




30 
 

References 
 

Behera, M.D., Basu, M. and Pal, M. (2012). Ecology and biodiversity of lower Ganga river 
basin: Farakka–Gangasagar. Gangapedia website; Report code: 
026_GBP_IIT_ENB_DAT_04_Ver 1_Jun 2012.  

Bora, U. and Rahman, S. (2012). Floral and faunal Diversity in lower Ganga: Varanasi – 
Farakka. Gangapedia website; Report code: 025_GBP_IIT_ENB_DAT_03_Ver 1_Jun 2012. 

Bilgrami, K.S. and Munshi, J.S.D. (1979). In: Limnological survey and impact of human 
activates on the river Ganges, Technical report MAB. Project - 5 (UNESCO), pp. 91.  

Bilgrami, K.S. (1991). Biological profile of the Ganga: Zooplankton, fish, birds and other 
minor fauna. In: Krishna Murti, C.R., Bilgrami, K.S., Das, T.M., Mathur, R.P. (eds.) The Ganga: 
A scientific study. Northern Book Centre, New Delhi, India. pp. 81-94. 

CIFRI, (2008). Annual report for the year 2007. CIFRI, Barrackpore, West Bengal, India. 

CIFRI, (1970-1984). Annual Reports. CIFRI, Barrackpore, West Bengal, India. 

De, D.K. (1999). Environment and Fisheries. In: Ecology, Fisheries and stock assessment of 
Indian Rivers (Eds. Sinha, M., Khan, M.A. and Jha, B.C.). pp. 129-140. CIFRI. Bull. No. 90. 

Ghosh, A. (2007). Present status of fish diversity in a 12 km stretch in the fresh water zone 
of the Hooghly estuary. Abstract, National Symposium on Ecosystem Health and Fish for 
Tomorrow. CIFRI and IFSI, Barrackpore. Dec, 14-16. pp. 22.  

Ghosh, A. (2008). Fishes of Hoogly Eustary. CIFRI, Barrackpore. Bull. No. 155.  

Gupta, R.A. and Tyagi, R.K. (1992). Analytical approach to analysis of fish stocks of the Ganga 
river system. J. Inland Fish. Soc. India, 24(2): 20-27. 

Hamilton, B. (1822). An account of the fishes found in the river Ganga and its branches. 
Archibad Constable and Company, Edinburg. pp. 405.  

Jhingran, V.G. (1991). Fish and Fisheries of India. Revised and enlarged third edition. 
Hindustan Publishing Corp, New Delhi, India. pp. 727. 

Jhingran, A.G. (1989). Impact of environmental perturbations on the fisheries ecology of 
river Ganga, A synopsis, CIFRI, Barrackpore (W.B.), India. pp. 26. 

Jhingran, V.G. (1975). Fish and Fisheries of India, Hindustan Publishing Corporation, Delhi, 
India. pp. 136-139.     

Jhingran, A.G. and Ghosh, K.K. (1978). The fisheries of the Ganga river system in the context 
of Indian aquaculture, Aquaculture, 14: 141-162. 

Jhingran, A.G. and Pathak, V. (1988). Impact on man-induced environmental modifications 
on productivity potential and energy dynamics of river Ganga. Journal of Inland Fisheries 
Society of India, 20: 43-53. 



31 
 

Mathur, R.P., Shivam, A., Verma, J., Kapoor, V. and Shrivastava, A. (2011). Floral and faunal 
diversity of upper Ganga segment: Gangotri – Haridwar (Upstream Bhimgoda Barrage). 
Gangapedia website; Report code: 020_GBP_IIT_ENB_DAT_01_Ver 1_Dec2011. 

Mathur, R.P., Verma, J., Shrivastava, A. and Kapoor, V. (2012). Floral and faunal diversity in 
middle Ganga segment: Haridwar – Varanasi. Gangapedia website; Report code: 
024_GBP_IIT_ENB_DAT_02_Ver 1_Jun 2012. 

Misra, K.S. (1959). An aid to the identification of common commercial fishes of India and 
Pakistan. Rex. Indian Mus, 5(1-4): 1-320. 

Mitra, P.M., Karmakar, H.C., Sinha, M., Ghosh, A. and Saigal, B. N.  (1997). Fisheries of the 
Hooghly-Matlah estuarine system: An appraisal. Central Inland Capture Fisheries Research 
Institute (ICAR), Barrackpore, Bull. No. 67. 

Mitra, P.M., Karmaker, H.C., Ghosh, A.K., Mondal, N.C., Sen, H.K. and Das, B.N.  (2001). 
Fisheries of Hooghly-Matlah estuarine system: Further appraisal (1994-95 to 1999-2000). 
CIFRI, Bull No. 109. 

Nath, D., Mishra, R.N. and Karmakar, H.C. (2004). The Hoogly Estuarine System- Ecological 
flux, fishery resources and production potential. CIFRI, Barrackpore, Bull. No. 130. 

Nautiyal, P., Shivam, A., Verma, J. and Dwivedi, R. (2009). Quarterly progress report 
(September 09) for the Living Ganga Programme with respect to environmental flow. WWF, 
New Delhi, India.   

Negi, K.S. and Malik, D.S. (2005). Fish fauna of Ganga river at Rishikesh. Himalayan Journal 
of Environmental Zoology, 19(2): 145-148. 

Pathak, V. and Tyagi, R.K. (2010). Reverine ecology and fisheries vis-à-vis hydrodynamic 
alterations: Impacts and remedial measures. CIFRI, Barrackpore, Bull. No. 161.  

Payne, A.I., Sinha, R., Singh, H.R. and Huq, S. (2003). A review of the Ganges Basin: its fish 
and fisheries. In: Welcomme, R.L.  and Petr, T. (eds) Proceedings of the Second International 
Symposium of Management of Large Rivers for Fisheries, Vol. 1. Bangkok, Thailand: RAP 
Publication, FAO Regional Office for Asia and the Pacific. pp. 229-252. 

Rao, R.J. (1995). Studies on Biological Restoration of Ganga River in Uttar Pradesh: An 
indicator species approach, Project report, School of Studies in Zoology, Jiwaji University, 
Gwalior, India.  

Ray, P., Singh, S.B. and Sehagal, K.L. (1966). A study of some aspects of the rivers Ganga and 
Yamuna at Allahabad (U.P) in 1958-59. Proc. Nat. Acad Sci. India, 36B(3):  235-272. 

Sahgal, J.K. (1973). Fish and Fisheries of Aligarh with notes on the fish catches. J. Inland Fish. 
Soc., India, 5: 23-30. 

Sharma, R. C. (1988). Fish and fisheries of snow fed river Bhagirathi from of Garhwal 
Himalayas. In: Proceeding of the National Academy of Sciences, 58(B), II: 181-192. 



32 
 

Sinha, M. and Khan, M.A. (2001). Impact of environmental aberrations of fisheries of the 
Ganga (Ganges) River. Aquatic Ecosystem Health Management, 4(4): 493-504. 

Sinha, M., Khan, M.A. and Jha, B.C. (1999). Ecology, fisheries and fish stock assessment of 
Indian rivers, CIFRI, Barrackpore, Bull. No. 90. 

Sinha, M., De, D.K. and Jha, B.C. (1998). The Ganga–Environment and fishery. Central Inland 
Fisheries Research Institute, Barrackpore, India. pp. 142. 

Sinha, M., Laal, A.K., Singh, B., Tyagi, R.K., Pathak, V.  and Katiha P.K. (1997). Likely Impact on 
Aquatic ecology in the context of barrage construction across the River Ganga at Kanpur. 
CIFRI Consultancy Report, Barrackpore, West Bengal, India. pp. 1-44.  

Sinha, R.K. and Prasad, K. (1988). Final Technical Report of Ganga Basin Research Project, 
Patna University, India. pp.  88. 

Singh, A.K., Pathak, A.K. and Lakra, W.S. (2010). Invasion of an exotic fish-common carp, 
Cyprinus carpio (Actinopterygii: Cypriniformes: Cyprinidae) in the Ganga river, India and its 
impacts. Acta ichthyologica et piscatorial, 40(1): 11-19. 

Singh, H.R. (2008). Ecological parameters of the Bhagirathi, Final Technical Report, 
submitted to National Thermal Power Corporation (NTPC), India, pp. 1-78. 

Singh, H.R., Badola, S.P. and Dobriyal, A.K. (1983). Geographical distributional list of 
Ichthyofauna of the Garhwal Himalaya with some new records. Journal of Bombay Natural 
History Society, 84: 126-132. 

Vass, K.K., Samanta, S., Suresh, V.R., Katiha, P.K. and Mandal, S.K. (2008). Current status of 
river Ganges. Central Inland Fisheries Research Institute, Barrackpore, India. Bull. No. 152. 
pp. 1-31. 

Vass, K.K., Mondal, S.K., Samanta, S., Suresh, V.R.  and Katiha, P. K. (2010). The environment 
and fishery status of the River Ganges. Aquatic Ecosystem Health & Management, 13(4): 
385-394. 

Verma, N.S., Chitray, B.B. and Saxena, D.B. (1961). Fishes of Kanpur District. Proc. of 
National Academy of Sciences, pp. 213-232.  

WWF, (2004). Information Sheet on Ramsar Wetlands (RIS), pp. 1-14. 

 

 
 
 
 
 
 
 
 
 



33 
 

Appendix-I 
Comparative account reflecting the avilable flora and fauna as food chain: 

 
Ecological 
groups 

Taxonomic 
categories 

Ecological 
Stretch 

Name of organisms 

Phytoplankton Bacillariophyceae UG1 
 
 
 
UG2 
 
 
 
 
 
UG3 
 
 
 
 
 
MG 
 
 
 
 
 
 
 
 
LGA 
 
 
 
 
 
 
LGB 

Achnanthes, Amphipleura, Bacillaria, Ceratoneis, Cyclotella, Cymbella, Denticula, 
Diatoma, Fragilaria, Hantzschia, Meridion, Navicula, Nitzschia, Pinnularia, 
Rhoicosphenia, Stephanodiscus, Synedra  
 
Achnanthes, Amphipleura, Amphora, Bacillaria, Ceratoneis, Cocconeis, Cyclotella, 
Cymatopleura, Cymbella, Denticula, Diatoma, Epithemia, Fragilaria, Frustulia, 
Gomphoneis, Gomphonema, Hantzschia, Melosira, Meridion, Navicula, Nedium, 
Nitzschia, Pinnularia, Rhoicosphenia, Stauroneis, Stephanodiscus, Synedra, 
Tabellaria 
 
Achnanthidium,  Amphipleura, Amphora, Aulacoseira, Bacillaria, Ceratoneis, 
Cocconeis, Cyclotella,  Cymbella  Denticula, Diatoma, Diploneis, Encyonema, 
Fragilaria, Frustulia, Gomphoneis, Gomphonema, Gyrosigma, Hantzschia, 
Melosira, Meridian, Navicula, Nedium, Nitzschia, Pinnularia, Planothidium, 
Rhoicosphenia, Stauroneis, Stephanodiscus, Synedra, Tabellaria 
 
Achnanthes, Achnanthidium, Amphora, Anomoeoneis, Asterionella, Aulacoseira, 
Bacillaria, Caloneis, Ceratoneis, Cocconeis, Craticula, Cyclotella, Cymbella, 
Cymbopleura, Diatoma, Diploneis, Encyonema, Epithemia, Fallacia, Fragilaria, 
Frustulia, Gesslaria, Gomphonema, Gyrosigma, Hantzschia, Luticola, Mastogloia, 
Melosira, Meridian, Navicula, Nitzschia, Pinnularia, Placoneis, Planothidium, 
Reimeria, Rhopalodia, Sellaphora, Stauroneis, Stephanodiscus, Surirella, Synedra, 
Tabellaria  
 
 
Achnanthes, Achnanthidium, Amphora, Asterionella , Caloneis, Chaetoceros, 
Cocconeis, Cyclotella, Cymatopleura, Cymbella, Diatoma, Eunotia, Fragillaria, 
Gomphonema, Grammatophora, Gyrosigma,  
Hantzschia, Leptocylindrus,  Mastogloia, Meridian, Melosira, Navicula, Nitzschia, 
Pinnularia, Pleurosigma, Sellaphora, Surirella, Synedra, Tabellaria, Thalassiosira, 
Terpsinoe  
 
Achnanthes, Amphiprora, Amphora, Anomoeoneis, Asterionella, Asteromphalus, 
Bacillaria, Bacteriastrum, Biddulphia, Caloneis, Campylodiscus, Chaetoceros, 
Climacodium, Climacosphenia, Cocconeis, Corethron, Coscinodiscus, Cyclotella, 
Cymbella, Diatoma, Diploneis, Ditylum, Eucampia, Eunotia, Fragilaria, Frustulia, 
Gomphonema, Gyrosigma, Hemiaulus, Hemidiscus, Isthmia, Lauderia, 
Leptocylindrus, Lithodesmium, Melosira, Navicula, Nitzschia, Paralia, Pinnularia, 
Planktoniella, Pleurosigma, Rhizosolenia, Rhopalodia, Skeletonema, Stauroneis, 
Stephanopyxis, Surirella, Synedra, Thalassiosira, Thalassiosirs, Thalassiothrix, 
Thalassionema, Triceratium, Tropidoneis 

 Chlorophyceae 
 

UG1 
 
UG2 
 
 
 
UG3 
 
 
MG 
 
 
 
 
 
 
 
 
LGA 
 
 
 
 

Gonatozygon, Ulothrix  
 
Characium, Cladophora, Closterium, Cylindrocystis, Desmidium, Genicularia, 
Gonatozygon, Hydrodictyon, Microspora, Oedogonium, Protococcus, 
Sphaeroplea, Spirogyra, Stigeoclonium, Ulothrix, Zygnema  
 
Cladophora, Chaetophora, Closterium, Cosmarium, Eudorina, Hydrodictyon, 
Oedogonium, Pandorina, Pediastrum, Scenedesmus, Spirogyra, Ulothrix 
 
Actinastrum, Ankistrodesmus, Botryococcus, Bumillaria, Celastrum, 
Chlamydomonas, Chlorella, Chlorobottrys, Chlorococcum, Chlorogonium, 
Cladophora, Coelastrum, Closterium Cosmarium, Crucigenia, Desmidium, 
Dictyosphaerium, Diaspora, Eudorina, Gonatozygon, Hormidium, Hydrodictyon, 
Kirchneriella, Micractinium, Microspora, Mougeotia, Netrium, Oedogonium, 
Oocystis, Palmella, Pandorina, Pediastrum, Pleurodermus, Protococcus, 
Scenedesmus, Selenastrum, Sphaerocystis, Spirogyra, Staurastrum, 
Stigeoclonium, Tetrahedron, Tetraspora, Treubaria, Tribonema, Ulothrix, Volvox, 
Zygnema  
Actinastrum, Ankistrodesmus, Bulbochaete , Chaetophora, Chara, 
Chlamydomonas, Chlorella, Chlorococcum, Chodatella, Cladophora, Closteriopsis, 
Closterium, Coelastrum, Cosmarium,  Crucigenia, Cylindrocapsa, Desmidium, 
Enteromorpha, Euastrum, Eudorina, Golenkinia, Gloeotaenium, Hydrodictyon, 
Kirchneriella, Microspora, Nitella, Oocystis, Oedogonium, Pandorina, Pediastrum, 
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LGB 

Protococcus, Schroederia, Selenastrum, Scenedesmus, Sorastrum, Sphaeroplea, 
Spirogyra, Stigeoclonium, Tetraedron, Treubaria, Ulothrix, Volvox, Zygnema  
 
Bambusina, Boodleopsis, Chaetomorpha, Chara, Chlorella, Cladophora, 
Cladophorella, Closterium, Cosmarium, Desmidium, Dictyosphaerium, 
Enteromorpha, Euastrum, Eudorina, Franceia, Gonatozygon, Heterosiphonia, 
Hyalotheca, Lola, Micrasterias, Netrium, Nitella, Oedogonium, Onychonema, 
Pediastrum, Phyllobium, Pleurotaenium, Radiococcus, Rhizoclonium, 
Scenedesmus, Sphaeroplea, Spirogyra, Spirotaenia, Spondylosium, Staurastrum, 
Stigeoclonium, Tetradinium, Triplastrum, Triploceras, Ulothrix, Ulva, Uronema, 
Zygnema  

 Cyanophyceae 
 

UG1 
 
UG2 
 
UG3 
 
 
MG 
 
 
 
LGA 
 
 
 
 
 
 
LGB 

NO 
 
Anabaena, Oscillatoria, Phormidium, Rivularia  
 
Anabaena, Chroococcus, Gloeocapsa, Lyngbya, Microcystis, Nostoc, Oscillatoria, 
Phormidium, Rivularia, Spirulina 
 
Agmenellum, Anabaena, Anacystis, Aphanocapsa, Chroococcus, 
Cylindrospermum, Lyngbya, Merismopedia, Microcystis, Nostoc, Oscillatoria, 
Phormidium, Raphidiopsis, Rivularia, Spirulina,  
 
Anabaena, Anabaenopsis, Anacystis, Aphanocapsa, Aphanothece, Arthrospira, 
Aulosira, Calothrix, Chroococcus,  Cylindrospermum, Gloeocapsa, Gloeotrichia, 
Lyngbya, Mastigocladus, Merismopedia, Microcoleus, Microcystis, Myxosarcina, 
Nostoc, Nodularia, Oscillatoria, Phormidium, Pseudanabaena, Raphidiopsis, 
Rivularia, Schizothrix, Spirulina, Symploca, Synechococcus, Synechocystis, 
Trichodesmium, Tolypothrix  
 
Anabaena, Anabaenopsis, Aphanocapsa, Aphanothece, Arthosporia, Arthrospira, 
Aulosira,  Calothrix, Camptylonemorpsis, Chamaesiphon, Chlorogloean, 
Chroococcus, Crinalium, Cylindrospermum, Dermocarpa, Fischerella, Gloeocapsa, 
Gloeotrichia, Hapalosiphon, Homeothrix, Hydrocoleum,  Johannesbaptistia, 
Katagnymene, Lyngbya, Mastigocladus, Merismopedia, Microchaete, 
Microcystis, Myxosarcina, Nostoc, Nostocopsis, Oscillatoria, Phormidium, 
Plectonema, Porphyrosiphon, Pseudanabaena, Raphidiopsis, Schizothrix, 
Scytonema, Spirulina, Stichosiphon, Stigonema, Symploca, Synechocystis, 
Trichodesmium, Wollea, Xenococcus  

