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Introduction

Fishes are important as they indicate the ecological processes and the producer-
consumer interactions. Fish can be used for ecological assessments at all ievels of
biological organization; assessment procedures are available at the levels of
ecosystems, populations, individuals, organs and at the cellular and molecular levels
(Harris, 1995). Fish can also be used as indicators over a temporal ranges varying
from minutes to decades and spatially from a local scale measured in metres to
entire river catchments (Karr, 1991) over thousand kilometers because fish species
exhibit diverse morphological, ecological and behavioural adaptations to their natural
habitats. Fishes are the intagral components of stream/river systems andn represent
a visible measure of stream ecosystem structure and function. Fish assembledge
structure and function are also associated with geographic variation and the
understanding the pattem s crucialfor effective assessment and monitoring of streams/
rivers.

Review of Research

Terrestrial environment has a major impact on drainage basins and stream channels.
Patterns of habitat heterogeneity may change due to temporal and spatial changes.
Anthropogenic landscape disturbances such as deforestation, row crop agriculture
and grazing, shift the structural and functional relationships between the landscape
elements and the stability of the physical environment. For small streams, agriculture,
deforestation and grazing alter structural relationships among physical components
of the streams by either reducing the amount of woody debris entering into the stream
and hence the depth, substrates and velocity associated with development (Bisson,
et al., 1982; Marzelf, 1978) or by directly removing spatial habitat complexity by
channelization. In either case land use activities reduce the (terrestrial to aquatic)
allochthonous energy transfers while increasing the instream (autohthonous) energy
production (Gregary et al., 1991). This shift from allochthonous to authochthonous
energy sources is particularly important to fish in headwater streams as most of the
tropical stream fishes rely on allochthonous food sources.

In large rivers, the impact of land-use activities on the structural heterogeneity relies
mostly on its floodplains. Construction of flood control structure, removal of large
woody debris, closing off of side streams and cleansing of riparian forests disconnects
the floodplains from the main channel and decreases the length of lateral boundary
between the terrestrial and aquatic environment (Sedell and Forgatt, 1984). As various
life stages and species of stream fish require different kinds of physical habitats,
spatial heterogeneity and the maintenance of connectivity between habitat patches is
critical for the reproduction and survival of fish in lotic ecosystems (Schiosser, 1991),
The terrestrial aquatic interface in upstream areas or at the stream margin and flood
plain indownstreams allow habitat which are the key factors influencing the population
and community dynamics of stream fish.
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In the light of the above patterns stream fish ecologists started to focus on establishing
relationship between habitat heterogeneity and critical biological processes of
population and community dynamics of lotic fishes.

Environmentalvariability in streams, especially habitat features, has been recognized
as determining factors of distribution and abundance pattern for fishes. This aspect
has been documented extensively during 1980s throughout the world (Angermeier,
1987; Mahon and Port, 1985; Schlosser, 1982, 1987; Lobb and Orth, 1991; Pringle et
al., 1988; Baker and Ross, 1981, Matthews and Hill, 1980; Angermeier and Karr,
1984; Hugueny, 1989; Eadie et al., 1986; Rohm et al., 1987; Matthews and Robinson,
1988, Hughes et al., 1986; Pflieger et al., 1981; Larsen et al., 1986; Whittier et al.,
1988; Baecher et al., 1988; Mahon, 1984; Jackson and Harvey, 1989; Coon, 1987;
Meffe, 1984; Pusey et al., 1993).

