera 01 |Pangasius pangasius, Lates calcarifer, Polynemu
D.Harbour |net sp., etc.
Gill net Hilsa jaal 70-110 |Tenualosdlisha
Gill net Bhola jaal 40-50 |Otolithoidespama
Gill net Topseyjaal 2530 |Polynemugparadiseus
Gill net Selejaal 150160 [Leptomelanosomiadicum
Cast net |Kheplajaal 30-35 |[Misscelanous fishes
Bag net, |Chingrijaal 01 |Juveniles and adults M. rossenbergii
small, fixed
type
Bag net, |Meenjaal 01 |Juveniles oM. rossenbergii
drag
rectangular,
Bag net, |Thor jaal 60-01 |Prawn, GobiidsA. bato, O. rubicundustc.),
large, (upper tolPolynemugparadiseusetc.
bottom set lower)
Fraserganj |Without Dakurdhora - Mudskipper
gear
Grappling [Curved metallic rod - Mud crab
gear
Grappling |Bamboo tongs - Mud crab
gear
Fishing trap|Barrier Fishing trap 01 |Prawn, Misc
(Chaurpata)
Fishing trap|Chakjaal 01 |Mud crab
Gill net Chinese jaal 95-100 |Pampussp.,Setipinnasp.,Cynoglossuspp. etc
Gill net Hilsa jaal 90-110 |Tenualosdlisha
Cast net |Kheplajaal 4550 |Gobbids, Silver belly
Bag net Guri jaal 10-15 |[Prawn and Gobiids
Bag net Chekunijaal 10-15 [Mud crab
Bagnet Hatu jaal 8-11 |Prawn and Gobiids
Bag net Meenjaal 01 |Juveniles oP. monodoretc.
Bag net, |Thor jaal 65/7001 |Prawn,HarpadonnehereusTrichuriuslepturus
large, (upper to|Polynemugparadiseusetc.
bottom set lower)
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Pictorial view of different categories of Fishing gear in entire stretch of

river Ganga
1. Fishing without gear

by hand

1. Fishing

2. Grappling and wounding
device

AT

. 2c.Multi-  2d. Multi-pronged
to catch mud crab catch mud crab pronged bambo metallic spear
spear

3. Stupefying devices

3. Fishingby poisoning
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4. Line fishing

s 11

eset Iine 4e. Pole and line, 2 hooks 4f. Set 'Iine from small twigs

5. Fishing with Fishing traps (18 types)

5a. Brush park 5b.ChauraI 5c.Duar

.Jhang h. DHCI uar 5i. Britt R
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5k. Duari Britti
2 \ . -yr' >
4

.~ fa
v 7

T
2

5m. ChakJaal for crab
fishing

5 ' ChakJaal targeting
catfish

5p. Woka 5. Woka 5. JhingaJaal

6. Arial Fishing trap

6a.Thoopalaal

7. Gill nets
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7i. Topey]aal

7k. Khoira Jaal

7n. Kukri Jaal

8. Drive-in gears

P,
5

sa.Chiwan 8b. KhunchniJaal

57



9. Falling gears

© Qa. KheplaJaal 9b. ChabiJaal

10. Lift nets (3 types)

10a.JhatkaJaal 10b. GyravessalISaraiI

11. Bag nets

11a.Guri Jaal 11b.ChhekuniJaal 11c.ThelaJaal

—

11d.Hatu Jaal 11e.DhebtiJaal 10f.

fixed
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10h.KonaJaal 10i.Thor Jaal

10j. BeentiJaal 10k. PatanJaal 10l. SanglaJaal

12. Drag nets

11b.BerJaal |

11a.ChotiJaal

1lGhaar Jaal 1d.n|/M0| Jal
Fig. 43 (1alld) Pictorial view of different categories of Fishing geagntire stretch of rive
Ganga

Sustainability issues related to néased fishery

U Replacement of biodegradable cotton twine with-bmadegradable synthetic twine as net

material leading to ghost fishing by discarded net material in river water. thisse
discarded nets are causing plastic pollution in the river.

U Operation of zero medtig-sized shore seine (locally call&hotjaal/Moshari/ BerJaal)

was found prevalent in entire middle and lower stretch of the river catching small size
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fish seed of prized fishes causing growth overfishing and ultimately leading to severe
depletiorof fish stock

U Similarly, Bag netBinti Jaal/Thor Jaa), Set barrier ChaurpataJaal) and Shooting nets
(Meenjaal/ChingriJaa) are causing huge destructionfish seed of valuable estuarine
fish species such abenualosailisha (Hilsa), Polynemusparadiseus(Topse), etc. in
estuarine zone.

U Recruitment overfishing was observed in the estuarine mouth when matured hilsa

brooders are targeted during their breedmgration.

Fig. 44 Indiscriminate destruction of juvenil Fig. 45 Destruction of prized fish juveniles k
fishes by zeramested Chot/Ber Jaalin bottom and surface set bag net in estuaril
freshwater zone zone

Sustainability issues related to ho@nd line fishery

U Oil extracted from Gangetic DolphirPlatanista gangeticalocally calledghorbochis
still in use as a major attractant in bait preparatiothatentire Bihar stretch ofiver
Ganga.