 Euglenophyceae UG1 
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
LGB 

NO 
 
NO 
 
Euglena, Genicularia  
 
Euglena, Phacus, Trachelomonas  
 
Euglena, Heteronema,  Phacus 
 
Euglena, Phacus 

 Dianophyceae MG 
 
LGA 
 
LGB 

Ciratium, Peridinium, Gymnodinium 
 
Ciratium, Peridinium 
 
Ceratium, Dinophysis, Noctiluca, Peridinium, Protoperidinium, Pyrophacus 

 Synurophyceae LGA Synura 
 Chrysophyceae MG 

 
LGA 
 
LGB 

Botryococcus 
 
Chrysococcus, Dinobryon 
 
NO 

 Xanthophyceae UG1 
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
LGB 

Voucheria 
 
Voucheria 
 
Voucheria 
 
Tribonema 
 
Tribonema, Voucheria 
 
Tribonema, Voucheria 
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 Cryptophyceae LGA Chroomonas 
 Rhodophyceae LGA 

 
LGB 

Batrachospermum, Compsopogon  
 
Bostrychia, Caloglossa, Catenella, Ceramium, Compsopogon, Gelidium, Gelidiella, 
Polysiphonia, Porphyra, Pterosiphonia 

 Phaeophyceae LGB Colpomenia, Dictyota 
Periphyton Bacillariophyceae UG1 

 
 
UG2 
 
 
 
 
 
 
UG3 
 

 

 
MG 
 
 
 
 
 
 
LGA 
 
LGB 

Achnanthidium, Amphora, Cymbella, Diatoma, Fragilaria,  Frustulia, 
Gomphonema, Hippodonta, Nitzschia, Reimeria, Tabellaria 
 
Achnanthidium, Adlafia, Amphora, Caloneis, Ceratoneis, Cocconeis, Cyclotella, 
Cymbella, Denticula, Diatoma, Diatomenella, Encyonema, Encyonopsis, Fallacia, 
Frustulia, Gomphoneis, Gomphonema, Gyrosigma, Hantzschia, Hippodonta, 
Melosira, Meridion, Navicula, Nitzschia, Opephora, Pinnularia, Planothidium, 
Reimeria, Sellaphora, Staurosira, Stauroneis, Surirella, Synedra, Tabellaria, 
Tetracyclus  
 
Achnanthidium, Amphora, Cocconeis, Cymbella, Diatoma, Diploneis, Encyonema, 
Fragilaria, Gesslaria, Gomphonema, Gyrosigma, Hantzschia, Luticola, Melosira, 
Meridion, Navicula, Nitzschia, Planothidium, Reimeria, Sellaphora, Staurosira, 
Surirella, Synedra 
 

Achnanthes, Achnanthidium, Amphora, Anomoeoneis, Asterionella, Aulacoseira, 
Caloneis, Cocconeis, Cyclotella, Cymbella, Diatoma, Encyonema, Fragilaria, 
Frustulia, Gomphonema, Gyrosigma, Mastogloia, Melosira, Navicula, Nitzschia, 
Pinnularia, Placoneis, Planothidium, Pleurosigma, Stauroneis, Surirella, Synedra, 
Tabellaria  

NO 
 
NO 

Chlorophyceae 
 

UG1 
 
UG2 
 
 
UG3 
 
MG 
 
 
 
LGA 
 
LGB 

NO 
 
Chlorococcum, Cladophora, Closterium, Cosmarium, Desmidium, Hydrodictyon, 
Microspora, Oedogonium, Stigeoclonium, Ulothrix, Zygnema 
 
Cladophora, Oedogonium, Spirogyra, Stigeoclonium, Ulothrix 
 
Chlorella, Chlorogonium, Cladophora, Closterium, Cosmarium, Dictyosphaerium, 
Draparnaldia, Hydrodictyon, Kirchneriella, Oedogonium, Oocystis, Pandorina, 
Pediastrum, Scenedesmus, Schizogonium, Spirogyra, Ulothrix, Zygnema 
 
NO 
 
NO 

Cyanophyceae UG1 
 
UG2 
 
UG3 
 
MG 
 
 
LGA 
 
LGB 

NO 
 
Anabaena, Coccochloris, Oscillatoria, Phormidium 
 
Lyngbya, Oscillatoria, Phormidium, Spirulina   
 
Anabaena, Coelosphaerium, Lyngbya, Merismopedia, Microcystis, Nostoc, 
Oscillatoria, Phormidium, Rivularia 
 
NO 
 
NO 

 Euglenophyceae UG1 
 
UG2 
 
MG 
 
LGA 
 
LGB 

NO 
 
NO 
 
Euglena 
 
NO 
 
NO 

Xanthophyceae MG 
 

Tribonema, Voucheria 
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LGA 
 
LGB 

NO 
 
NO 

Zooplankton Protozoans UG1 
 
UG2 
 
UG3 
 
MG 
 
 
LGA 
 
LGB 

NO 
 
NO 
 
NO 
 
Actinophrys, Actinosphaerium, Amoeba, Arcella, Colpidium, Difflugia, Euglena, 
Euplotes, Paramecium, Vorticella  
 
Arcella, Centropyxis, Difflugia, Paramecium, Vorticella 
 
NO 

 Rotifera UG1 
 
UG2 
 
UG3 
 
MG 
 
 
LGA 
 
 
LGB 

NO 
 
NO 
 
NO 
 
Asplanchna, Brachionus, Euchlanis, Filinia, Gastropus, Hexarthra,  Keratella, 
Lecane, Notholca, Philodina, Platyias, Polyarthra, Rotaria, Testudinella 
 
Asplanchna, Brachionus, Euchlanis, Filinia , Keratella, Lecane, Monostyla, 
Polyarthra, Rotaria, Synchaeta, Testudinella, Trichocera 
 
Anuraeopsis, Ascomorpha, Asplanchna,  Beauchampiella, Brachionus,  
Cephalodella,  Colurella,  Conochilus, Dicranophorus, Dipleuchlanis,  Euchlanis, 
Filinia,  Hexarthra, Horaella,  Keratella, Lecane,  Lepadella, Macrochaetus, 
Mytilina, Platyias, Polyarthra, Pompholyx,  Rotaria, Scaridium, Testudinella, 
Trichocerca, Trichotria,  Ttripleuchanis  

 Copepoda UG1 
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
LGB 

NO 
 
NO 
 
NO 
 
Cletocamptus, Cyclops  
 
Cyclops , Diaptomus, Mesocyclops, Neodiaptomus  
 
Acartia, Acartiella, Heliodiaptomus, Labidocera, Mesocyclops Microcyclops,  
Neodiaaptomus Paracyclops, Phyllodiaptomus Pseudochydorus, 
Pseudodiaptomus, Tropocyclops, Tropodiaptomus,  

 Cladocera UG1 
 
UG2 
 
UG3 
 
MG 
 
 
LGA 
 
 
LGB 

NO 
 
NO 
 
NO 
 
Anura, Bosmina, Ceriodaphnia, Daphnia, Diaphanosoma, Diaptomus, Leydigia, 
Mesocyclops, Moina, Moinodaphnia, Nauplius, Simocephalus  
 
Alona, Bosmina, Bosminopsis, Ceriodaphnia, Daphnia, Diaphanosoma, Moina, 
Simocephalus  
 
Alona, Alonella, Bosmiopsis, Ceriodaphnia, Daphnia, Diaphanosoma, 
Dunhevedia, Eschinisca, Euryalona, Graptoleberis, Grimaldina, Guernella, 
Ilyocryptus, Kurzia, Latonopsis, Leydigia, Macrothrix, Moina, Moinodaphnia, 
Notoalona, Oxyurella, Pleuroxus, Pseudosida, Scapholeberis, Simocephalus 

 Other Crustaceans LGB Conchoecete, Dorippe, Euryalona, Metopograpsus, Pachygrapsus, 
Ptychognathus, Pyxidognathus, Susarma  

 Cnidarians LGB Acromitus, Aequorea, Blackfordia, Bougainvillia, Cassiopea, Diadumene, 
Edwardsia, Limnocnida, Liriope, Moerisia, Netrostoma, Nevadne, Obelia, 
Paracondylactis, Pelocoetes. Phytocoeteopsis, Phytocoetes. Pseudodiaptomus, 
Tamoya, Versuriga 

 Chaetognatha LGB Krohnnitta, Sagitta  
 Miscellaneous MG Chironomus larva, Mosquito larvae, Nematodes, Oligochaetes 
Zoobenthos Plecoptera (nymph UG1 Perlodidae (Arcynopteryx, Isoperla), Nemouridae (Nemoura), Chloroperlidae, 
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of stone flies)  
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
LGB 

Peltoperlidae 
 
Arcynopteryx, Isoperla, Nemoura 
 
PRESENT 
 
Chloroperlidae (Alloperla), Perlidae (Neoperla), Perlodidae (Isoperla) 
 
NO 
 
NO 

 Odonata (nymphs 
of dragon flies) 

UG1 
 
UG2 
 
UG3 
 
MG 
 
 
LGA 
 
 
LGB 

NO 
 
Argia 
 
Agrionidae, Gomphidae 
 
Aeshnidae (Aeshna), Corduliidae (Epicordulia, Helocordulia, Macromia), 
Gomphidae (Hagenius), Lestidae (Lestes) 
 
Asiagomphus, Cordulegaster, Ischnura, Macrogomphus, Paragomphus, 
Potomarcha  
 
NO 

 Ephemeroptera 
(mayfly, nymphs) 

UG1 
 
 
UG2 
 
 
UG3 
 
MG 
 
 
LGA 
 
LGB 

Ameletidae (Ameletus), Baetidae (Baetis,), Heptageniidae (Iron), Caenidae 
(Caenis),  Ephemeridae (Ephemera) 
 
Ameletus, Baetis, Caenis, Cynigma, Ephemera, Ephemerellidae  (Ephemerella), 
Iron, Leptophlebiidae (Leptophlebia) 
 
Baetidae, Heptageniidae, Leptophlebiidae 
 
Baetidae, Caenidae, Ephemerellidae, Heptageniidae (Epeorus, Rhithrogena), 
Leptophlebiidae, Neoephemeridae, Siphlonuridae  
 
Baetis, Cloeon, Ephemerella  
 
NO 

 Trichoptera (caddis 
larvae) 

UG1 
 
UG2 
 
UG3 
 
MG 
 
 
 
 
LGA 
 
LGB 

Hydropsychidae (Hydropsyche) 
 
Brachycentrus, Glossosoma, Hydropsyche, Leptocella, Limnephilids 
 
Psychomyiidae, Hydropsychidae 
 
Brachycentridae, Glossosomatidae, Helicopsychidae (Helicopsyche), 
Hydropsychidae, Hydroptilidae, Limnephilidae (Hesperophylax, Limnephilus), 
Leptoceridae (Mystacides, Leptocella, Triaenodes), Polycentropodidae (Cyrnellus 
sp.), Rhyacophilidae 
 
Glossosoma, Hydropsychidae, Limephilus, Triaenodes  
 
NO 

 Diptera  UG1 
 
 
UG2 
 
 
UG3 
 
MG 
 
 
 
LGA 
 
LGB 

Athericidae (Atherix), Blephariceridae (Bibiocephala), Chironomidae 
(Chironomus), Dixidae (Dixa),  Simuliidae (Simulium), Tipulidae (Megistocera) 
 
Antocha, Atherix, Bibiocephala, Chironomus, Dixa, Megistocera, Psychoda, 
Simulium 
 
Helidae, Chironomidae, Tabanidae, Tipulidae 
 
Athericidae (Atherix), Chironomidae, Culicidae (Culex), Dixidae (Dixa), Heleidae, 
Limoniidae (Antocha), Muscidae (Limnophora), Simuliidae (Simulium), Syrphidae 
(Eristalis), Tabanidae (Tabanus), Tipulidae (Megistocera) 
 
Anopheles, Chironomus, Clinotanypus, Culex , Monopelopia  
 
NO 

 Coleoptera (water 
beetles) 

UG1 
 
UG2 
 

Emidae (Promoresia) 
 
Dytiscus, Hydrophilus, Promoresia, Psephenus 
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UG3 
 
MG 
 
 
 
 
LGA 
 
LGB 

Elmidae, Dytiscidae, Psephenidae 
 
Amphizoidae (Amphizoa), Chrysomelidae (Donacia), Dytiscidae (Cybister, 
Dytiscus), Elmidae (Stenelmis), Gyrinidae (Dineutus), Hydrochidae (Hydrochus), 
Hydrophilidae (Hydrophilus), Noteridae (Hydrocanthus), Psephenidae 
(Psephenus) 
 
NO 
 
NO 

 Hymenoptera UG1 
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
LGB 

NO 
 
NO 
 
NO 
 
Agaonidae  
 
NO 
 
NO 

 Nematodes &  
Molluscs 
 
 
 
 
Molluscs 
(Gastropoda) 
 
 
 
Pelycepoda 
 
 
(Gastropoda) 
 
 
 
 
Pelycepoda 
 
 
Gastropoda 
 
 
 
 
 
Pelycepoda 
 
 
 
Cephalopoda 
 
Scaphopoda 

UG1 
 
UG2 
 
UG3 
 
 
MG 
 
 
 
 
 
 
LGA 
 
 
 
 
 
 
 
LGB 
 

NO 
 
PRESENT 
 
PRESENT 
 
 
Bithyniidae (Bithynia), Lymnaeidae (Lymnaea), Pleuroceridae (Goniobasis), 
Planorbidae (Gyraulus, Indoplanorbis), Subulinidae (Subulina), Thiaridae, 
Viviparidae (Bellamya, Vivipara) 
 
Corbiculidae (Corbicula) 
 
 
Amnicola, Assiminia, Bellamya, Brotia, Digoniostoma, Ferrissia, Gangetia, 
Glessula, Gyraulus, Haitia, Hydrobia, Indoplanorbis, Lymnaea, Mekongia, 
Melania, Melanoides, Pila, Planorbis, Quickia, Stenothyra, Thiara  
 
 
Corbicula, Lamellidens, Novaculina, Parreysia, Pisidium, Scaphula  
 
 
Amalda, Architectonica, Assiminea, Asthenotoma, Bellamya, Brotia, Cassidula, 
Cerithidea, Clithon, Columbella, Iravadia, Larina, Natica, Olivancillaria, Pila, 
Polinices, Potamacmaea, Pseudanachis, Septaria, Stenothyra, Telescopium, 
Terebra, Thais, Thiara, Tubiola, Umbonium  
 
 
Barnea, Corbicula, Cuspidaria, Gafrarium, Glauconome, Lamellidens, Laternula, 
Mactra, Martesia, Meretrix, Novaculina, Nucula, Paphia, Parreysia, Pitar, Solen, 
Sphenia, Theora, Trachycardium  
 
Loligo, Octopus, Sepia, Sepiella 
 
Dentalium 

 Annelids 
 
 
 
 
 
 
 
Polychaete 
 
 
 
 
 
 

UG1 
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
 
 
 
LGB 
 

NO 
 
NO 
 
NO 
 
Present (Glossoscolecidae) 
 
Alboglossiphonia, Asiaticobdella, Aulodrilus, Aulophorus, Barbronia, 
Branchiodrilus, Branchiura, Chaetogaster, Dero, Glyphidrilus, Limnodrilus, Nais, 
Namalycastis, Nephthys, Odontobdella, Ozobranchus, Perionyx, Placobdelloides, 
Pristina, Salifa 
 
Barantolla, Capitella, Ceratonereis, Chloeia, Dendronereides, Dendronereis, 
Diopatra, Eteone, Eunice, Ganganereis, Gattyana, Glycera, Hesione, 
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Oligocheata 
 
 
 
 
Hirudinea 

Heteromastus, Hyalinoecia, Isolda, Laonome, Lumbrineris, Lycastonereis, 
Lysidice, Marphysa, Mastobranchus, Minuspio, Namalycastis, Neanthes, Owenia, 
Perinereis, Pherusa, Polydora, Prionospio, Pseudopolydora, Sabellaria, Spio, 
Sternaspis, Talehsapia  
 
Aelosoma, Allonais, Aulodrilus, Branchiodrilus, Branchiura, Chaetogaster, Dero, 
Dichogaster, Drawida,  Eutyphoeus, Lampito, Lennogaster, Limnodrilus, 
Metaphire, Nais, Octochaetona, Pellogaster, Perionyx, Polypheretima, 
Pontodrilus, Priatina, Slavina, Stylarias, Tubifex  
 
Glossiphonia, Haemadipsa, Helobdella, Hemiclepsis, Hirudinaria, Ozobranchus, 
Pontobdella 

 Arthopoda 
 
Crustacea and 
others 
 
 
 
 

UG1 
 
UG2 
 
UG3 
 
MG 
 
LGA 
 
 
LGB 

NO 
 
NO 
 
NO 
 
Cyprididae (Cypris, Hetrocypris) 
 
Barythelphusa, Caridina, Gangemysis, Hymenicoides, Macrobrachium, 
Neorhynchoplax, Parathelphusa, Tachaea  
 
Achaearanea, Aculops, Anilocra, Aphis, Araneus, Arctosa, Argiope, Artema, 
Bomis, Calappa, Catantops, Cheiracanthium, Cirolana, Clubiona, Conchoecete, 
Crossopriza, Cyclosa, Cymothoa, Cyrtophora, Diplatys, Dorippe, Euborellia, 
Euophrys, Exosphaeroma, Forcipula, Gasteracantha, Geocoris, Gerenia, Hersilia, 
Heteropoda, Hippasa, Hysteroneura, Labidura, Larinia, Leucauge, Lutica, Lycosa, 
Lyssomanes, Marpisa, Matuta, Melanaphis, Mesambria, Metisolabis, 
Myrmarachne, Nala, Neoscona, Nephila, Nerocila, Nysius, Oecobius, Oedignatha, 
Oligonychus, Oxyopes, Pachygrontha, Paraconophyma, Paradiplatys, Parawixia, 
Pardosa, Paromius, Phidippus, Plexippus, Poekilocerus, Pseudopachybrachius, 
Pyrgomorpha, Rhene,Salticus, Scalopidia, Schizotetranychus, Scytodes, Simalio, 
Singa, Spariolenus, Sphaeroma, Sphingius,   Stegodyphus, Tagasta, Toxoptera, 
Uloboru, Zygeilla 