Longitudinal changes in streams between headwater to lower reaches or stream
order in relation to fish distribution and assemblages pattern (Matthews, 1986; Osborne
and Wiley, 1992; Paller, 1994) have led to the development of lotic paradigms that
increase in fish species richness with increasing drainage area. This pattern has
been followed across a wide range of latitudes (Lake, 1982; Welcomme, 1985 ;
Angermeier and Schlosser, 1989 ; Osbome and Wiley, 1992 ; Beacher et al. 1988).
Resource use in terms of habitat (Smart and Gee, 1979 ; Hem 1987. Greenberg 1991
; Barn et al. 1988 ; Jowette and Duncan, 1990 ; Fausch and Bramblatt, 1991; Poff and
Allan, 1995; Kinzie 1988 ; Pusey et al., 1993), food (Wynes and Wissing, 1982 ; Poff
and Allan, 1993 and 1995; Miller, 1983), habitat segregation for depth (Fisher and
Pearson, 1987), current (Matthews et al. 1982; Gido et al., 2000) and substrate
particle size (Mathesan and Brooks, 1983) have been studied in details. Increased
siltation in streams and its impact on fish communities have been studied in Central
United States (Judy et al. 1984; Derkman and Rabeni, 1987). Fish assemblages
have been used in detectinganthropogenicimpacts (Loeb, 1994 ; Davis and Simon,
1995) and the use of fish communities in surface water assessment was proposed by
Karr (1981) in what he termed as Index of Biotic integrity (IBI). This has been widely
used in mid western streams of United States (Karr et al. 1986 ; Miller et al. 1988 ;
Fausch et al. 1990 ; Karr, 1991; Hall et al., 1996). Legisiative mandate has been
specified to protect biologjical integrity in U.S. Clean Water Act and Canada’s National
Park Act (Angermeier and Karr, 1994), though there is no mandate in United States to
protect biological diversity. But such protection has already been endorsed by many
nations as it forms a centrai goal of 1992 Earth summit.

Tropical diversity of African freshwater species has been dealt in detail (Levaque,
1997) on the diversity and variability, species diversity and evolution, growth and
feeding behaviour, reproductive strategies and life history studies, response to
environmental constraints, dynamics of fish assemblages and conservation of fish
diversity. Studies on tropical Asian rivers are scanty and the only data that are fairly
good (and that is onlytrue: for somerivers) are fisheries statistics; however they are at
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best only a crude estimate of the totality of conditions in a large water body (Hynes,
1989). Extensive studies on freshwater fishes in India are available, but most of them
are either concemed with taxonomy (Datta Munshi and Srivastava, 1988 ; Talwar and
Jhingran 1991, Menon 1999. Jeyaram, 1999) or with capture fisheries or aquaculture.
Much of the published inforrnation has been summarized by Jhingran (1992) with
extensive bibliography. Studies on fish assemblage structure and their food and habitat
requirements in Indian streams are lacking though few initiatives started in the 1980's
in Western Ghat streams (Arunachalam et al. 1988, 1997 a,b and c; Arunachatam,
2000). Himalayan streams (Edds, 1993) and Sri Lankan streams and reservoirs
(Moyle and Senanayake, 1984 ; Wickramanayake and Moyle, 1989 ;
Wickramanayake, 1990 ; Piet, 1998; Piet et al. 1999).

In order to manage populations of lakes and streams, geographic framework has
been settled for biological criteria (Hughes et al. 1994) and this has been widely used
for fish assemblage data (Pflieger et al. 1981). This eco-region concept has been
evolved for evaluating the fish assemblages in catchments, drainage basins and
physiographic regions to form icthyogeographic regions. This has been developed
widely in United States recentlyfor fish assemblages (Mc Cormick et al. 2000; Larsen
etal. 1986 ; Oswood et al., 2000 VanSickle and Hughes 2000; Schrank et al. 2001).