U Gangetic RiverTortoise (Nilsonnia gangetica is also found to be very susceptible to
hook and line fishing. Oncéheyget hooked, they are sold in local markets at high price
instead of releasing back to the river.

U Berried Freshwater Giant Pravistacrobraciumrosenbergiis caught indiscriminately in
estuarine stretch using wheat ball during breeding migration causing recruitment
overfishing.

U In the face of rising demand, smalked fishes are also targeted through hook and line;
Eutropiichthysvachawith ranging from 90to 120 mm are observed to hegbain Bally
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Uttarpara stretch of river Ganga in West Bengahereas,the requisite length for

attaining maturity for such fishes were reported to be 131 mm to 140 mm.

Sustainability issues related to Fishing trap Fishery in River Ganga
U Bamboo screemf Fishing traps is gradually being replaced with zeroreéstet like

Aanta, Aarsi, Britti, Wokaetc which are not allowing larvae or small sized fishes to

escape from the Fishing trap. This must be regarded as a matter of great concern relating

to sustaable fisheries adishing traps are mostly operated along the shoreline where
density of fish larvae/juveniles is higher during psgawning period. Replacement of
bamboo screen with zero mesh net must be discouraged to sustain the fisheries in river

Ganga.

Like other Indian rivers, river Ganga also observed colossal change in qualitative as well
as quantitative abundance of available fish species caused by significant changes in flow
pattern as well as overall water quality. Abundance of indigenouspisties like Gangetic
carp and catfishes are rapidly declining at the cost of exotics. Fishing gears are also being
modified accordingly with many original traditional gears are going into oblivion. Many
unfriendly fishing gears with huge destruction dajiy especially gears with zero or small
mesh sizes are in use in River Ganga. Those fishing gears like bdgeratiJaal), Set
barrier ChaurpataJaal), Shore seineBer/Chat Jaal), etc should be controlled/banned with

suitable alternative livelihabto the dependent fishers
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OBJECTIVE -llI
STOCK ASSESSMENT OF SELECTED FISH SPECIES

Fish stock assessment may be described as determination of exploitation level which is
necessary for estimation of maximum sustainable yields from the fish resources. The study of
stock assessment is necessary to understand the present level of exploitdi® status of
exploited stock for maintenance of yield at sustainable level. Inland fisheries are often
considered as multispecies multigear fisheries and most of the catches are categorized under
small scale fisheries.

Population Characteristics dMC (L. rohita, L. catla, C. mrigalpand L. calbasuwere
analyzed in the present study.

Estimation of growth parameters ofL. rohita, L. catla, C. mrigalaand L. calbasu

Important growth parameters viz. Length weight relationsgymptotic Length (p),

Growth Coefficient (K, Growth performance index), Naturalmortality (M), Exploitation

rate (E), Total mortality (Z), Fishing mortality (F), Recruitment pattern and Yield per recruit

of L. rohita, L. catla, C. mrigalandL. calbasuwere analyzed of ding the study periad

Labeorohita (Ham, 1822)

The average total length (min: 48 mm; max: 920 mm) and weight (min: 1.524 g; max: 12000
g) of L. rohita was computed to be 404.391 mm (x 272.81). The present study indicated
dominant range of size group fra61-220 mm followed by 104060 mm in the studied river
stretch (Fig 46). Kamboj et al., 2020 has estimated maximum size length of 320 mm from
Haridwar stretch of the river. Similarly, Khan et al., 2011 has reported a maximum length of
1600 mm from the Ganga river stretch. Length weight relationship (W= 0.G12 R =

0.985) calculated for the species indicated somewhat positive allometric growth pattern from
the river. The growth parameter bf rohita such as asymptotic lengthg)l. was found 735

mm and growth coefficientk) was 4.5 during the study. The values of thdggerent
mortality rates viz. natural mortality (M), fishing mortality (F) and total mortality (Z)..of
rohita was observed as 1.92 yéarl.48 yeat and 2.37 yeal respectively. Growth
performance indexe) was obtained as 6.38 during the preseméestigation. The level of
exploitation E) was found to be 0.43 yehfor L. rohita much below the exploited level
(Eop= 0.5) as per Gulland (1971). Continuous recruitment pattern was observed all over the
year with two major peaks in May (28.98%) anddber (18.25%) (Figd7) . The YOé/ R
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B6/ R c u A8 fer diffefent gexploitation rates was calculated in the caske. obhita
The value of max E were found to be 0.428 Yemhile the values obtained for E10 and E50
were 0.35 yealr and 0.27 yeat respectively.
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Fig. 46 Length frequency histogram bf rohita | Fig. 47 Annual recruitment pattern af
obtained from river Ganga rohitain river Ganga
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Fig. 48 Relative biomass recruitment bof rohitain river Ganga

Fig. 49 Growth curve olabeo rohitaover three years (20110) from river Ganga

Labeocatla(Ham, 1822)

The average total length (min: 118 mm; max: 970 mm) and weight (min: 17.45 g; max:
18000 g) ofL. catlawas computed to be 504 mm (x 259.72). The present study indicated
dominant range of size group from 32Q0 mm followed by 70-B0O0 mm from the entire

river stretch (Fig50). Khan et al., 2011 has reported a maximum length of 1450 mm from
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