 Echinodermata UG1 
UG2 
UG3 
MG 
LGA 
LGB 

NO 
NO 
NO 
NO 
NO 
Acaudina, Amphioplus, Astropecten, Chaetodiadema, Clypeaster, Echinodiscus, 
Goniopecten, Labidoplax, Laganum, Luidia, Ophiactis, Ophiocnemis, Synaptula, 
Temnopleurus, Thorsonia 

NO: Not reported in the stretch. 
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Appendix-II 
Fishes in all stretches of river Ganga (UG1-LG4): (Compilation from secondary data) 
 Species Families  U

G
1 

U
G
2 

U
G
3 

M
G
1 

M
G
2 

M
G
3 

M
G
4 

M
G
5 

L
G
1 

L
G
2 

L
G
3 

L
G
4 

Acanthopagrus latus Sparidae            + 
Ailia coila                   Schilbeidae           + + + + + + + 
Ambasis baculis Ambassidae            + 
A. commersoni Ambassidae            + 
Amblyceps mangois Ambyceptidae       +                
Amblypharyngodon 
melettinus  

Cyprinidae           +            

A. microlepis Cyprinidae       +      
A. mola Cyprinidae         + + + + + + + + 
Anabas testudineus Anabantidae           +   + + + + + 
Andontostaoma chacunda Clupeidae            + 
A. manmina Clupeidae            + 
Anguilla bengalensis Anguillidae                     + + 
Apocryptes bato Gobiidae            + 
Aplocheilius panchax Aplocheilidae            + 
Arius arius Aridae            + 
A. gagora Aridae            + 

A. jella Aridae            + 
A. sagar Aridae            + 
A. sona Aridae            + 
Aspidoparia jaya Cyprinidae             +   + + +  
A. morar Cyprinidae       +     + + +      
Badis badis Badidae           +       + + + 
Bagarius bagarius               Sisoridae     + + + + + + + + + + 
Barilius barila  Cyprinidae   + + + + +   +        
B. barna Cyprinidae   +                    
B. bendelisis Cyprinidae   + + +       + +     
B. bola  Cyprinidae   + + + + + + + + +    
B. dimophicus Cyprinidae       +                
B. modestus Cyprinidae      +       
B. tileo Cyprinidae        +     
B. vagra  Cyprinidae   + + + + +            
Bathygobius orbicularis Gobiidae            + 
Batrachocephaly mino Aridae            + 
Batrichthys grunnies Batrachoidae            + 
Boleopthalmus dussumieri Gobiidae            + 
Botia almorhae  Cobitidae       +                
B. dario  Cobitidae     + +   + + + + + + + 
B. dayi  Cobitidae               +     +  
B. lohachata  Cobitidae       +         + + + + 
Brachygobius nunus Gobiidae            + 
Bregmaceros mcclellandi Bregmacerotidae            + 
Carangoides malabaricus Carangidae            + 
Caranx carangus Carangidae            + 
Catla catla  Cyprinidae       + + + +   + + + + 
Chaca chaca Chacidae           +         +  
Chagunius chagunio Cyprinidae       +       + + + +  
Chanda baculis Ambassidae                     +  
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C. nama Ambassidae           + + + + + + + 
C. ranga  Ambassidae           + + + + + +  
Channa orientalis Channidae                     + + 
C. gachua  Channidae     + +   + + +   + +  
C. marulius  Channidae       + + + + +   + + + 
C. punctatus  Channidae         + + + +   + + + 
C. stewartii Channidae           + +          
C. striatus  Channidae       + + + + + + + + + 
Chela atpar Cyprinidae           +    +      
C. bacaila Cyprinidae                 + + +  
C. laubuca Cyprinidae           +   + + + +  
Chirocentrus dorab Chirocentridae            + 
Cirrhinus mrigala  Cyprinidae       + + + + + + + + + 
C. reba  Cyprinidae       + + + + + + + + + 
Clarias batrachus  Clariidae     ©   + + + + + + + + 
Clupisoma garua  Schilbeidae   © © + + + + + + + + + 
C. montana Schilbeidae       +                
Coilia dussumiere Engraulidae            + 
C. ramcorli Engraulidae            + 
C. reynalidy Engraulidae            + 
Colisa chuna Osphronemidae               +  + + +   
C. fasciata Osphronemidae     + +   + + +   + + + 
C. lalia Osphronemidae           +           + 
Corica soborna Clupeidae            + 
Crossocheilus latius latius  Cyprinidae   + + +   +   +        
Cyanoglossus arel Cyanoglossidae            + 
C. cyanoglossus Cyanoglossidae            + 
C. lingua Cyanoglossidae            + 
Cyprinus carpio   Cyprinidae              + + + +  
Dactylopterus orientalis Dactylopteridae            + 
Danio dangila Cyprinidae                       + 
D. devario Cyprinidae     + +   +   + + +   + 
D. rerio  Cyprinidae     + +   +   + + +    
Drepene puncata Ephippididae            + 

Eleutheronema 
tetradactylum 

Polynemidae            + 

Eleotris fusca Eleotrididae            + 
Erethistes hara Erethistidae                     +  
E. pusillus Erethistidae                      +  
Esomus danricus Cyprinidae     + + +   + + + + + + 
Euryglossa orientalis Soleidae            + 
Eutropiichthys murius Schilbeidae       + +     
E. vacha  Schilbeidae         + + + + + + + + 
Gagata cenia Sisoridae             + +   +   + 
G. gagata Sisoridae                   +    
Garra annandalei Cyprinidae                   + +  
G. gotyla gotyla  Cyprinidae   + + +   + + +     +  
G. lamta Cyprinidae   +                    
G. prashadi Cyprinidae   +       +            
Gazza minuta Leiognathidae            + 
Gerres filamentosa Gerridae            + 
G. oyena Gerridae            + 
Gerreomorpha setifer Gerridae            + 
Glossogobius giuris Gobiidae       +   + + + + + + + 
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Glyptothorax cavia Sisoridae   +                    
G. conirostris Sisoridae   +                    
G. dakpathri  Sisoridae       +                
G. indicus Sisoridae       +                
G. lineatus Sisoridae     +                  
G. madraspatanum Sisoridae   +                    
G. pectinopterus Sisoridae   + + +                
G. telchita Sisoridae        +     
G. trilineatus Sisoridae   +                    
Goniolosa manmina Clupeidae                +     + + 
Gobiopterus chuno Gobiidae                     + + 
Gudusia chapra  Clupeidae         + + + + + + + + 
G. variegata Clupeidae                     +  
Hara hara Sisoridae                     + + 
Harpodon nehereus Harpadontidae            + 
Heteropneustes fossilis Heteropneustidae       + + + + + + + + + 
Hilsa  kelee Clupeidae            + 
Hypophthalmichthys molitrix Cyprinidae               +        

Hyporhampus limbatus Hemirasmphidae            + 

Ilisha elongata Pristigasteridae            + 
I. filigera Pristigasteridae            + 
I. megaloptera Pristigasteridae        + +   + 
Johnius coitor Sciaenidae              + +    +  + + 
J. gangeticus Sciaenidae                 + + + + 
Kurtus indicus Kurtidae            + 
Labeo angra Cyprinidae   +          
L. bata  Cyprinidae       + +   + + + + + + 
L. boga Cyprinidae       +   +     + +    
L. boggut Cyprinidae                 + + +  
L. calbasu  Cyprinidae     + + + + + + + + + + 
L. dero  Cyprinidae   + + +         +      
L. dyocheilus Cyprinidae   + + + +              
L. fimbriatus Cyprinidae                 + + +  
L. gonius  Cyprinidae     + + + + + + + +    
L. pangusia  Cyprinidae       +   +   + + + +  
L. rohita Cyprinidae       + + + + + + + + + 
Lates calcarifer Latidae                     + + 
Leiocassis rama Bagridae       +      
Leiognathus equulus Leiognathidae            + 
Lepidocephalus guntea Cobitidae       +   +   + + + + + 
Liza macrolepis Mugilidae            + 
L. parsia Mugilidae            + 
L. tade Mugilidae            + 
Lobotes surinamensis Lobotidae            + 
Lutjanus argentimaculatus Lutjanidae            + 
L. johni Lutjanidae            + 
Lycodontis tile Muraenidae                     + + 
Macrognathus aculeatus  Mastacembelidae         +     +       + 
M. aral Mastacembelidae                  +  +  +  
M. pancalus Mastacembelidae       +   +   + + + + + 
Mastacembelus armatus   Mastacembelidae     + + + + + + + + + + 
M. pancalus Mastacembelidae            + 
Megalaspis cordyla Carangidae            + 
Megalops cyprinoides Megalopidae                     + + 
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Microphis cuncalus Syngnathidae            + 
Minous coccineus  Synancellidae            + 
Monopterus cuchia Synbranchidae                   +   + 
Mugil cephalus  Mugilidae            + 
M. corsula Mugilidae     +        
Mystus bleekeri Bagridae         + + + +   + +  
M. cavasius  Bagridae         + + + + + + + + 
M. gulio Bagridae                     + + 
M. menoda Bagridae             +       +  
M. tengara Bagridae     © + + + + +   +    
M. vittatus Bagridae         + + + + + + + + 
Nandus nandus Nandidae       +   + + +   + + + 
Nangra nangra Sisoridae           +         +  
N. punctata Sisoridae               + + + +  
N. viridescens Sisoridae        +     
Nemacheilus beavani Balitoridae   + +     +            
N. botia Balitoridae     + +   + + +   + +  
N. corica Balitoridae       +   +            
N. montanus  Balitoridae   + + +   +            
N. multifasciatus Balitoridae   +      +             
N. rupicola Balitoridae   +    +               
N. savona  Balitoridae   + +     +            
N. scaturingina  Balitoridae           +            
N. zonatus  Balitoridae   +       +            
Notopterus chitala Notopteridae        + +  + + + + + + + 
N. notopterus  Notopteridae      + + + +   + + + + 
Odontamblyopus rubicundus  Gobiodidae            + 
Ompok bimaculatus  Siluridae           + +   + + + + 
O. boopis  Siluridae           +            
O. pabda   Siluridae           + +   + + + + 
O. pavel Siluridae             +     + +  
O. pabo Siluridae            + 
Ophiocephalus punctatus Channidae       +                
Oreochromis niloticus Cichlidae                 + + + + 
Oryzias melastegma Oryziidae            + 
Osteogeneiosus militaris Aridae            + 
Osteobrama cotio Cyprinidae           + + + + + +  
Otolithoides biauritus Sciaenidae            + 
Oxygaster bacaila Cyprinidae         + + +          
O. gora Cyprinidae         +       +      
Pama pama Sciaenidae                     + + 
Pangasius pangasius  Pangasiidae           + +     + + + 
Parambassis ranga Ambassidae                 + + +  
Parastromateus niger Parastromateidae            + 
Parupeneus indicus Mullidae            + 
Periopthalmodon schlosseri Gobiidae            + 
Platycephalus indicus Platycephalidae            + 

Plotosus canius Plotosidae            + 

Polynemus paradiseus Polynemidae                     + + 

Pomadasys argenteus Haemulidae            + 
P. maculatus Haemulidae            + 
Pompus argenteus Stromateidae            + 
Pseudoambasis ranga Ambassidae                 + + + + 
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P. lala Ambassidae            + 
Pseudecheneis sulcatus Sisoridae   +                    
Pseudapocryptes lanceolatus Gobiidae            + 
Pseudotropius atherinoides Schilbeidae             +   + + +  
Psidodonophis boro Ophichthdae            + 
Pterois russellii Scorpaenidae            + 
Puntius sp.  Cyprinidae       +      
P.  chagunio Cyprinidae         +   +          
P. chola Cyprinidae       +   +     + + +  
P. chrysopterus Cyprinidae                 + +    
P. conchonius Cyprinidae       +         + + + + 
P. sarana sarana Cyprinidae     + +   + +   + + + + 
P. sophore Cyprinidae     + +   + + + + + + + 
P. ticto  Cyprinidae     + +   + +   + + + + 
Raconda russeliana Pristigasteridae            + 
Raiamas bola  Cyprinidae     + +       +        
Rasbora daniconius Cyprinidae     + +   +     + + + + 
R. elanga Cyprinidae      +       
Rhinomugil corsula  Mugilidae     © +     + +   + + + 
Rita rita  Bagridae     © + + + + + + + + + 
Salmostoma bacaila Cyprinidae     © +       + + + + + 
S. phulo Cyprinidae                   +    
S. untrahi Cyprinidae               + + + +  
Sardinella melanura Clupeidae            + 
Saurida tumbil Synodontidae            + 
Scatophagus argus Scatophagidae            + 
Schizothoracthys esocinus  Cyprinidae   +                    
S. progastus  Cyprinidae   + + +                
Schizothorax curvifrons  Cyprinidae   +                    
S. intermedius  Cyprinidae   +                    
S. micropogan  Cyprinidae   +                    
S. niger  Cyprinidae   +                    
S. plagiostomus  Cyprinidae   + + +                
S. richardsonii   Cyprinidae   +   +                
S. sinuatus  Cyprinidae   + + +                
Sciaena biauritus Sciaenidae                    + 
Sciamugil cascasia Mugilidae               + + + + + 
Securicula gora Cyprinidae               + + + +  
Secutor insidiator Leiognathidae            + 
S. ruconis Leiognathidae            + 
Setipinna brevifilis Engraulidae                  + + + + 
S. phasa  Engraulidae              + + + + + + 
S. taty Engraulidae            + 
Sillago sithama  Sillaginidae            + 
Sillaginopsis panijus Sillaginidae                     + + 
Silonia silondia  Schilbeidae         +   +     + + + 
Sisor rabdophorus  Sisoridae             +   +      
Sperata aor  Bagridae         + + + + + + + + 
S. seenghala  Bagridae       + + + + + + + + + 
Stigmatogobius sadanundio Gobiidae            + 
Stolephorus indicus Engraulidae            + 
Stromateus cinereus Stromateidae            + 
Strongylura strongylura Belonidae            + 
Synapyura albomaculata Soleidae            + 
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Taenioides anguillaris Gobiodidae            + 
T. cirraatus Gobiodidae            + 
Tenualosa ilisha Clupeidae       + + + + + + 
Terapon jarbua Teraponidae            + 
T. theraps Teraponidae            + 
Tetraodon cutcutia Tetraodontidae       +         + + + + 
T. fluviatilis Tetraodontidae                   + +  
Triacanthus brevirostris Triacanthidae            + 
Triturus haumala Trituridae            + 
T. savala Trituridae            + 
Thryssa purava  Engraulidae            + 
Tor chilinoides Cyprinidae   +                    
T. putitora  Cyprinidae   + + + + +            
T. tor  Cyprinidae   + + +   + +          
Upeneus sulphureus Mullidae            + 
U. vittatus Mullidae            + 
Uranoscopus congnatus Uranoscopidae            + 
Valamugil cunnesius Mugilidae            + 
Wallago attu  Siluridae        + + +   + + + + 
Xenentodon cancila Belonidae     + +   + +   + + + + 
© Species indicated are rare/ stray catch. 

 
 
Besides the above list few taxas were reported for which no conformation was available. 
The list of the same is given below: 
 

Fish* Family Zone 
Rasbora elanga Cyprinidae MG3 

Puntius sp. Cyprinidae MG4 
Nangra viridescens Sisoridae MG5 

Mugil corsula Mugilidae MG2 
Leiocassis rama Bagridae MG4 

Glyptothorax telchita Sisoridae MG5 
Colisa chuna Belontiidae MG5 

Barilius modestus Cyprinidae MG3 
Barilius tileo Cyprinidae MG5 

Amblypharyngodon microlepis Cyprinidae MG4 
*The list of fishes which were reported from only one substretch in middle Ganga for which confirmation could not be ascertained. 