Currently, extensive fish list with few details on abundance but with no habitat feature
are available for streams and rivers in Western Ghats (Rao, 1977; Jayaram, 1981;
Indra and Remadevi, 1981; Rema Devi and Indra, 1981; Rema Devi and Indra, 1984;
Menon, 1984; Rema Devi and Indra, 1986; Ramakrishniah, 1986; Manimekalan, 1998;
Kadar, 1989; Kurup and Kuriakose, 1991; Jayaram, 199la and b; Rema Devi and
Menon, 1992; Kurup, 1992; Menon and Rema Devi, 1993; Pethiyagoda and Kottelat,
1994; Kurup, 1994; Rema Devi and Menon, 1994; Rema Devi and Menon, 1995;
Menon and Rema Devi, 1995; Shaji and Easa, 1995a, b and c; Shaji et al., 1995;
Menon and Jacob, 1996; Jeyaram, 1997; Arun et al., 1996; Arun, 1997; Vairavel et
al., 1998; Gopi and Radhakrishnan, 1998; Shaji et al. 1998; Anmachalam and
Sankaranarayanan, 1999; Biju et al., 1999; Raju Thomas et al., 1299; Ajithkumar et
al. 1999; Jeyaraj et al., 1999; Zacharias and Minimol, 1999; Jayaram and Dhas,
2000; Chhapgar and Manakadam, 2000; Shaji and Easa, 2001; Gopi, 2001) and
Eastem Himalayas (Dey, 1975; Dutta and Sen, 1977; Choudary and Sen, 1977; Sen
and Choudary, 1977; Sen, 1997; Yazdani, 1977; Yazdani and Rao, 1978; Chadhury,
1978; Ghosh, 1979; Ghosh and Lipton, 1982; Khuda Buksh, 1980; Khuda Buksh and
Barat, 1987; Chadhury, 1981; Dutta and Barman, 1984; Viswanath and Sarojnalini
1988; Dutta and Barman, 1985; Sen, 1985; Edds, 1986; Viswanath et al., 1987;
Chanda, 1989; Sinha, 1991; Viswanath, 1993; Agarwala, 1994; Yadava and Chandra,
1994; Sen, 1995; Sen and Biswas, 1994; Sen, 1995; Paalab and Chowdhary, 1997;
Bhattachariya et al., 1998; Selim and Viswanath, 1998; Viswanath et al., 1998a and
b; Sen, 1998a and b; Viswanath and Kosygin 1999 and 2000; Bhowmik and Ayyappan,
2000; Arunkumar and Thombi Singh, 2000; Singht, 2000). Also unpublished reports
are available on fish list (Menon, 1992), fish habitat features (Haniffa and
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Arunachalam.1999, Arunachalam, 1999, 2000) and food and habitat requirements in
the form of Ph.D., thesis (Sankaranarayanan, 1999 ; Antony Johnson, 1999 ;
Manimekalan, 2000; Soranam, 2000). Ecology of mahseer(Shrestha, 1997) especially
on the habitats, migration, life history, rehabilitation, conservation management and
ranching has been studied in detail in the rivers of Nepal. Currently the National
Bureau of Fish Genetic Resources, Lucknow has initiated a major research programme
on the habitat inventory and germplasm conservation in Western Ghats and Eastern
Himalayas with 13 co-operating centres of which the senior author (M.A.) is a major
collaborator for Western Ghats.

Conservation Status

Freshwater fishes are the most diverse group of India’s vertebrates with a minimum of
600 species (Talwar and Jhingran, 1991). Conservation Assessment and Management
Plan (CAMP) workshop (Molur and Walker, 1998) assessed the conservation status
of 327 species and nearly 100 more species have not been assessed to date. Since
then 10 numbers are recently discovered from Western Ghat and Eastern Himalayas
streams/rivers. Based on the recent conservation assessment, 88 species in Western
Ghat streams and 82 species in Eastern Himalayas are in threatened category. Of
the threatened species nearly 25-30% are highly endemic to their geographic reaims.
Habitat alterations and degradation, hydrological alterations, introduction of alien/
exotics into reservoirs and over exploitation are the majbr threats to the rain forest
streams of India.

Conservation Approaches

Conservation of all ecological elements at gene, species and ecosystem levels are
necessary and current conservation policy is not adequate for protecting ecological
elements in a large spatial scale like landscapes. Conservation of fish assemblages
are necessary and need a framework for classifying fish assemblages because most
aquatic assemblages are probably organized by complex combinations through
stochastic and deterministic processes.