 



46 
 

Appendix-III 
Combined list of fishes from the estuary:  
 
ANGUILLIDAE 
   Anguilla bengalensis* 
OPHICHTHDAE 
    Psidodonophis boro 
NOTOPTERIDAE 
    Notopterus notopterus* 
    N. chitala* 
CLUPEIDAE 
   Andontostaoma manmina 
   A. chacunda 
   Corica soborna 
   Gadusia chapra* 
   Gonealosa manmina* 
   Hilsa kelee  
   Sardinella melanura 
   Tenualosa ilisha* 
CHIROCENTRIDAE 
   Chirocentrus dorab 
PRISTIGASTERIDAE 
   Ilisha elongata 
   I. feligera  
   I. megaloptera 
   Raconda russeliana 
ENGRAULIDAE 
   Coilia dussumiere 
   C. ramcorti 
   C. reynalidy 
   Setipinna phasa* 
   S. taty 
   S. brevifilis 
   Stolephorus indicus 
   Thryssa purava 
CYPRINIDAE 
   Amblypharyngodon mola* 
   Catla catla* 
   Cirrhina mrigala* 
   C. reba* 
   Dani devario* 
   D. dangila 
   Esomus danricus* 
   Labeo bata* 
   L. calbasu* 
   L. rohita* 
   Puntius conchonius* 
   P. sarana sarana* 
   P. sophore* 
   P. ticto* 
   Rasbora daniconius* 
   Salmostoma bacaila* 
COBITIDAE 
   Botia lohochata* 

   B. dario* 
   Lepidocephalus guntea* 
BAGRIDAE 
   Mystus vittatus* 
   M. cavasius 
   M. gulio* 
   Rita rita* 
   Sperata aor* 
   S. seenghala* 
SCHILBEIDAE 
   Aila coila* 
   Clupisoma garua* 
   Eutropiichthys vacha* 
   Silonia silondia* 
PANGASIDAE 
   Pangasius pangasius* 
SILURIDAE 
   Ompak bimaculatus* 
   O. pabo* 
   O. pabda* 
   Wallaga  attu* 
SISSORIDAE 
   Bagarius bagarius* 
   Gagata cenia* 
CLARIIDAE 
   Clarius batrachus* 
HETEROPNEUSTIDAE 
   Heteropneustis fossalis* 
ARIDAE 
   Arius arius 
   A. gagora 
   A. jella 
   A. sagar 
   A. sona 
   Batrachocephalus mino 
   Osteogeneiosus militaris 
HARPADONTIDAE 
   Harpodon nehereus 
SYNODONTIDAE 
   Saurida tumbil 
BREGMACEROTIDAE 
   Bregmaceros mcclellandi 
CENTROPOMIDAE 
   Lates calcarifer* 
AMBASSIDAE 
   Ambasis baculis 
   A. commersoni 
   Pseudombasis ranga* 
   P. lala* 
LEIOGNATHIDAE 
   Leiognathus equulus 

   Gazza minuta  
   Secutor ruconis  
   S. insidiator 
GERRIDAE 
   Gerres filamentosa 
   G. oyena 
   Gerreomorpha setifer 
LUTJANIDAE 
   Lutjanus johni 
   L. argenti maculates 
NANDIDAE 
   Nandus nandus* 
BADIDAE 
   Badis badis* 
ANABANTIDAE 
   Anabastes testudineus* 
OSPHRONEMIDAE 
   Colisa fasciatus* 
   C. lalius 
SCATOPHAGIDAE 
   Scatophagus argus 
POLYNEMIDAE 
   Eleutheronema   tetradactylum 
   Polynemus paradiseus* 
URANOSCOPIDAE 
   Uranoscopus congnatus 
GOBIIDAE 
   Apocryptes bota 
   Brachygobius nunus 
   Boleopthalmus dussumieri 
   Glossogobius giuris* 
   Gobiopterus chuno 
   Pseudapocryptes lanceolatus 
   Periopthalmodon  schlosseri  
   Stigmatogobius sadanundio 
GOBIODIDAE 
   Bathygobius orbicularis 
   Odontamblyopus rubicundus 
   Taenioides anguillaris 
   T. cirraatus 
ELEOTRIDIDAE 
   Eleotris fusca 
SILLAGINIDAE 
   Sillago sithama 
   Sillaginopsis panejus 
CARANGIDAE 
   Carangoides malabaricus 

   Caranx carangus 
   Megalaspis cordyla 
PARASTROMATEIDAE 
   Parastromateus niger 
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STROMATEIDAE 
   Pompus argenteus    
   Stromateus cinereus 
EPHIPPIDIDAE 
   Drepene punctata 
MULLIDAE 
   Parupeneus indicus 
   Upeneus vittatus 
   U. Sulphureus 
TERAPONIDAE 
   Terapon jarbua 
   Terapon theraps 
TRITURIDAE 
   Triturus haumala  
   T. savala 
SCIAENIDAE 
   Johinus coitor 

   J. gangeticus 

   Pama pama* 
   Otolithoides biauritus  
   Sciaena biauritus 
LOBOTIDAE 
   Lobotes surinamensis 
HAEMULIDAE 
   Pomadasys maculatus 
   P. argenteus 
SPARIDAE 
   Acanthopagrus latus 
CICHLIDAE 
   Oreochromis nloticus 
MUGILIDAE 
   Liza parsia 
   L. tade 

   L. macrolepis 
   Mugil cephalus 
   Rhinomugil corsula* 
   Sciamugil cascasia* 
   Valamugil cunnesieus 
MASTACEMBELIDAE 
   Mastacembelus armatus* 
   M. pancalus  
   Macrognatus aculeatus* 
   M. puncalus 
TETRADONTIDAE 
   Tetradon cutcutia* 
TRIACANTHIDAE 
   Triacanthus brevirostris 
HEMIRASMPHIDAE 
   Hyporhampus limbatus 
BELONIDAE 
   Xentendon cancila* 
   Strongylura strongylura 
ORYZIIDAE 
   Oryzias melastegma 
APLOCHEILIDAE 
   Aplocheilius panchax 
SYNGNATHIDAE 
   Microphis cuncalus 
DACTYLOPTERIDAE 
   Dactylopterus orientalis 
CHANNIDAE 
   Chanda nama* 
   Channa marulius* 
   C. orientalis* 
   C. punctatus* 
   C. striatus* 

SYMBRANCHIDAE 
   Monopterus cuchia 
CYANOGLOSSIDAE 
   Cyanoglossus arel  
   C. cyanoglossus  
   C. lingua 
SOLEIDAE 
   Euryglossa orientalis 
   Synaptura albomaculata 
SCORPAENIDAE 
   Pterois russellii 
SYNANCELLIDAE 
   Minous coccineus  
PLATYCEPHALIDAE 
   Platycephalus indicus 
BATRACHOIDAE 
   Batrichthys grunnies 
PLOTOSIDAE 
  Plotosus canius 
KURTIDAE 
   Kurtus indicus 
MURAENIDAE 
   Lycodontis tile 
MEGALOPIDAE 
   Megalops cyprinoides 
TRICHIURIDAE 
    Trichiurus spp. 
   
   
   
   

* The species marked were also recorded in fresh water zone (UG-LG3)       
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Appendix-IV 

Cartillngineous fishes (Class- Chondrichthyes) of Hooghly estuary: 
 

Families Species 
Carcharhinidae Aetobatus narinari 
Carcharhinidae Carcharhinus limbatus 
Carcharhinidae Glyphis gangeticus 
Dasyatidae Dasyatis bleekeri 
Dasyatidae D. marginata 
Dasyatidae D. stephen 
Dasyatidae D. uarnak 
Dasyatidae D. zugei 
Hemiscylliidae Chiloscyllium griseum 
Pristidae Pristis microdon 
Rhinobatidae Rhinobatos annandalei 
Sphyrnidae Eusphyra blochii 
Stegostomalidae Stegostoma fasciatum 
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Appendix-V 

Gears used in the Ganga river: 
 

Gear Used In The Ganga River (Fresh Water Zone) 
(Major Drag Net) 

Gear with mesh 
Size 

Area of Operation Season of Operation Probable catch 

Mahajal 
 (5-12 cm) 

Haridwar d/s Intensively used in 
winter Oct./Nov. to 
March/April 

Large size Catla, Rohu, Mrigal, 
Calbasu, Sperata, Pangus. 

Paundhi Jal (like 
Mahajal)(4-8 cm) 

Varanasi to Patna at  
middle stretch only 

October-July Mostly Major Carps, Cat fishes, 
Hilsa, Pangus, Silondia etc. 

Kadhiya Jal  
(Similar to 
Mahajal)  
(12-15 cm) 

Operated mostly in deep 
waters during summer 
around Allahabad, 
Mirzapur & Varanasi 

Summer Mainly Major Carps and  
larger catfishes. 

Par Jal (5-8 cm) Yamuna − Mostly Major Carps and Catfishes. 
Darwari 
(1.5-3.5 cm) 

Allahabad Zone Winter and summer  
November-June 

Small fishes like Garua, Vacha, 
Banspati, Juveniles of Carps. 

Chaundhi Jal 
(8-10 cm) 

Most prevalent in 
stretches of Ganga around 
Allahabad 

Whole year except 
during monsoon, 
Maximum in summer 

Besides Mystus sp., Mrigal is 
also captured. 

Chhanta Jal 
(4-8 cm) 

Because of its entangling 
properties it is suitable 
even in deep waters. 

Whole year except 
during monsoon, 
Maximum in summer 

All species, but mostly 
juveniles of Carps and Cat 
fishes. 

Joha Jal 
(4-8 cm) 

Deep pools of Ganga 
where currents are mild 

November to April Mostly Mrigal, Catla, Aor  
and Seenghala. 

Ghanaili Jal 
(1-4 cm) 

Restricted to monsoon  
season only in Bihar and  
in UP-round the year 

− Almost all fishes that come 
in the sweep. 

Berjal (largest of 
dragnets 5-10 cm) 

Below Rajmahal in Bihar After monsoon when 
water starts receding 

Mostly Hilsa, Silondia, 
Pangus and Major Carps. 

Tana Ber Jal- 
(Smaller dragnet 
4-8 cm) 

Lower reaches of Ganga 
around Bhagalpur. 

− − 

Chandi Jal 
(2-3 cm) 

Upper Ganga system, 
shallow clear and calm 
water towards mid river. 

− Mullets, Garua, Vacha, Chela spp. 
etc. 

Patia Jal Upper stretches of Ganga 
narrow and shallow nalas 

  Only small sized fishes  
caught. 

 (Minor Drag Net) 
(a) Dondi Jal 
      (2 cm) 
(b) Hala Jal 
       (2-3 cm) 

− 
 
West Bengal 

− 
 
− 

Carp juveniles, smaller Catfish and 
others like Chela etc. 
Carp juveniles, smaller, Catfish and 
others like Chela etc. 

Chote Jal Lower reach of Yamuna 
around Allahabad Narrow 
sheet of water  

During first monsoon 
when breeders ascend 
the fields to breed 

Mostly matured Mrigal, Catla, Rohu, 
Calbasu, Mystus spp., Wallago etc. 

Bayali Jal Stretch of Yamuna around 
Allahabad. 

− Calbasu and Rita taking shelter in 
creeks of rocky bed. 

Jhingur Jal Middle Stretch of Ganga October to May − 
(Gill Nets) 

Gochhali Jal − January to July Big Catfishes and Carps, Bagarius, 
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(10-30 cm) also during monsoon Wallago, Silondia, Mystus sp.  
Dharmo Jal 
(20-30 cm) 

Ganga around Allahabad Monsoon Major Carps move for spawning. 

Tiar Jal 
(15-30 cm) 

Shallow waters December to July Mystus sp. Commonly captured. 

Phasla Jal  
(16-25 cm) 

Entire Ganga system − Rohu, Catla, Mrigal, Aor, Wallago 
and other bigger fishes are 
captured. 

Chandi Jal 
(4-5 cm) 

Mostly in West Bengal for 
Hilsa fishing 

− Hilsa fishing 

Panjia Jal 
(15-20 cm) 

Patna and Bhagalpur of 
Bihar 

  Major Carps and Catfishes. 

Saraila Jal 
(15-30 cm) 

Between Varanasi and  
Patna. 

− Cat fishes. Sometimes Catla, Rohu 
and Mrigal. 

Phansa Jal (5 cm) Buxar-Hilsa (Bihar) November-March Hilsa 
Phans Jal 
(15-25 cm) 

Lower Stretch in Murshi- 
dabad Dist. 

− Large size Rohu, Catla and other 
fishes. 

Bhasa Kona Jal 
(5 cm) 

− July-October Primary Hilsa. 

 (Purse Net) 
Sangla Jal 
(5-10 cm) 

Near Allahabad increases 
in concentration along 
Ganga down stream 

Mostly monsoon and 
early winter months 

Exclusively for Hilsa. Besides Phasa, 
Garua and Vacha are also rarely 
caught. 

Sangila Jal 
(8-18 cm) 

Middle and lower 
stretches of Ganga 

October-December Mostly bigger specimens of Major 
Carps and Cat fishes. 

Kharki Jal  
similar to Sangla 
Jal 

− During monsoon Hilsa 

(Scoop Net) 
(a) Ghanch Jal 
      (4-8 cm) 
(b) Kharra Jal 
(Similar to Ghanch 
Jal  in    
measurement) 

Below Confluence  
(Allahabad) 
− 

− 
 
October-March 

Main catch-Hilsa. 

Paunti Jal 
(5-8 cm) 

Lower stretch of Ganga 
below Patna 

Fast current during 
monsoon and post 
monsoon months 

Hilsa, Goonch, Silondia, Major Carps. 

Farhara Jal 
like Ghanch Jal 
(1-1.5 cm) 

Allahabad and Varanasi Round the year Carp minmous and other small 
fishes. 

Mang Bisara Jal 
(Biggest scoop 
net) (1-3 cm) 

Buxar-Patna − All fishes big and small sizes. 

Thehra Jal 
(Big scoap net) 

Santal Parganas and 
Murshidabad districts of 
Bihar & W. B. 

During monsoon when 
Hilsa ascend for 
spawing 

Mostly Hilsa. 

Bisari Jal 
(Common scoop 
net) (0.5-2 cm) 

Entire stretch of Ganga. Off seasons in shallow 
waters near bank. 

Chela, Morar, Chapra, and other 
small fishes like carp, smaller Cat 
fishes shrimps etc. 

Lokani Jal Around Allahabad Summer and Winter  Mullets only. 
Bhesal Jal Lower stretch of Ganga in 

West Bengal 
− Major Carps, Hilsa, Cat fishes 

occasionally. 
 (Cast Nets) 

Jhinguri jal  Throughout the Ganga,   Small fishes like Carp minnows, 
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(0.5-2 cm) generally from bank also 
from below Varanasi & 
Ballia. 

Catfishes, Chela spp. Shrimps etc. 
Fingerlings of major carps and 
bigger prawns. 

Adhaukhi Jal 
(5-8 cm) 

River Yamuna and also 
between Patna-Baichal 
and West Bengal. 

  Rita, Silondia, Calbasu. 

(Traps) 
Kuriyar 
(5-10 cm) 

  − Mainly major carp, carp, cat fishes, 
shrimps, Chela etc. 

Sirki Common in the middle 
stretch of Ganga from 
Allahabad-Patna. 

− Exclusively used for capture of 
Mrigal, Chela spp. Aspidoparia 
morar & other Carp minnows are 
also occasionally caught. 

(Long Lines) 

Gear with mesh 
Size 

Area of Operation Season of Operation Species Caught with sizes 

Jor Used when most of the 
gears become in effective 

− Garua, Vacha, Rita, Notopterus, 
Seenghala and some times Silondia 
and Pangus. 

Dori − − All Major carps. 
Dauni Ganga near Bhagalpur − Exclusively for Garua catch. 

Gear Used In The Estuarine Zone 
Gear with local 

name 
Area of Operation Season of 

Operation 
Species Caught  

1.  Trawl nets : 
(Moi, Ketta, Buro, 
Kantni & kachhi) 

LG Nov./ June Prawns, also miscellaneous. 

2.  Sine nets : 
(a) Large :  (Jungla, 
Kachal and  
Jagatber) 
(b) Medium & 
small 
(1) Ber 
(2) Charghers, 
(3) Kachal and  
(4) Chatber 

LG Nov.-Feb. 
(Occasionally in 
Monsoon) 
(1)  All seasons, 
(2)  All seasons, 
(3)  March- July, 
(4)  Nov.- August 

H. ilisha, T. jella, P. pama, Setipinna 
spp. & S. biauritus 
(1)  Mullets, Perches, Polynemids and 
sciaemids (P. pama) 
(2)  Mullets, perches (S. panijus), 
Polynemids & Sciaenids (P. pama) 
(3)  H. ilisha, (young) and Others 
(4). H. ilisha (young). S. phasa, Prawns 
and other fishes.  

3.  Purse nets : 
(sanglo, Dar and 
Khorke) 

LG July-Oct. and Jan-
March. 

H. ilisha only. 

4.  Drift nets : 
(1) Chhandi, 
(2) Dholi 
(3) Kona (Bhasa-
Kona, Ghai-Kona, 
Ghalo-Kona 
(4) Shele and 
Bhasa-larang  

LG (1) Monsoon and 
Winter (intensity in 
Monsoon) 
(2)  Nov.-May 
(3)  Feb.-Sept. 
(4)  Nov.-May  

(1)  H. ilisha, other (I. elongata, H. toli, 
Setipinna spp.) and S. cinereus 
(2)  H. ilisha & S. phasa 
(3)  H. ilisha 
(4)  P. indicus and S. biauritus 

5.  Lift nets :  
Bhesal, Garabheal, 
Naukabhesal, 
Pata, Thela, Seitki, 
Thapa, Dhain, 
Tana, Char and 

LG All seasons Mullets, I. elongata, Setipinna spp. and 
Prawns. 
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Koli 
6.  Cast nets : 
Bachari & Kepla 

LG All seasons P. paradiseus, P. pama, P. pangasius 
and Prawns. 

7.  Bag nets :  
(Stationary) 
(1) Been 
(2) Behundi 
(3) Thor 
(4) Atone  
(5) Gopa 

LG All seasons (1) (2) and (3) Almost all species 
especially, H. nehereus, Prawns, P. 
pama,Trichiurus spp., Setipinna spp. I. 
elongata, mullets & S. paningus 
(5) L. Calearifer and S. biauriturs. 

8.  Set gill nets :  
(1) Barang  
(3) Khota 
(4) Khuti 
(5) Patang 
(6) Geba-Chandi  

LG (1) Nearly all 
seasons (2)−(5) 
Monsoon and 
Winter 

(1)  L. calcarifer and S. biauriturs  
(2) − (5) H. ilisha & other clupeids. 

9.  Set- Barrier 
nets : 
(1) Pata 
(2) Char-para 
(3) Khat pata, 
(4) Khal ghera 
(5) Kumor 

LG All seasons All species, particularly Prawns, M. 
parsia, Setipinna spp., P. pama, E. 
tetradactylum, L. calcarifer, and I. 
elongata. 

10.  Traps : Bitti, 
Dwarbitti, 
Chaibitto and 
Bhasapata 

LG Monsoon 
May-Oct. 

Prawns 

11.  Hooks & Lines 
(Barsi) 

LG All seasons Catfishes, Perches, Polynemids, 
Scienids and Setipinna spp. 
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Preface 
 

In exercise of the powers conferred by sub-sections (1) and (3) of Section 3 of the 
Environment (Protection) Act, 1986 (29 of 1986), the Central Government has 
constituted National Ganga River Basin Authority (NGRBA) as a planning, financing, 
monitoring and coordinating authority for strengthening the collective efforts of the 
Central and State Government for effective abatement of pollution and conservation of 
the river Ganga. One of the important functions of the NGRBA is to prepare and 
implement a Ganga River Basin Management Plan (GRBMP).  
 
A Consortium of 7 Indian Institute of Technology (IIT) has been given the responsibility 
of preparing Ganga River Basin Management Plan (GRBMP) by the Ministry of 
Environment and Forests (MoEF), GOI, New Delhi.  Memorandum of Agreement (MoA) 
has been signed between 7 IITs (Bombay, Delhi, Guwahati, Kanpur, Kharagpur, Madras 
and Roorkee) and MoEF for this purpose on July 6, 2010. 
 
This report is one of the many reports prepared by IITs to describe the strategy, 
information, methodology, analysis and suggestions and recommendations in 
developing Ganga River Basin Management Plan (GRBMP). The overall Frame Work for 
documentation of GRB EMP and Indexing of Reports is presented on the inside cover 
page. 
 
There are two aspects to the development of GRBMP. Dedicated people spent hours 
discussing concerns, issues and potential solutions to problems. This dedication leads to 
the preparation of reports that hope to articulate the outcome of the dialog in a way 
that is useful. Many people contributed to the preparation of this report directly or 
indirectly. This report is therefore truly a collective effort that reflects the cooperation of 
many, particularly those who are members of the IIT Team. Lists of persons who are 
members of the concerned thematic groups and those who have taken lead in preparing 
this report are given on the reverse side. 

 
Dr Vinod Tare 

Professor and Coordinator 
Development of GRBMP 

IIT Kanpur 
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1. Introduction 
Freshwater ecosystems are fragile environments, and are rich in biodiversity. No other 
group of organisms are believed to be more at risk than freshwater animals. Riverine 
wetlands are among the most productive life support systems in the world and are of 
immense socio-economic, ecological and bio-esthetic importance to mankind. 
Understanding the mechanism, driving losses in aquatic biodiversity, is important to the 
conservation and restoration of freshwater environments worldwide (Strayer and Dudgeon, 
2010). 
 

1.1 The River Ganga 
The Ganga originating from the mighty Himalayas, transverses a distance of 2525 km to 
meet the sea, at Bay of Bengal (Krishnamurti et al., 1991). Of this total length, 1450 km falls 
in Uttar Pradesh (including Uttaranchal), 445 km in Bihar and 520 km in West Bengal. The 
Ganga basin, 8, 61, 404 sq. km is the largest in India. The Ganga is unique among the mighty 
rivers of the world because of its largest delta - the Sunderbans (Behera, 1995). 
Ganga river system comprise of numerous torrents and tributaries. Most of the north-India 
tributaries like Ram Ganga, Sharda, Gandak, Gomti, Ghagra, Gandok and Kosi arise from the 
lower Himalayas passes through the Terai region before joining the Ganga. The major 
southern tributaries are the Chambal, Yamuna, Son and Subarnarekha rivers (Rao, 1995). 

The land around the river is used largely for agriculture and fisheries. The fishery resources 
of the Ganga river system are of tremendous economic and nutritional sustenance to the 
people of riparian states. 

2. Biological Resources (Higher Aquatic Vertebrates)      
of the River Ganga  

The river Ganga sustains diverse group of flora and fauna. Record of 268 fishes from the 
Ganga was the first-ever scientific documentation of the fauna of the river (Hamilton, 1822). 
Before that, Roxburgh (1801) reported Platanista gangetica from the river Hooghly near 
Calcutta. Anderson (1879) gave a detailed account of biology of the Gangetic Dolphin 
Platanista gangetica. Menon (1963) recorded fishes of the Ganga river in Himalayan region. 
Jayaram (1974) gave an account on distribution of freshwater fishes, amphibians and 
reptiles of the river Ganga. Jhingran and Ghosh (1978) studied the fisheries of the Ganga 
river system in the context of aquaculture. Zoological Survey of India has documented 27 
species of reptiles from the river (Sharma, 1991). Gharial (Gavialis gangeticus), a fish eating 
crocodile, Aspideretes gangeticus, a soft shell turtle, are some endemic reptiles of the river. 
One of the most rare, endemic and endangered mammals of the Ganga is the Ganga river 
dolphin, Platanista gangetica gangetica. These species have been heavily exploited in the 
last few decades, which have pushed them near to extinction. 
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2.1 Status of River Dolphin 
River dolphins are represented mainly by three species (Platanista gangetica gangetica, P. 
gangetica minor, Pontoporia blainvillei). Two species of Ganga river dolphin (Platanista 
gangetica gangetica) and Indus river dolphin (P. gangetica minor) are found in the Indian 
subcontinent. The Ganga river dolphin, locally known as Susu, is restricted to the Ganga, 
Brahamputra, Karnaphuli- Sangu, and Meghna river systems and their tributaries, from the 
foot hills of the Himalaya to the limits of the tidal zone in India, Bangladesh, and Nepal. In 
Ganga river, Dolphins are also present in its tributaries like Yamuna, Chambal, Ghaghra, 
Gandak, Rapti, Narayani and Kosi rivers (Roberts, 1997; Reeves and Brownell, 1989; 
Shrestha, 1989; Mohan et al., 1997; Smith et al., 2001). 
In recent years several workers estimated the population of Ganga river dolphin in different 
segments of Ganga river and its tributaries in Ganga and Brahmaputra river system and 
Sundarbans delta. Once believed to be in the tens of thousands their number has gradually 
reduced to four to five thousand with a further decline to a mere 1,800 individuals in all the 
tributaries of its distribution (Anderson, 1879; Jones, 1982; Behera et al., 2008; Behera, 
1995; Bashir et al., 2007, 2010; Singh, 2008). 

This species is exclusively riverine. Relatively high densities of dolphins are found at sites 
where rivers join or just downstream of shallow stretches, in areas where the current is 
relatively weak; off the mouths of irrigation canals; and near villages and ferry routes. In the 
river basins in India, the Ganga river dolphin is present mostly in plains where the rivers run 
slowly. This seems to be opposite to the habitat observed in Nepal, where the dolphin can 
be found in relatively clear waters and rapids. In both areas, however, there is a preference 
for deep waters (Reyes, 1991). Primary habitats are characterised by an eddy counter-
current system in the main river flow caused by a fine sand/silt point bar formed from 
sediment deposits of a convergent stream branch or tributary. Marginal habitats are 
characterised by a smaller eddy counter-current system caused by an upstream meander. 
Dolphins concentrate in locations of high prey availability and reduced flow (Smith, 1993). 
South Asian river dolphins have been found in water as cold as 8°C and as warm as 33°C 
(Reeves and Brownell, 1989). In the river Bramaputra , the number of dolphins occurring in 
different depths were found to be significantly different and the highest numbers were 
found in depths of 4.1-6.0 m (Wakid, 2009). In the Sundarbans mangrove forest of 
Bangladesh, Ganga river dolphin distribution was conditionally dependent on low salinity, 
high turbidity, and moderate depth during both low and high freshwater flow. Animals 
prefer wide sinuous channels with at least two small confluences or one large confluence 
(Smith et al., 2009). 

Dolphins are social animals and live in small to large groups, associated with many animals 
like crocodiles, turtles and wetlands birds. But in adulthood they turn solitary, remain alone 
or best in pairs, and may group during mating season where several males display courtship 
for the attention of the females (Behera and Rao, 1999; Hussain, 1993; Singh and Sharma, 
1985). Calving apparently can occur at any time of the year, but there may be peaks in 
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December to January and March to May. Newborn calves have been observed mainly in 
April and May. Calves are weaned within one year of birth (Jefferson et al., 2008). Gestation 
lasts 10.5 months (Reidenberg and Laitman, 2009).  

South Asian river dolphins feed on several species of small fish and invertebrates. They 
mostly feed at or near the bottom, echolocating and swimming on one side (Reeves and 
Brownell, 1989; Jefferson et al., 1993). The Ganga river dolphins show seasonal and diurnal 
migration for feeding and maintaining their territorial behaviour. The marked seasonal 
changes in Susu distribution and density over much of its range at least in large part, are due 
to fluctuations in water levels. During the dry season from October to April, many dolphins 
leave the tributaries of the Ganga - Brahmaputra systems and congregate in the main 
channels, only to return to the tributaries the following rainy season. They may become 
isolated in pools and river branches during the dry season (Reeves and Brownell, 1989). 

The species is facing a series of threats for its survival due to poaching, construction of dams 
and barrages pollution; mining of sand and stones, and incidental catches in gillnets. The 
Ganga river dolphin is important not only because it is endangered, but perhaps more so 
because, it is a reliable indicator of the health of the Ganga river, in fact the whole river 
ecosystem. In spite of being a "flagship" species, representing an ecosystem in need of 
conservation, its status has become a matter of grave concern over the past few decades. 
This is why the government of India declared this animal as the “National Aquatic Animal”, 
during the year 2009. Close monitoring of dolphins and their habitats involving local 
communities is required for long term conservation of the species. It has been placed in 
Schedule-I of Wildlife (Protection) Act of India (1972). Appendix-1 reported in the 
Convention on International Trade in Endangered Species (CITES) (IUCN, 2009) had listed the 
species as “Endangered” (Behera, 1995; Singh, 2001; Anon, 2006; Choudhary et al., 2006; 
Behera et al., 2008).  

The population status of dolphins in the Ganga river and its tributaries are given in Table 1 
and Table 2. 
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Table 1: Population status of dolphins in Ganga river and its tributaries 

Name  of  the  river 
Length  of  
the river  
surveyed 

Dolphin number Source 

The  Ganga  main  stem 
The Ganga (Haridwar to  Bijnor Barrage) 100 km Nil Behera, 1995, Sinha  et  al. (2000)  

The Ganga (Bijnor  Barrage  to 
Narora Barrage) 169 km 56 

WWF-India   Survey Report (pers.  
comm.  S.  Behera  (2010) 

 
The Ganga (Narora  to  Kanpur) 

 
300 km 

 
03 

Table continued to next page…. 
WWF-India Survey Report (pers.  
comm.  S.  Behera  (2010) 

Kanpur to Allahabad Survey Report 200 km 78 
WWF-India   Survey Report (pers.  
comm.  S.  Behera  (2010) 

The  Ganga (Allahabad to Buxar) 425 km 172 (d/s survey) Sinha et al. (2000) 

The Ganga (Buxar to Maniharighat) 500 km 808 (u/s survey) Sinha et al.  (2000) 

The Ganga (Maniharighat  to Farakka) 100 km 24 (d/s survey) 
unpublished  data  of  Dec. 2004 
(Sinha, 2004) 

The Farakka Feeder canal 38 km 21 (d/s survey) Sinha et al.  (2000) 

The  Bhagirathi (Jangipur 
Barrage to Triveni) 

320 km 119 (d/s survey) Sinha et al.  (2000) 

The Hooghli (Triveni Ganga Sagar) 190 km 97 (d/s survey) (pers.  comm.  G.  Sharma 2008) 

Tributaries  of  the  Ganga 

The  Yamuna  (from Confluence of Chambal 
to  Hamirpur) 

350 km 60 (d/s survey) 
WWF-India Survey Report (pers.   
comm.  S.  Behera 
2010) Sinha et al.  (2000) 

The  Kosi (Kosi Barrage to Kursela) 200 km 
85 (discrete 
survey) 

Sinha and Sharma  (2003) 

The Gandak  (Gandak Barrage to  confluence 
with  Ganga  at Patna) 

320 km 290 (d/s survey) multi-organizational survey  2010 

The  Gherua (India-Nepal border  to 
Girijapuri  Barrage) 

20 km 23 (d/s survey) 
Smith et al. (1994) 
 

The Sarda (Sarda Barrage  to Palya) 100 km Nil Sinha  and  Sharma (2003) 

The Chambal (Pali to Pachhnada) 425 km 79 Singh (2010) 

The Ken (from confluence of 
Yamuna at Chilla to Sindhan Kala  village) 

30 km 08 (d/s survey) Sinha et al. (2000) 

The Kumari (from confluence of  Sind  River) 100 km Nil Sinha et al. (2000) 

The Betwa (from confluence 
of the Yamuna at Hamirpur  to Orai 

84 km 06 (d/s survey) Sinha et al. (2000) 

The   Sind (from   confluence 
with  the  Yamuna) 

110 km 05 (d/s survey) Sinha et al. (2000) 

The  Son 130 km 10 (d/s survey) Sinha et al. (2000) 

The  Brahmaputra 
600 km 
856 km 

400 (1996) 
197 (2004-05) 

Mohan (1997) pers.  comm.  A.  
Wakid 

The  Barak  river 17 km 
02 (1999), 
08 (2004),  
06 (2006) 

Pers. comm. Paulan Singh 

The  river Subhansiri   99 km 26 Wakid (2009) 

The  river  Kulsi 76 km 27 Wakid (2009) 
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2.2 River Dolphin in Ganga River  
Study  of  the  stretch  from  Bijnor  to  Narora  to  know  the  status  of  Ganga river  dolphin  
began  in 1993 and  recorded  a  population  of  22 Ganga river dolphins  in  1993 to 95.  
This  comprise  of  eight  calves,  four  adolescents  and  ten adults  (six  females  and  four  
males) (Rao, 1995; Behera and Rao, 1999; Behera, 1995).  
During  the  study  period  of  1997  a  total  of  35  dolphins  were  recorded  in  a  stretch  
of  165  km from Bijnor to Narora. The concentrated population was recorded in between 
Brijghat and Narora. However during flood these animals migrate up to Bijnor.  The crude 
population density is estimated as 1 dolphin per 4.71 km. Ecological density of dolphins in 
between Brijghat  and  Narora  was  also estimated  as  1  dolphin  per  2.34  km. During  dry  
seasons  the  dolphins  preferred  only  82  km  of  the  river  stretch  whereas  during  
monsoon  they  inhabited  in  a  stretch  of  165  km.  These  results  indicate  that  the  
dolphin  in  the  study  area  gets  a  proper  habitat  of  around  82  km  during  dry  season  
and  165  km  during monsoon (WWF, 1997, Unpublished). However,  a  year  later  (January  
1998)  the  same  stretch  showed  the  population  of  35  individuals of  which  7  were  
identified  as  males,  8  were  females,  11  were  adolescents  and  9  were  calves. In  the  
year  2002  WWF, India  conducted  a  survey  from  15th December  to  31st  December  
2002  in  the  upper  Ganga  river  from  Brijghat  to  Narora covering  a  distance  of  approx.  
85  km  and  estimated  a  population  of  around  39  dolphins  (WWF-1998; Behera, 2002). 
Plate 1 showing the image of Ganga river dolphin (Platanista gangetica gangetica). Plate 1 
showing the dolphin (Platanista gangetica gangetica)  in the Ganga. 

   

Plate 1: Ganges river dolphin (Platanista gangetica gangetica) in river Ganga  

Table 2: The survey conducted by WWF (Year wise) between 2003-2010 recorded the   
dolphin population as 

Year Adult Young Calves Total 

2003 27 7 8 42 

2004 19 7 13 39 

2005 30 - 10 42 

2007 30 - 15 45 

2008 32 - 14 46 

2009 32 18 4 54 

2010 35 17 8 60 
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2.3 Status of Crocodiles  

Crocodilians are survivors from the great reptilian age and are recognized as keystone 
species in their environment  due to the role they play in maintaining the ecosystem and 
function by their activities. Gharial, a mythical creature, is revered as the vehicle (Vahana) of 
Ganga (River Deity) and Varuna (God of winds). Traditionally the animal has been identified 
with water, the source of all existence and fertility. It is the lone survivor of family 
Gavialidae. 
In India many rivers, lakes and marshes offer a variety of habitats for three species of 
crocodiles (Gharial, mugger and salt water crocodile). Of these Gharials (Gavialis gangeticus, 
Hussain, 2009) are present in the Ganga river and its tributaries particularly in northern 
India. Gharials are also recorded in Mahanadi river of Orissa and Brahmaputra river in 
Assam, and the salt water crocodile lives in the brackish waters in the coastal states. The 
early records reveal that these aquatic reptiles at one time were very abundant throughout 
their distribution range. However due to commercial exploitation and habitat destruction 
populations of crocodile species were reduced to near extinction. In many of the habitats 
the crocodile populations were totally wiped out. Considering their vulnerability, the 
Government of India enforced protective legislation through the Indian Wildlife (Protection) 
Act, 1972 which prohibits killing (Smith, 1933; FAO, 1974; Rao, 1994). 

All the three species of Indian crocodiles have been extensively studied in different corners 
of the country but the microhabitat of the crocodiles was not studied in details. To conserve 
crocodiles generally and to develop crocodile farming in India, a captive breeding 
programme for all three species of crocodiles found in India (Indian mugger crocodile, 
saltwater crocodile, and the Gharial) was initiated in 1975. As a part of this programme, 
captive reared crocodiles were reintroduced into newly created protected wetland areas to 
boost wild populations (Singh, 1978, 1985; Bustard, 1980; Kar, 1981; Choudhury, 1981; 
Whitaker and Basu, 1983; Whitaker and Whitaker, 1989; Sharma and Basu, 2004). 

The Gharials (Gavialis gangeticus, Hussain, 2009), endemic to the Indian subcontinent, was 
once common in the river systems of Pakistan, Northern India, Bangladesh, Myanmar and 
Bhutan. However, they are now restricted to a few, scattered locations in India and Nepal. 
The Gharial, is becoming increasingly rare due to land-use changes, reduction in water flow, 
modification in river morphology, loss of nesting sites, increased mortality in fishing nets, 
egg collection for consumption, and is especially at risk from flow regulation because it 
prefers fast flowing river habitats, which are prime sites for dams (Whitaker and Basu, 1983; 
Hussain, 1999; Dudgeon, 2000). By 1976, the estimated adult population of wild Gharial had 
declined from what is thought to have been 5,000 to 10,000 in the 1940s to less than 200. In 
2006, the mature Gharial population in India stands at a similar figure, less than 200 
(Whitaker et al., 1974). The Gharial population is given in Table 3, 4 and current distribution 
(IUCN) in Figure 1. 

In general the river Chambal holds the largest population with an upper estimate of 306 
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adult animals. Katerniaghat Wildlife Sanctuary holds the second largest population with an 
upper estimate of 68 adult animals (Converse, 2009). The other smaller populations of 
Gharial is in Ken and Son rivers in Madhya Pradesh, Hooghly river in West Bengal, Corbett 
Tiger Reserve in Uttarakhand and Gandak river in Bihar.  

The Ganga river is a major habitat for both the species of freshwater crocodile. Old records 
indicate that the crocodile abounded in all the great rivers of northern India including the 
Ganga river. However, by early 1970’s populations of crocodiles has been very much 
reduced. Crocodiles in many rivers including river Ganga have been illegally hunted for skin, 
meat and medicine. Under the crocodile project, few important crocodile habitats were 
identified in India and protected by declaring them as crocodile sanctuaries. In these 
sanctuaries captive reared crocodile were released regularly since 1977. The Uttar Pradesh 
forest department had released a total of 225 captive reared Gharial in the Ganga river 
upstream of Bijnor in the Hastinapur sanctuary in the year 1991-92. Majority of the 
crocodile releasing sites have received protection under Indian Wildlife Protection Act 1972 
(Shortt, 1921; FAO, 1974; Rao, 1994).  