In order to prioritize the assemblage level conservation, utilitarian and non-utilitarian
goods can be developed. Utilitarian values may come from economic goods and non-
utilitarian from less tangible benefits but it warrants conservation because it may
consist of rare or endemic species. While selecting assemblages many species-
poor assemblages may be valuable because of their unusual organization or
assemblages of several regionally rare or endemic species may be more valuable
than assemblages of many common forms. Habitat restoration and management
goal must be directed at the conservation of assemblages. Even when habitat
restoration is contemplated, stock transfer could be an important interim measure.
Fish conservation attitude has been changed internationally’ and several initiatives
have come (Williams and Miller, 1990 ; Maitland and Lyie, 1996) with captive breeding
and rearing of rare fish. Conservation slatus of India’s freshwater fishes, especially in

WII Centre for Wildlife Protected Areas




158

References

Envis Builetin

rainforest streams in Western Ghats and Eastern Himalayas is poor. Despite the
discovery of several new species to date, the rate of increase of pressure on this
fauna is high that extinction may be expected even before discovery.

Agarwala, H.N., (1994). Endangered sport fishes of Assam. P. 209 - 212. In
P.V.Dehadrai, P.Das and S.R.Venna. (eds.) Threatened fishes of India.
Nature Conservations, Muzafiamagar.

Ajithkumar, C. R., Rema Devi, K., Raju Thomas, K. & Biju, C.R. (1999). Fish fauna,
abundance and distribution in Chalakudy River System, Kerala. J.
Bombay Nat. Hist. Soc. 96(2): 244- 251.

Antony Johnson, J., (1999). Diversity and ecological structure of fishes in selected
streams/rivers in Western Ghats. Ph.D., Thesis submitted to
Manonmaniam Sundaranar University, Tirunelveli, Tamil Nadu. 142
Pp.

Angermeier, P.L., Karr, J.R. (1984). Relationship between woody debris and fish
habitat in a small warm water stream. Trans. Am. Fish Soc., 113:
716-726.

Angermeier, P.L., (1987). Spatio temporal variation in habitat selection by fishes in
small lllinois streams, p. 52-60 in W.J. Matthews& D.C. Hains (eds).

Angermeier, P.L., & Karr, J.R. (1994). Biological integrity versus ecological diversity
as policy directions: protecting biotic resources. Bioscience 44: 690-
697.

Angermeier, P.L., & Schilosser, |.J. (1989). Species area relationships for stream fish
community structure. Ecology 70: 1450-1462.

Arun L.K., Shaji, C.P. Easa, P.S. (1996). Record of new fishes from Periyar Tiger
Reserve. J. Bombay Nat. Hist. Soc. 93(1): 102.

Arun, L.K., (1997). Pattemns and Processes offish assemblages in Periyar Lake -
Valley System. KFRI Research Report.

Arunachalam, M., (20(50). Assemblage structure of stream fishes in the Western
Gnats (India). Hydrobiologia 430: 1-31.

Arunachalam, M., (2000). Fish habitats and communities in Tamiraparani river basin
of Western Ghats. Project report submitted to Ministry of
Environment & Forests, Govt. of India. 63 pp.

Arunachalam, M., & Sankaranarayanan, A. (1999). Fishes of Gadana River in Kalakad
Mundandurai Tiger Reserve. J. Bombay Nat. Hist. Soc. 96(2):232-
238.

WII Centre for Wildlife and Protected Areas %g




Chapter 10: Fishes of Rain Forest Streams/Rivers...

Arunachalam, M., (1999). Biodiversity and ecological structure of fishes in streams of
south India. Report submitted to Dept. Biotechnology, Govt. of India,
119p.

Arunachalam, M., Madhusoodanan Nair, K.C. Vijverberg, K. & Kortmulder, K. (1988).
Food and habitat usage of cyprinid fish assemblages in streams
pools of a south Indianriver. Intemal report, 19, Limnological Institute,
The Nethertands, 89pp.

Arunachalam, M., Johnson, J.A. & Sankaranarayanan, A. (1997a). Fish diversity in
rivers of Northern Kamataka. Int. J. Ecol. Envir. Sci. 23: 327-33.