Rao (1995) conducted a survey in the river Ganga and found a significant record of adult 
Gharial from Anupsahar in district Bulandshahar. During October 1994, three Gharials were 
reported in the river Ganga downstream of Narora barrage. The Gharials in the Hastinapur 
sanctuary have been released in an area, where large scale fishing has been noticed. Due to 
the fishing activities in this stretch all Gharials might have been killed in fishing nets. 
Possibility of migration of released Gharial may be another factor for not locating them in 
the study area. These animals always avoid human interference in their habitats. Figure 1 
showing the current distribution of the Gharial. Rao, in 1995 conducted a survey in the 
upper Ganga river and reported presence of mugger from many places of the Ganga river at 
Narora downstream of barrage, a total of 20 mugger hatchlings have been located. Since 
there is a heavy human activity along the river Ganga, it was observed that mugger prefer 
living in the lower Ganga river canal.  

 
Figure 1: Current distribution of the Gharial (Source: IUCN) 
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Table 3:  Gharial population size reduction (Source:  IUCN, 2009) 

River systems 
Population size (inferred) 

three generations ago (1946) 
Population size  at 

present (2006) Estimated reduction 

Ganga River <200 

Mahanadi River 2 

Overall 5,000 to  10,000 <200 96% 
 
Table 4: Recent declines in the number of adult Gharial by subpopulation (Source: IUCN, 

2009) 

Sub population 
Past Present Estimation % reduction within 

one generation 

Chambal 226 (1977) 78 [2006] [68 f + 10 m] 13% 
Katerniaghat 30 (1997) 26 [2006] [20 f + 6 m ] 66% 
Others 50 (1997) 40 [2006] 20% 

Overall 306 114  
(f = females, m = males) 

Gharial arguably are the most thoroughly aquatic of the extant crocodilians, and adults 
apparently do not have the ability to walk in a semi-upright stance as other crocodilians do. 
They are typically residents of flowing rivers with deep pools that have high sand banks and 
good fish stocks. Exposed sand banks are used for nesting (Whitaker and Basu, 1983). 

Young gharials eat insects, larvae, and small frogs. Mature adults feed almost solely on fish, 
although some individuals have been known to scavenge dead animals. Their snout 
morphology is ideally suited for preying on fish. Their long, narrow snouts offer very little 
resistance to water in swiping motions to snap up fish in the water. Their numerous needle-
like teeth are ideal for holding on to struggling, slippery fish. Gharials will often use their 
body to corral fish against the bank where they can be more easily snapped up (Piper, 
2007). 

The mating season is during November through December and well into January. The 
nesting and laying of eggs take place in the dry season of March, April and May. This is 
because during the dry season the rivers shrink a bit and the sandy river banks are available 
for nesting. Between 30 and 50 eggs are deposited into the hole that the female digs up, 
before it is covered over, carefully. After about 90 days, the juveniles emerge, although 
there is no record of the female assisting the juveniles into the water after they hatch 
(probably because their jaws are not suited for carrying the young due to the needle like 
teeth). However, the mother does protect the young in the water for a few days until they 
learn to fend for themselves. 
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2.4 Mugger Habitat 

Mainly a freshwater species, the mugger crocodile is found in lakes, rivers and marshes. 
Muggers prefer slow-moving, shallower bodies of water rather than, fast-flowing, deep 
areas. Also known to thrive in man made reservoirs and irrigation canals. Although it prefers 
freshwater, it has some tolerance to saltwater therefore is occasionally reported from 
saltwater lagoons. It is sympatric with the gharial (Gavialis gangeticus) in some areas of 
India and with the saltwater crocodile (Crocodylus porosus) in other areas, but separated by 
habitat most of the time. It is adapted to terrestrial life like its cousin, the Cuban crocodile, 
more than most crocodilians, but is ecologically most similar to the African Nile crocodile. It 
is known to be more mobile on land, can migrate considerable distances over land in search 
of a more suitable habitat. It can chase prey on land for short distances. They are also 
known to dig burrows as shelters during the dry season. 

Being a large carnivorous reptile, the mugger crocodile eats fish, other reptiles and small 
mammals, such as monkeys. In fact, most vertebrates who approach the river to drink water 
are potential prey, and may suffer being seized and dragged into the water to be drowned 
and devoured at leisure. Large adults will sometimes prey on large mammals such as deer, 
including the 225-kg sambar deer, and the 450-kg domestic water buffalo. At night they 
sometimes hunt on land, lying in ambush near forest trails (Dinets, 2011). This species is 
generally considered to be occasionally dangerous to humans, but no where near as 
notorious as the much larger (and, in India, less common) saltwater crocodile. 

2.5 Status of Turtles  

India is bestowed with a great variety of Chelonian fauna. Five families of Chelonians in the 
class Reptilia are represented in India. Among them 2 families Emydidae and Trionychidae 
are freshwater turtles, with 16 and 6 species, respectively. A nation wide project on 
distribution of turtles and tortoises has been carried out by Wildlife Institute of India in 
collaboration with U.S. Fish and Wild-life Service (Choudhury and Bhupathy, 1993). 

Rao (1991) studied ecological relationship among turtles in the Chambal river. According to 
him, 7 species of freshwater turtles are distributed throughout the 500 km stretch of the 
Chambal river which is a major tributary in Ganga river system. Occurrence of freshwater 
turtles in Ganga river and its tributaries were recorded by many authors. In the middle 
Ganga (Haridwar- Allahabad) a total of 12 freshwater turtle species have been identified. 
The Kachuga sp. is dominated with 5 species (K. smithii, K. tecta, K. tentoria, K. dhongoka 
and K. kachuga) followed by two species of Aspideretes (A. gangeticus and A. hurum) and 
one each species of Chitra indica, Lissemys punctata, Hardella thurjii, Geoclemys hamiltoni 
and Melanochelys trijuga (Sharma, 1991; Choudhury and Bhupathy, 1993; Rao, 1995; Smith, 
1933; Das, 1985; Sharma and Tikedar, 1985; Krishnamurthy et al., 1991). Kachuga dhongoka 
was reported from Northeast India in river Ganga at Allahabad and in river Yamuna at 
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Bateswar (U.P.). Occurrence of Kachuga dhongoka in Chambal was reported by Rao (1991). 
In middle Ganga from Gangdaspur in Bijnor district distribution of common species of turtles 
in Ganga is given in Table 5. 

Table 5:  Status and distribution and of freshwater Turtles in river Ganga  

S.N Common name Species IUCN 

1 Three striped roof turtle Batagur dhongoka Endangered 

2 Red crowned roof turtle Batagur kachuga Critically Endangered 

3 Narrow headed soft shell turtle Chitra indica Endangered 

4 Spotted pond turtle Geoclemys hamiltonii Vulnerable 

5 Crowned river turtle Hardella thurjii Vulnerable 

6 Indian flap shell turtle Lissemys punctata Lower risk  

7 Indian black turtle Melanochelys  trijuga NT 

8 Indian soft shell turtle Nilssonia gangeticus Vulnerable 

9 Indian peacock soft shell turtle Nilssonia hurum Vulnerable 

10 Brown roofed turtle Pangshura smithii NT (lower risk) 

11 Indian roofed turtle Pangshura tecta Lower risk  

12 Indian tent turtle Pangshura tentoria Lower risk  

 

2.6 Turtle Habitats 
In order to describe the habitat preference of the turtles, the Ganga river was classified into 
following habitat types depending on the nature of the bank and the river depth during hot 
season. 
1) Both banks are muddy, formed by the soil erosion of the adjacent land. The river depth 
varies from 5-15 m. Most of these banks are used for extensive agricultural. These are the 
basking site of both hard-shell and soft-shell turtles. 

2) One bank is sandy and the other bank is either muddy or hard soil. The river is shallow as 
well as deep, 2-15 m. Mid river islands with alluvial deposit are also present. There are 
alterations to the sand banks every year due to erosion and deposition during monsoon high 
water. Hard shell turtles construct nests on the sand banks or the islands are used for laying 
eggs. The sand banks are used for cultivation, mostly of water melons, vegetables, etc. 
during different seasons. 

3) At many places long rivulets bring rain water from the surrounding catchments area. 
Some of these canals extend more than 1 km from the main river. During the monsoon 
season, the flood waters enter into the canals and thereby the water levels fluctuate 
depending on the rains. Soft shell turtles nest in these canals. Villagers carry out agricultural 
activities during the post monsoon season. 
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4) Due to the construction of the Madhya Ganga and Lower Ganga barrages at Bijnor and 
Narora, respectively the water has been stored upstream, resulting into large reservoirs and 
downstream barrages the river is very shallow with less flow of water. Soft shell turtles 
prefer to live in reservoirs here unlike the hard shell turtles which live in the flowing waters 
as these animals require large tracts of sand banks for nesting. 

5) Freshwater turtles in the river Ganga use all the above mention habitat types for basking, 
feeding and nesting purposes. It was observed that all age classes of each species of turtles 
were encountered frequently. This is a good indication of successful natural breeding of 
turtles in the Ganga river. The nesting and breeding status of different turtle species 
occurring in the Ganga river are shown in Table 6 and Table 7. Plate 2 showing the 
Chelonian fauna in the Ganga and its tributaries. 

 

 

Plate 2: Chelonian fauna in the Ganga and its tributaries 

Table 6:  Nesting sites of turtles between Bijnor to Kanpur 

S. No. Place 
GPS location 

Latitude Latitude 

1 Bijnor 29°34´214 78°05´971 
2 Maqdoompur 29°08´743 78°04´546 
3 Kalagarh 28°86´390 78°12´504 
4 Tighri ghat 28°79´329 78°14´148 
5 Garh 28°74´214 78°17´678 
6 Pooth 28°69´419 78°18´501 
7 Bhagwanpur 28°62´831 78°18´827 
8 Farida 28°49´750 78°24´590 
9 Awantika Devi 28°40´066 78°28´274 

10 Anoopshehar 28°32´633 78°29´149 
11 Karnavas 28°26´552 78°35´458 
12 Rajghat 28°21´067 78°19´228 
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Table 7: Breeding status of fresh water Turtles occurs in the Ganga river between 
Rishikesh and Kanpur 

S. No. Species Nesting season Hatching season 

1 Geoclemys hamiltone ? ? 
2 Melanochelys trijuga ? ? 
3 Batagur dhongoka December-February-April May 
4 Batagur kachuga December-February-April May 
5 Pangshura smithii October-December May 
6 Pangshura tentoria September-February May 
7 Pangshura tecta October-December May 
8 Lissemys punctata July-October July 
9 Chitra indica September October 

10 Nilssonia gangeticus August-October June/July 
11 Nilssonia hurum ? ? 
12 Hardella thurjii ? ? 

? – represents unknown nesting season 
 

2.7 Conservation Constraints 

A myriad range of anthropogenic activities have changed the site’s ecological characteristic. 
Overpopulation in the Ganga basin has exerted the population pressure and has changed 
the water and land use patterns drastically. Water is being extracted in a significant 
proportion for industrial and irrigation purposes. A large amount of treated and untreated 
sewage is also being discharged into the river from the larger towns around the banks of the 
river. Large numbers of industries are situated on the banks of the river. The discharge from 
them enters the river Ganga directly or indirectly. 

Agricultural activities in and around river basin is contributing to pesticides and herbicides 
through surface runoffs. Pollution through fertilizers is significantly high as the farmers are 
using more chemical fertilizers to increase the production. The contamination is further 
enhanced by flooding of irrigation lands caused by irregular water flow from the reservoirs 
in the upper reaches and inconsistent rainfall in the catchment. 

Irregular water flow from the reservoirs in the upper reaches also cause disturbance to the 
natural habitat of different aquatic animals including the dolphins. Irrigation canals have 
further decreased the water flow in the river which made the river too shallow for the 
dolphins to navigate and survive. 

The commercial over fishing along the river has affected the natural feeding habit of 
dolphins and crocodiles and life cycle of some endemic fishes. The sand mining activities 
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have caused habitat destruction of turtles and disturbed the nesting and basking ground for 
the crocodiles. 

Physiological or behavioral responses of aquatic organisms exposed to pollutants serve as 
important indicators of the environment. These animals in polluted environment 
accumulate toxic substances and suffer physiological stress i.e., diminished rate of growth, 
impaired reproductive capacity or modified behavior. The disturbance in habitat is also a 
great threat to the continued survival of the animals. 

There are several riverine indicator species which are threatened by human activities in the 
Ganga basin. However, the Ganga river dolphin, otters, gharials and the riverine turtles are 
few reliable indicator species to understand the health of the Ganga river ecosystem. 
Studying indicator species could create the basis for a sustained research programme to see 
how the changes of the said species can be related to the health of Indicator species in the 
river. This would help to implement various programmes for restoration of the river system. 

Barrages on the Ganga have an impact on the habitats of all aquatic animals like turtles, 
crocodiles and aquatic mammals. The other threats include fishing, hunting and pollution. 
River dolphin population has declined significantly due to construction of barrages in the 
upper reaches of the river systems, local populations have been cut off and new immigrants 
are blocked ultimately resulting to the extinction of the isolated population. 

Habitat protection remain the only viable long term means to ensure the survival of 
different animals. The level of impact of fishing activity on the aquatic species population 
still remains scientifically unknown. Since both fishermen and the higher aquatic species rely 
on food from the rivers for survival they interact in many ways. Synthetic twine is widely 
used in the nets, this may be deadly, because it not easily detected visually or acoustically 
by species like dolphins in the murky run-off waters generated by annual monsoon.  

At least two billion people on the earth depend upon rivers directly for provision of 
ecosystem services that can be characterized most simply as ‘food’, such as the benefits to 
be derived from fisheries, flood-recession agriculture, and dry-season grazing. Moreover, 
the value of freshwaters is bound to increase in the future, as ecosystems become more 
stressed and their goods and services scarcer. It will be a colossal challenge to reconcile 
human needs for water without compromising provision of goods and services that result 
from functioning ecosystems and the biodiversity that sustains them. 
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1. Introduction 
The Tenualosa ilisha, belongs to the subfamily Alosinae of family Clupeidae and is largely an 
anadromous species. It is capable of withstanding a wide range of salinity and travels great 
distances up-stream up to 1,200 km in inland water for breeding. The fish is highly priced in West 
Bengal, Orissa, and Tamil Nadu in India and also in Bangladesh. The largest yield of the Hilsa fishery 
comes from the deltaic region of the Gangetic system of India and Bangladesh. On account of its 
economic importance as well as its migratory habits, the Hilsa received the attention of fishery 
workers in India at a comparatively early date. Investigations on Hilsa first commenced in 1907 in 
the Department of Fisheries, Madras, followed by the Department of Fisheries, Bengal, Bihar and 
Orissa. However, very little information on the bionomics of the fish existed till 1938, when the 
Zoological Survey of India (ZSI) incidentally became interested on finding very small Hilsa in the 
settling tanks of the waterworks. The studies of Hora (1938 and 1941), Hora and Nair (1940a and b) 
and Prashad et al. (1940) brought out interesting facts on the life history and bionomics of the fish. 
Prashad et al. (1940) reported the seaward migration of Hilsa, and pointed out that very little 
attention has been paid to the marine phase of the fish’s life history in spite of regular commercial 
fishery.  
The marine distribution of the Hilsa coincides with the Indian monsoon region. Generally, the lower 
Ganga river basin region is characterized by relatively large continental shelf, monsoon winds, 
medium to high precipitation rate and run-off, surface temperature of 20°C to 30°C, surface current 
changing with the change of monsoons, medium to low organic productivity, presence of sub-
surface oxygen minimum layer and relatively low salinity of coastal waters (Pillay and Rao, 1962). 
The estuarine areas of the rivers and the brackish water lakes in the area are characterized by 
strong tidal action, high turbidity and heavy silting. The salinity fluctuates considerably; and in areas 
far from inland, the water may become entirely fresh during the monsoon months. The water level 
in the freshwater areas of rivers fall appreciably during the dry months; very often large areas and 
long stretches of the river bed are converted into chains of pools in which the fish fauna takes 
refuge. There is a fairly rich growth of plankton, except during the rainy season with greater 
abundance of zooplankton than phytoplankton (Pillay and Rao, 1962). 

 
Hilsa is known to be a fast swimmer (Southwell and Prasad, 1918). Tagging experiments have 
shown that the fish is capable of covering as much as 70.8 km in one day. Hilsa is generally found to 
move on the sea surface whereas in the river they move at a depth of 14-18 m (Mojumdar, 1939); 
though, on a cool or drizzly day they may rise to within 2 m from the surface. During their migration 
upstream the fishes congregate, but do not form dense shoals; however during winter months, 
they are found to form very large shoals. Hilsa assemble in large numbers below dams or other 
obstructions to their upstream migrations (Pillay and Rao, 1962). It was also noticed that the Hilsa 
move near the bottom of rivers and rise to the surface when they meet obstructions such as dams 
or anicuts (Southwell and Prasad, 1918). During, the breeding season Hilsa ascends the rivers and 
after spawning, returns to the original habitat where they remain till the next breeding season. It 
has been observed that the males move in the surface zone and the females in deeper areas (Pillay, 
1958). Eggs, larvae and juveniles of the Hilsa are found in the upper reaches of the river during the 
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south west monsoons (July-September) and again during the second half of winter (January-
February). From October till end of November and again during March, juveniles and young ones 
(up to 8 cm length) are found in the lower stretches and estuarine areas in lower Ganga river basin. 
Young fish of about 15-22 cm length occur along the foreshore areas during the winter months 
(December-February). The eggs occur in the sub-surface zones, while the juveniles appear to 
inhabit the subsurface waters, but later age groups move in deeper zones of water as well. 

 

1.1 Reproduction 
The species is mainly heterosexual. The breeding of Hilsa in the Ganga appears to be with the onset 
of the monsoon in July; with peak breeding from September-December (Motwani et al., 1957). The 
peak periods were found to be co-related with the flooding of the rivers owing to the south-west 
monsoon. As for the factors influencing spawning, it is generally held that the upstream migration 
of fish during the monsoon period is largely dependent on the flooding of the rivers. The second 
spawning migration was attributed to the general rise in temperature of water in the estuaries after 
the end of winter (Jones, 1957).  Further, it has been stated that the temperature has some 
influence on the ripening of the gonads and rainfall provides favorable conditions for spawning, 
during heavy rains the rivers are flooded, water becomes more turbid, current flow is faster, 
temperature is high and also there is low plankton production (Nair, 1939). Southwell and Prasad 
(1918) opined that in the absence of any fixed breeding grounds, the fish generally accepted sense 
of the term and that they probably breed during the rains when conditions such as weather, 
temperature and other undetermined factors are suitable. De et al. (1994) have reported that 
during the post Farakka period Hilsa underwent spawning in the entire freshwater and gradient 
stretches of the Hooghly estuary. Thus, there was a considerable extension of the spawning ground 
of Hilsa in the estuary during the post Farakka period. The distribution of Hilsa eggs in the estuary is 
greater than it was before barrage. This increase is largely due to the increased flow of fresh water 
into the estuary following construction. The higher rate of fresh water discharge into the Indian 
part of the rivers has significantly reduced the salinity downstream. As a result, the downstream 
zone is now almost fresh water and therefore better for spawning. The rate of development of Hilsa 
embryos is purportedly influenced by temperature conditions. Presently, there has been 
disappearance and decline in the number of larvae due to increase in water temperature in the 
lower Gangetic belt, because larval development is inversely proportional to increase in 
temperature. Before Farakka barrage, Hilsa were ascended only Hooghly estuaries. Now adult Hilsa 
ascend the Thakuran and Matlah estuaries as well. Hilsa fry, between four and nine centimeters 
long are also recorded in most of the West Bengal estuaries. Landing statistics for Hilsa shad show a 
large increase after the construction of Farakka barrage. Unfortunately, Farakka barrage has caused 
the decline of the Hilsa stock in the Padma river (Bangladesh) which was once more famous than 
that in the Ganga.  
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1.2 Migration 
The upstream migration during the main breeding season depends vitally on the commencement of 
the south-west monsoons. The variations in the intensity of the monsoon during the breeding 
season appear to cause considerable fluctuations of the fish catches in different places. Day (1873) 
expressed the opinion that the fish spends a part of its life in the sea not far from the shallow 
coastal belt. Naidu (1939) added that the general migration pattern of adult Hilsa take place in the 
Ganga from May-June and they disappear by the second week of October. Hora (1941) pointed out 
that among the mature Hilsa, which swarm into the rivers during the flood season for spawning 
purposes, there are a number of young individuals also and these travel far up before they become 
sexually mature. He stated that spawning takes place in the tidal waters and in the middle reaches 
of the large rivers and inferred that the floods and sexual maturity induce the fish in the sea to 
undertake the upward migration. Pandit and Hora (1951) summarized the extant hypothesis on the 
movements of Hilsa viz., (i) during the flood season, the adult Hilsa swarm up the rivers for 
breeding. While they probably breed in the lower reaches of the rivers, some immature fish 
associated with these swarms move up and probably breed much higher up next year; (ii) the young 
fish fall back to the sea or estuarine areas in large numbers during October-November; the numbers 
get reduced by February; (iii) at about the same time, November-February, the young which had 
migrated to the sea during the flood season and had grown to 7”-9” form a big fishery; (iv) during 
March-April, the young ones known as Jatka enter East Bengal waters in large swarms for feeding 
and form an independent fishery; (v) These swarms move up the river and fatten as they grow and 
mature in the middle and upper reaches, the movement being facilitated by the increase in the 
volume of water in the rivers due to the melting of the snow in the Himalayas during the spring hot 
months. 
  
Fish passes constructed at the Farakka barrage also proved futile for the species (Malhotra and 
Shah, 1979). Besides, the obstructions of rivers by the construction of weirs and anicuts, silting also 
appears to affect the Hilsa migration. The occurrence of two runs of Hilsa in the main river system, 
one during the south west monsoon and the other during late winter has been established. The late 
winter run is of a smaller magnitude while the estuarine stocks migrate up the river for spawning 
and return to the river mouth and adjacent foreshore areas. Temperature, current, velocity, and   
volume of discharge are probably the significant directive factors to which Hilsa responds in its 
movements from the sea to the estuary (Pantulu et al., 1966; Gopalakrishnan, 1973). The general 
assumption is that the maturing Hilsa ascend the river till they reach the spawning grounds and 
after spawning they migrate downwards.  

 

1.3 Decline in Hilsa fishery 
Loss of habitat, directly and indirectly through fishing or other processes, poses major threat to the 
continued existence of many marine species (Roberts and Hawkins, 1999; Rodwell et al., 2003), 
particularly those that are already endangered (Wilcove et al., 1998). Undeniably, mistreatment is 
alleged to have caused 55% of marine extinctions, while habitat degradation explains a further 37% 
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(Dulvy et al., 2003), emphasizing the importance of these two processes for both conservation, 
sustainability and subsistence. Some studies have concluded that habitat is more important than 
fishing (Grigg, 1994), whilst others have found that the effects of fishing are still prevalent when 
accounting for spatial variation in habitat (Chapman and Kramer, 1999). The relative consequence 
of these two processes is likely to depend on the extent of fishing pressure compared to variations 
in habitat (Russ et al., 2005) and will vary depending on species vulnerability to fishing versus 
habitat dilapidation (Wilson et al., 2008).  
 
The river Ganga has greatly influenced human habitations along its littoral zone, supporting the 
livelihoods of many people, but suffered from unregulated fishing, environment degradation, water 
abstraction and encroachment. The amplified fishing pressure due to higher claim for Hilsa fish, 
followed by indiscriminate fishing methods increased the fishing effort leading to over exploitation, 
which gradually led to a drop in the catch per unit effort. With the decreasing natural stocks, the 
fishers had to augment fishing effort for whatever species or size of fish were available to support 
their livelihoods. Interventions like regulations, wise use, or increased awareness may not yield 
desired results, and to reverse the trend, as fisher’s livelihoods are affected. Although the ecology, 
fish species composition and landing trends are studied in Ganga, there is also acute paucity of 
sound empirical information on the fish population, maltreatment levels and sustainable yields 
from the river to implement effectual resource management plans. 
 
It has been reported by several workers that variability of the monsoons cause considerable 
fluctuations in the Hilsa catches. The intensity of monsoon, its arrival, and the consequent flooding 
of the rivers along with high turbidity of the waters have been included as causal factors for Hilsa 
fishery decline. Hora and Nair (1940a) and Hora (1941) have recorded that besides the annual 
fluctuations, there is a five-year cycle in the Hilsa fishery. This view was supported by Biswas (1954) 
on the basis of the trend in prices. Hora and Nair have also observed that the long range 
fluctuations are due to large populations attaining maturity at particular periods. They have 
inferred that a majority of the fish attain maturity when they are five years old and hence every five 
years bulk of the stock on becoming mature swarms up the river and provides bumper catches. 
Dunn (1982) has also considered water level fluctuations and turbidity values, expressed as index of 
sediment load compared with water flow, as causal factors in the fluctuations in the Hilsa fishery. 
 
In the recent years there has been a declining trend in the catches of Hilsa along the upstream and 
downstream (Digha, Talsari and Frazerganj) of the Hooghly estuarine region. Being a migratory fish, 
the adults that swarm at the lower estuaries and mature adults that make long journeys into the 
rivers are subject to noticeable fishing stress. Similarly, the fry that spend their life for a season in 
the river and juveniles that make long trip into the sea through the river and estuary are also 
subjected to extreme fishing stress. It is also a matter of concern that huge quantities of pre-adults 
are caught in the inshore areas by jangal and kachal fishing gears even before the fish attains size at 
first maturity (370 mm). Fishing on the migrating ripe Hilsa is also a matter of concern, causing 
failure of Hilsa fishery. The small mesh size of jangal and kachal and fishing in the river during 
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September and February when large scale movement of ripe fish is expected in the river, is a major 
cause of Hilsa decline. The overall rise in global temperatures has also affected the Hilsa migration.  
 
In India, the Hilsa fishery is managed by the state, rather than by the central government. This is 
likely to mean that there is less capacity and resources to actively implement management 
measures. There is currently no control on fishing effort, that small size mesh nets are widely used 
to catch jatka and similar-sized juveniles of many species. Other scientist also undertook an 
assessment of the “total catchable potential” (TCP) of the Hooghly river system and some of the 
main species, including Hilsa. They estimated that the TCP for Hilsa was 3507.6 tons and this has 
already been exceeded. Thus, the limited studies on Hilsa suggest that Hilsa are almost certainly 
over-exploited in India. Thus, if India were to use management measures to improve sustainability, 
then major spawning and nursery areas need to be identified and mapped. Researches and 
investigators have also identified pollution and poor environmental flows as serious problems that 
are affecting Hilsa and other riverine and estuarine fishes in West Bengal. 
 
Hilsa was the main fishery in comparison to major carps during the period between 1963-1971. But, 
with the commissioning of Farakka barrage, the fishery declined sharply between 1972-1980. 
Ghosh (1976) has mentioned that the production of the Hilsa fishery above the Farakka barrage has 
dropped from 116.1 kg/km2 pre-construction to less than 1 kg/ km2 post construction. Catches of 
Hilsa dropped to just 1.01 tons at the same time the miscellaneous fishery recorded an increase. 
Total fish catch from this centre registered improvement, but shift in species composition was a 
direct result of hydrological changes caused by barrage. The fishery declined both in quantity and 
quality in time scale due to various anthropogenic factors. It has been reported by Gupta and Tyagi 
(1992) that the fishery is being harvested at much higher effort than the optimum fishing effort. 
Therefore, urgent steps are required to reduce the fishing pressure to achieve the goal of 
sustainable fishery from the river system. Hilsa fishery suffers badly. The per unit yield of major 
carps dropped to 46.0 kg/km from 143.5 kg/km recorded during the 1960s while Hilsa yield was 
only 7.1 kg/km. With the construction of Farakka barrage, the fishery scenario at Lalgola center 
about 45 km. below Farakka, showed a major change in stock structure. Prior to Farakka, the Hilsa 
used to be the main fishery (92.02%). With the commissioning of the barrage, Hilsa contribution 
came down to merely 16.8% and the niche was replaced by other species. In recent years, between 
1998-99 and 2002-2003, the average annual catch of Hilsa has been estimated at 10382.9 tons with 
an impressive increase of 63.3% from the corresponding five years (6279.6 tons). The average 
annual landing showed a sharp increase in the post barrage period. It was 1457.1 tons (15.3%) prior 
to 1975 and increased to 7352.9 tons (13.2%) during 1994-95 to 1999-2000. This unusual increase 
in the catch of Hilsa may be also due to the barrage construction, and due to migration of the Hilsa 
to areas above the barrage, resulting in severe depletion of Hilsa fisheries in the middle stretches of 
river Ganga. Hilsa juveniles (fry and fingerlings) constitute a substantial part of Hilsa catch from the 
upper freshwater stretches of the estuary. Indiscriminate exploitation of the young ones of Hilsa 
through small mesh nets took a heavy toll on the Hilsa juveniles, on the onset of downward 
migration of the young ones. Mitra et al. (2001) estimated Hilsa juvenile catch between 50.9-63.3 
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tons (57.5 tons) from Hooghly estuary, during the period 1994-1995 to 1999-2000, numerically 
when estimated it results to 13.1 million of young fish (weight range 2.2-27 g).  In addition to this, 
wanton killing of Hilsa juvenile has been rampant in the upper stretch of the estuary, especially 
during November to May due to development of small mesh net. 
 
Low water discharge from the river Ganga at the Farraka barrage and associated heavy siltation, 
indiscriminate exploitation of juveniles (jatka), disruption of their migration routes, loss of 
spawning, feeding and nursery grounds and increased fishing pressure have all contributed to a 
decline in the catch per unit effort in both the marine and river Hilsa fishery. The radical decrease of 
catches of both mechanized and non-mechanized boats indicate the excess of fishing effort, which 
could lead to over-exploitation and vulnerability of the fishery. The declining trend of catch per unit 
effort of Hilsa fishing is threatening the livelihoods of about 464 thousand Hilsa fishermen. Fish 
stocks are renewable and a pragmatic approach is essential to maximize the sustainable benefits 
they can generate. It must be ensured that the resources are protected from the irreversible 
damage and managed on a sustainable basis. Dams and barrages constructed across the river to 
supply irrigation water, flood protection and hydropower not only prevent migration, change 
migration routes, and alter spawning and nursery grounds, but also concentrate the shad 
population in certain areas, thereby subjecting them to over-fishing. The average landing of Hilsa in 
metric tons is illustrated in Table 1.  
 
Table 1: Average Hilsa landings (in metric tons) from the Hooghly-Matlah estuary during the pre- 
and post-Farakka Periods (Source: Sinha, 2004) 
Period                                                                                 Landings (in metric tons) 

Pre-Farakka (1966-1975)                                                       1,457.1 
Post-Farakka (1975-1978)                                                     2,126.2 
Recent (1984-1994)                                                                2,135.4 

2. Conclusions 

Thus, it can be concluded that the Hilsa decline thoroughly indicates habitat destruction and 
degradation in the lower Ganga river basin and at the same time it projects the rapid alteration in 
the ecology of the section concerned. The existing situation of the Hilsa fishery suggests that proper 
assessment is necessary and there is a need to find a way to stimulate the recovery of the fishery 
and make it sustainable, while maximizing economic benefits.   
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Preface 

In exercise of the powers conferred by sub-sections (1) and (3) of Section 3 of the 
Environment (Protection) Act, 1986 (29 of 1986), the Central Government has 
constituted National Ganga River Basin Authority (NGRBA) as a planning, financing, 
monitoring and coordinating authority for strengthening the collective efforts of the 
Central and State Government for effective abatement of pollution and conservation of 
the river Ganga. One of the important functions of the NGRBA is to prepare and 
implement a Ganga River Basin Management Plan (GRBMP).  

A Consortium of 7 Indian Institute of Technology (IIT) has been given the responsibility 
of preparing Ganga River Basin Management Plan (GRBMP) by the Ministry of 
Environment and Forests (MoEF), GOI, New Delhi.  Memorandum of Agreement (MoA) 
has been signed between 7 IITs (Bombay, Delhi, Guwahati, Kanpur, Kharagpur, Madras 
and Roorkee) and MoEF for this purpose on July 6, 2010. 

This report is one of the many reports prepared by IITs to describe the strategy, 
information, methodology, analysis and suggestions and recommendations in 
developing Ganga River Basin Management Plan (GRBMP). The overall Frame Work for 
documentation of GRB EMP and Indexing of Reports is presented on the inside cover 
page. 

There are two aspects to the development of GRBMP. Dedicated people spent hours 
discussing concerns, issues and potential solutions to problems. This dedication leads to 
the preparation of reports that hope to articulate the outcome of the dialog in a way 
that is useful. Many people contributed to the preparation of this report directly or 
indirectly. This report is therefore truly a collective effort that reflects the cooperation of 
many, particularly those who are members of the IIT Team. Lists of persons who have 
contributed directly and those who have taken lead in preparing this report is given on 
the reverse side. 
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Professor and Coordinator 
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IIT Kanpur 
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1. Introduction 
The term “Sundarbans” has been coined from the (i) forests of Sundari (Heritiera fomes), or 
(ii) forests of beautiful plants or (iii) forests of Samudra (i.e., Ocean). This entire Gangetic 
Sundarbans extend over ca 14,600 km2 distributed over both Bangladesh and India, with the 
latter occupying ca 4266.6 km2 in West Bengal state (Plate 1). In comparison to the 
Bangladesh part, the Indian component of the Sundarbans has poor forest formation due to 
higher salinity and biotic interactions leading to different growth pattern and ecological 
succession. (Blasco, 1975).  

Being on the land sea interface, mangroves are always associated with and subjected to 
saline seawater. However, saline condition is not a prerequisite for their development; 
rather mangroves choose saline conditions to avoid the competition with the more vigorous 
terrestrial plants. The Indian Sundarbans can be divided in to three parts i.e., central and 
eastern, based on their salinity level. The western part is the least saline due to the 
freshwater discharge from the Ganga-Bhagirathi-Hooghly rivers; whereas, the central part is 
most saline due to non-receipt of fresh water from the Ganges owing to heavy siltation 
since the late 15th century (Chaudhuri and Choudhury, 1994) and the rising sea level (Hazra 
et al. 2002). The rate of sea level rise is 3.14 mm/yr, which is higher than the global and 
Indian coastline averages of 2.12 mm/yr and 2.50 mm/yr, respectively (Lal and Aggarwal, 
2000). The sea level rise and subsequent saline water intrusion into the islands of 
Sundarbans, they are also vulnerable to extreme climatic events owing to their location 
below the average Mean Sea Level. Since, the Sundarbans is located in a low-lying 
floodplain, most of the silt carried out by the Gangetic rivers are lost in the trench of the Bay 
of Bengal. A large portion of the silt are deposited on the eastern side causing land 
accretion, particularly in the south-eastern region; and compensatory erosion in the 
southwestern part, thereby pushing the coastline towards the sea. The coastal 
geomorphology is regulated by a circulation system driven by high sediment load, coupled 
with strong tidal and wind actions. The rivers also carry untreated municipal wastes, 
industrial effluents, agro-chemical residues etc., further adding to the deterioration of the 
ecosystem.  

Mangroves are rich in polyphenols and tannins (Kathiresan and Ravi, 1990). Phenols and 
flavonoids present in mangrove leaves serve as UV-screen compounds. Flavonoids increase 
during pre-monsoon period. Pigment concentrations may vary with environmental 
conditions and seasons. Oswin and Kathiresan (1994) found high level of chlorophyll and 
carotenoids during the summer but highest level of anthocyanin in the monsoon months. 
However, depletion of growing stock, post-dispersal predation of seeds by crabs, sporadic 
flowering, and poor seed set in the remnant mangrove forests have been reported 
(Robertson et al., 1990). The primary threats to all mangrove species including H. fomes are 
habitat destruction and removal of mangrove areas for conversion to aquaculture, 
agriculture, urban and coastal development, and overexploitation.  
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A. Ecology 
 
Kingdom : Plantae 
Phylum  : Tracheophyta 
Class   : Magnoliopsida 
Order   : Malvales 
Family   : Sterculiaceae 
Genus   : Heritiera           
Species  : fomes 

 
 Plate 1:     Satellite FCC of Indian Sunderbans 

 
       

 

Plate 2:  H. fomes occurrence in the Indian Sunderbans; a. single canopy; b. multiple 
canopy; c. in association; d. a twig and e. fruits; Photographs taken during field 
visit on 8-9 May 2011 

 
H. fomes, Sundari is a mangrove buttressed tree of 10 to 25 m tall with dense, robust 
pneumatophores about 50 cm height (Plate 2). It is the only Heritiera species that produces 
pneumatophores. The roots do not penetrate deep into the soil, but spread on the surface 
with numerous stout offshoots and often with narrow ridges forming plant like projections 
above the soil and also form flat narrow buttress to the basal trunk.  
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It prefers freshwater and is fast-growing in low-saline environments. The species is 
commonly found along the tidal creeks and channels of the coastal swamps, and regenerate 
naturally through seeds (Banerjee and Rao, 1990). The species is found in the upstream 
estuarine zone in the high intertidal region and adapted best along the seashore. Cluster 
analysis using the AFLP (Amplified Fragment Length Polymorphism) banding patterns of all 
the primer combination reveals that H. fomes in the due course of evolutionary process 
might have migrated to land and evolved as a new species (Mukherjee et al., 2003).  

Sundari contains 0.25% and 0.09% (dry weight) of chl-a and chl-b, respectively. Studies have 
reported that the carbon, polyphenol, tannin and protein content are 0.11%, 39.45%, 
21.12% and 29.22% of dry weight, respectively for the species. The chemicals produced 
from the species can be used for gastro-intestinal disorders (including dysentery, diarrhea, 
indigestion, colic, acidity, constipation, bloating, lack of appetite, stomachache). Besides 
this, it can be used to treat hepatic disorders (including jaundice and hepatitis), insect 
repellent and skin diseases (including eczema, abscess, acne, boils, scabies, itch, infections, 
dermatitis, rash, sores, scar, warts, etc.). Sundari has been the main timber species and is 
the primary resource base for 221 small saw mills and 350 pitsaw units in the region 
(Bangladesh Bureau of Statistics, 1983).   

According to IUCN red list Conservation Category, H. fomes is assigned with endangered 
status. With time, this species may go (locally) extinct as their population is rapidly declining 
due to various reasons so as Kathiresan (2008a) found the species in only 6% of the 
sampling sites in India. 

The species is now on the extinction threat in West Bengal due to overcutting and increased 
salinity. Unlike other mangrove species H. fomes prefer extremely low saline condition (5 – 
15 psu) and hence can act as biological indicator of climate change related to sea level rise. 
In the highly populated Bengal (India and Bangladesh) the dry season demand for 
freshwater has increased dramatically; major rivers have been dammed and the 
downstream effects are becoming apparent with increasing soil salinities and unexplained 
‘top dying’ disease is threatening the H. fomes population. The first factor is clearly 
anthropogenic; the second, although aggravated by upstream diversions of Ganga water, is 
largely due to long-term geomorphic processes.  

 

B.  Drivers of Change 
Past Alterations 
In the past, the Government of India's policies had largely determined the pace, direction, 
mode and beneficiaries of exploitation in the Sundarbans. Under British rule, there was no 
state guarantee to the property rights to any person or under-tenants. British land policy in 
undivided Bengal had created an institutional basis for land clearance. Economic progress, 
human needs and the revenue demands of the state rested on continued mangrove 
clearance and reclamation. One model was to empower the energetic landlords, who would 
invest both energy and capital into reclaiming the waste lands. Timber and fuel wood were 
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another resource tapped for the expanding market. Rice, rather than timber was the choice 
for the officers to gain from the profitable rice markets in nearby Kolkata (formerly 
Calcutta). Peace, order, and guaranteed ownership rights on firmly planted lands proved 
adequate to encourage spread of settlement embanked-rice paddy cultivation for the poor. 
The Sundarbans is an exception to the general trend of deltaic development in that it is the 
only area in which a state-organized barrier to agricultural expansion emerged. Wood prices 
followed a trajectory similar to that of the rice rates with steep ascent of 52% between 1950 
and 1980. The pressure of population growth upon resources is evident from the fact that 
despite one hundred years of cropland expansion, the available cultivated land per capita 
dropped from 0.22 to 0.08 ha. More strikingly, the reduction in per capita area of all forms 
of natural vegetation (wetlands, forest, scrub, grassland) declined from 0.27 ha in 1880 to 
0.04 ha in 1980.  

Salinity Increase 
H. fomes can flourish luxuriantly under low salinity conditions; however, it is gradually losing 
the species owing to increase of salinity level. Based on the physiological studies, Bowman 
(1917) and Davis (1940) concluded that mangroves are not salt lovers, rather salt-tolerant. 
But excessive saline conditions retard seed germination, impede growth and development 
of Mmangroves. When the salinity increases, the species becomes stunted, rare and 
ultimately disappears. Alteration in growth of mangroves due to difference in salinity 
between western and central sectors of Indian Sundarbans has been reported by Mitra et al. 
(2004). The effects of salinity on mangroves have been studied in relation to antioxidative 
enzymes (Takemura et al., 2000; Parida et al., 2004b), leaf structure, rates of transpiration, 
stomatal conductance and rates of photosynthesis (Santiago et al., 2000; Parida et al., 
2004a) and changes in chloroplast structure and function (Parida et al., 2003).  
H. fomes prefers an optimum salinity between 2 - 5 psu (Mitra et al., 2004). The adverse 
impact of salinity on leaf chlorophyll of H. fomes may significantly affect the rate of 
photosynthesis as this pigment is an indispensable raw material for running the process. 
Various studies have shown that a number of mangrove species grow best at salinities 
between 4 psu and 15 psu (Connor, 1969; Clough, 1985; Downton, 1982; Burchett et al., 
1984 and Clough, 1984) and for H.  fomes, the preferred salinity range is much lower 
(Chaudhuri and Choudhury, 1994). At 15 psu the plants become acclimatized to salt after 
one to two weeks of exposure, but at 20 psu the seedlings could hardly adapt. Salinity exerts 
its effect on photosynthesis mainly through changes in leaf water status. Clough (1985) 
stated that the rate of light saturated photosynthesis decreases with increasing salinity of 
ambient media, attributing this to co-limitation of assimilation rate by stomatal conductance 
and photosynthetic capacity in response to differences in water status induced by the 
various salinity treatments. Study reveals that the photosynthetic process may be affected 
at high saline condition due to decrease in Chl a and b concentrations in H. fomes. The 
pigments, being the key machinery in regulating the growth and survival of the mangroves 
require an optimum salinity range between 4 - 15 psu (Downton, 1982; Burchett et al., 
1984) for proper functioning. 
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Industrial Pollution 
Oil or gas exploration, petroleum production and accidents by large oil tankers cause 
significant damage to mangrove ecosystems, causing defoliation of trees, mortality of all 
sessile and benthic organisms and contamination of many water fowls with minimum 
recovery period of 10-years (Kathiresan, 2008b). In Indian Sundarbans, several industrial 
effluents are released in to the adjacent coastal water bodies. For example the presence of 
Haldia port-cum-industrial complex releases several pollutants of organic load that contains 
several complex ions and different organic and inorganic compounds. When these 
compounds are mixed with the coastal water bodies they enter in the sediment through 
percolation and the pneumatophores contact with the sediment also take up the organic 
and inorganic compounds. These compounds hamper the circulatory system of the 
mangroves species such as H. fomes. 

Disease and Infestation 
Top dying of Sundari in the Sundarbans is considered to be the most important of all the 
diseases and disorder of tree crops in Bangladesh. It has been estimated that about 45 
million trees have been affected by top dying in the Sundarbans (Rahman, 1990). This is 
about 20% of the entire forests in Bangladesh (Hussain and Acharya, 1994). The top-dying 
disease is believed to be caused by an array of factors viz., increased soil salinity due to 
reduced water flow, reduction in periodic inundation, excessive flooding, sedimentation, 
nutrient imbalances, pathogenic gall cankers, and cyclone-induced stress. When the salinity 
increases, the species becomes stunted, rare and ultimately disappears.  
Sundari affected by top dying, where death of twigs and small branches gradually reduce 
the canopy and destroys the growth potential of such trees which may also suffer from 
death of the top of main stem and be truncated while the remaining portion of the main 
stem remain healthy. Dead but standing Sundari almost devoid of major branches, may 
result from infection by one or more sap wood rotting fungi which kill the sapwood and 
thereby the attacked tree is died. Moreover, Sundari trees are attacked by borers and wood 
decay fungi. Death of small twigs may be due to the occurrence of gall-cankers. Trees are 
also seen where only small twigs and branches die and there are no gall cankers. The initial 
stage of death of twigs and small branches has been seen to be associated with certain 
insect eating up tender bark of twigs. During October to December, dead twigs and 
branches have been seen on many hundreds of trees but in no case dying branches were 
seen. Further observation of January onward is needed to detect the early stage of 
symptom expression. In other cases, top dying trees are seen to develop very reduced, 
deformed and bronze colored leaves of very little photosynthetic potential. There are 
several other symptoms associated with the top dying disease of H. fomes that include: 
Root rot and resultant die back: A large number of dead Sundari trees are affected by root 
rot disease. Characteristics symptoms are leaves become gradually discolored pale and light 
yellow, then yellow and finally fall off the tree. 
Sap and heart rot associated with top dying: In general, top dying Sundari trees have a dead 
and truncated top with accompanied death of twigs and branches to a varying degree 
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leaving a variable extent of healthy canopy. A proportion of Sundari are seen to be dead 
from top to bottom. Such trees seldom have any live branches. Examination of such dead 
trees reveals that the bark dies first and is followed by decay and deterioration of the wood. 
Occasionally both sap wood rot and heart wood rot may occur simultaneously. In other 
cases even in the absence of any sap wood rot, death and decay of heart wood by a white 
rot fungus provisionally identified as Fomes badius occurs. In this, rot generally destroys the 
heart wood of the trees, while sap wood remains healthy. Such damage does not cause 
death of trees, but it weakens the mechanical support of such trees and thereby renders 
these trees to be more prone to wind damage. Heart rot may occur from the basal part of a 
tree or it may occur both from the basal part of a trunk and/or from different locations on 
the main trunk through dead broken branch stubs and then progresses both up and down 
the trunk. 

Dieback of the foliage: In a number of sites where excessive siltation has buried all or a 
portion of the pneumatophores, Sundari in particular and other trees in general have been 
seen to produce leaves of very diminished size, light bronze in color, having a general pale 
appearance. Such trees can add very little new growth. Quite often such branches are seen 
to die and ultimately most of the affected trees die or show rapid death from top to 
downward. Top-dying of Sundari appears as a decline and dieback of the foliage and twigs of 
a part of the crown, but ultimately the main stem becomes affected and may also be 
truncated having a variable extent of the crown. Top-dying of Sundari and dieback of the 
foliage and twigs of a part of the crown appears as a decline. In case of older trees, one or 
more of the major branches may die and gradually other branches die and ultimately the 
crown is substantially reduced (Rahman, M. A.  Methodology of Pathological Research in 
Mangrove Forest unpublished). 

Hence, the important causes that can be attributed to the top-dying diseases are: (i) soil 
salinity, (ii) burial of pneumatophores, production of reduced number of it creates reduced 
soil aeration affecting metabolism in the root system, (iii) deficiency of micronutrients and 
presence of high level of calcium, (iv) greater opening in the canopy, Loranthus infestations, 
higher dbh (Diameter at breast height) classes are associated with severity of top-dying 
disease, (v) Once top-dying starts a number of fungi degrade wood of the tree, and (vi) 
insect infestation of sapwood and wood decay fungi has linear positive association. 

Invasion 
Biological invasions are now considered one of the main threats to world’s biodiversity. 
Impact of these invasive or associated species on Sundarban mangroves are that they (i) 
compete with indigenous plants for light, nutrients and moisture; (ii) impede natural 
regeneration; (iii) cause physical damage to the native species and (iv) change water quality 
or characteristics and habitat for fish and other aquatic organisms. Invasive species spread 
into natural vegetation due to disturbance. 23 invasive species belonging to 18 families and 
23 genera are present in Indian Sundarbans (Biswas et al., 2007). Among these identified 
species, 3-species are highly invasive, 6 are moderately invasive and the remaining are 
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potentially invasive. However, H. fomes is positively associated with Derris trifoliata, Hoya 
parasitica and Micania scanden in the Sunderbans (Biswas et al., 2007). 

Extreme Weather Events 
The Sundarbans is already affected by climate change and extreme weather events such as 
tropical cyclones and storms. Mangrove forests protect all types of coastal communities 
from the fury of extreme weather events by means of their mere presence by providing the 
best shelterbelt. Tropical cyclones and storms are more common in the Bay of Bengal, 
severely affecting the eastern coast as compared to that of the western coast. According to 
Koteswaram (1984), there were about 346 cyclones that include 133 severe ones in the Bay 
of Bengal, between the years 1891 and 1970. These cyclones with tremendous speed hit the 
coastline and inundate the shores with strong tidal wave, severely destroying and disturbing 
coastal life. 

Tsunami-induced human death and property loss were also behind mangroves and sand 
dunes. The mitigating effect of mangroves depends on their response to two physical 
processes of tsunami - (i) wave attack, and (ii) towing flow. Mangrove’s response to wave 
attacks depends on its vegetation characteristics, whereas the response to towing flow 
relies on ‘drag force’ caused by the mangroves, resulting in prevention of coastal erosion. 
Thus the protective role of mangroves depends on: (i) vegetation characteristics such as, 
density, height, species composition, density of forest, diameter of mangrove roots and 
trunks, and elevation of habitats, as well as status of ecological degradation of the forests; 
and, (ii) tsunami wave characteristics such as wave height, wave period, and depth of water. 
Protection and restoration of mangroves, coastal forests and sand dunes would mitigate the 
impacts of not only tsunamis, but also storms and sea level rise. 

C. Management Practices 
H. fomes is the single most important species of the Sundarbans, but the dominance of 
Heritiera forest is decreasing. As a pure crop and in mixture with Excoecaria agallocha, the 
species occupies ca. 18.2% and 62.4% of the forest area respectively (Anon, 2001). The 
species necessitates mass vegetative propagation, an alternative to seed propagation, for 
perpetuation of the species and their re-establishment in the area (Hartmann and Kester, 
1989). Few studies dealt with the effect of auxins (IAA, IBA & NAA) on rooting of the pre-
girdled stem cuttings and air-layers and the biochemical changes during initiation and 
development of roots in H. fomes. Extensive physical and biological changes in last 50 years 
have led to artificial assemblage of H. fomes, Sonneratia apetala etc., species owing to 
economic needs and environmental change (Snedaker, 1982). There are reports of 
development of management plans for coastal plantations targeting to achieve many 
objectives viz., (a) to continue the establishment of coastal forest plantations and initiate 
management of existing ones for their timber value, (b) to protect and preserve areas of 
environmental value relating to conservation of biodiversity resources, (c) to integrate 
people’s participation and development, (d) to enhance and promote recreational and 
tourism potential etc. (Canonizado, 1999). In addition to the forest department, some NGOs 
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and local people’s groups are now engaged in forest management activities using the 
following key management strategies. 

Adoption of holistic management approach: The Sundarbans have been under systematic 
management for ca. 130 years. In the past, a sustained yield principle under the selection 
system was applied and main emphasis was given to two or three timber species. Recently, 
emphasis has been put on ecosystem management and timber felling is now banned. 
Salvage felling and enrichment planting has started to restore forest health (Siddiqi, 2001). 
However, continuous pilferages of valuable species are a major threat to sustainability 
(Naskar, 1999). Integrated regional development plans are necessary to increase the supply 
of freshwater to the Sundarbans through excavation of rivers and revision of treaties with 
India. 

Biodiversity conservation and enhancement: Mangrove plantations are offering a new 
habitat to the wildlife of the Sundarbans. In addition, some parts of the mangrove forest 
and plantations are declared protected areas under a different status e.g., wildlife 
sanctuaries, national park and ecologically critical areas.  

People’s participation in forest management: Under the Coastal Greenbelt Project (CGP), a 
people oriented participatory forestry program was targeted to improve the socio-economic 
condition of the rural poor, improve the role and status of women in rural enterprises, 
diversify and supplement farm income, substitution of locally produced coconut for 
improved oil and enhance the environmental quality including the restoration and/or 
protection of critical mangrove habitat (Canonizado, 1999).  

Modeling for optimizing plantation design: The mangrove plantations are playing an 
important role in reducing the impact of these cyclones and accompanying surges. It is 
essential to maintain the shelter belt, but as yet, no fixed width has been determined. In 
Indian Sundarbans, modeling studies are being carried out to find the optimum plantation 
width and the number of rows to increase protective efficiency. 

D. Discussion 
H. fomes is one of the most important endangered/threatened species in Indian 
Sundarbans. Due to durability and hardness of wood, this species is very much useful for 
boat building and several domestic purposes as well as for furniture making. But, these days, 
it is occasionally found in the tidal swamps of the Sundarbans, especially in the western 
zone, where the salinity level is high up to 25 ppt and human interference is more. The trees 
of H. fomes are being exploited indiscriminately for its timber value, since long. Only a few 
plants of H. fomes are found in the eastern part of Indian Sundarbans in association with 
other species. But most of the H. fomes plants are noted for scanty growth and the sizes of 
those trees are not as big as the normal tree. Inside the ridge of tidal forest zones in the 
Sundarbans tidal forest some of the H. fomes are also found. Their growth is more vigorous 
than the river side trees. The differences in growth experienced may be due to higher 
salinity towards the river side forest than the inside higher level ridge forest area; and more 
human pressure on the river side trees.  
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Plate 3:  H. fomes as seen on satellite image (LH) found in scattered patches in the 
Sundarbans, West Bengal; luxuriant growth in Dangamala region of 
Bhitarkanika WL Sanctuary, Orissa (RH)  

During field visit to the Indian Sunderbans, the senior author had to search for, to see the 
presence of the species; whereas luxuriant growth was evident in Bhitarkanika wildlife 
sanctuary (Orissa), which is also revealed from the satellite data (Plate 3). It emerged from 
all the above gathered evidences that the species H. fomes is approaching fast extinction. 
And if the Sundarbans name has been coined from the forests of Sundari (Heritiera fomes), 
then perhaps the world`s largest mangrove forest may need a name change in future days?  
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