Arunachalam, M., Madhusoodanan Nair, K.C. Vijverberg, J. & Kortmulder, K. (1997b).
Food and habitat partitioning among fishes in stream pools of a south
Indian river. 1bid23: 27°1-295.

Arunachalam, M., Johnson, J.A. Soranam, R. & Haniffa, M,A. (1997c). Fish diversity
in Chittar river of Western Ghats. /bid 23:335-342.

Arunkumar, L., & Thombi Singh, H. (2000). Spiny eels of the Genus Macrognathus
Lacepede from Manipur, with description of a new species. J. Bombay
Nat. Hist.Soc. 91 (1): 117-122.

Bain, M.B., Finn, J.T. Booke, H.E. (1988). Stream flow regulation and fish community
structure. Ecology 69: 382-392.

Baker, J.A., Ross, S.T. (1981). Spatial and temporal resource utilization by south
eastem cyprinids. Copeia 1981: 178-189.

Baton, E.K., & Stewart, D.J. (1983). Fish assemblages in a river with unusual gradient
(Luongo-Africa-Zaire system) reflections on river zonation and
description of another new species. Env. Biol. Fish. 9: 225-252.

Barman, R. P, (1994). Fish fauna of Tripura, N. E. India. J. Bombay Nat. Hist. Soc.
91: 37-46.

Baecher, B.A., Dott, E.R. &. Femau, R.F. (1988). Fish species richness and stream
order ini Washington state streams. Environ. Biol. Fishes 23: 193-
200.

Bhattachariya, B.K., Das, S.K. Chaudhury, M. & Mahanta, P.C. (1998). Occurrence,
fishery and conservation status of the Barca snakehead Channa
Barca (Ham-Buch) in Assam. J. Nat Con, 10(2): 185 - 194.

Bhowmik, M. L., & Ayappan, S. (2000). Biodiversity Conservation - A Challenge:
North- East scenario. P. 71 -72. In A.G. Ponniah and U.K. Sarkar
(eds.) fish biodiversity of North East India. NBFGR, NATP Publ.
2,228p.

WII Centre for Wildlife and Protected Areas




160 Envis Bulletin

Biju, C. R,, Raju Thomas, K. & Ajithkumar, C.R. (1999): Fishes of Parambikulam
Wildlife Sanctuary, Palakkad District, Kerala. J. Bombay Nat. Hist.
Soc. 96(1): 82-87.

Bisson, P.A., Nielson, J.A. Palmason, R.A. & Grove,E.C. (1982). Asystem of naming
habitats in small streams with examples of habitat utilization by
salmonids during low stream flow. P. 62-73 in: N.B. Armantrout ed.
Acquisition :and utilization of Aquatic Habitat Inventory Information
Western Division, American Fisheries Society, Portland. OR.

Chanda, T., (1989). A study of chromosome in some hill stream fishes of Assam,
India Kalyani University, W.B., Ph. D. Thesis.

Chaudhury, S., & Sen, N. (1977). On a collection offish from Arunachal Pradesh with
some new records. News!. Zool. Surv. india. 3(4); 217 - 223.

Chaudhury, S.C., (1978). General fauna, freshwater fish. Arunachal Pradesh Dist.
Gazette. Lothi District, 21-23p.

Chaudhury, S.C. (1981). General fauna, freshwater fish. Arunachal Pradesh Dist.
Gazette Subansiri District, 41 - 42p.

Chhapgar, B.F., & Manakadam, R. (2000) (eds.). Ecology of hillstream of Western
Ghats with special reference to fish community. Final report pp:
203. Bombay Natura History Society, Mumbai.

Coon, T.G,, (1987). Responses of benthicriffle fishes to variation in stream discharge
and temperature p. 77-92

Datta Munshi, J.S., & Srivastava, M.P. (1988). Natural history of Indian fish and
systematics of freshwater fishes of India. Narendra Publishing House,
New Delhi.

Davis, W.S., & Simon, T.P. (1995). Biological assessment and criteria : tools for
water resource planning and decision making. Lewis Publishers,
Boca Ratin, Florida.

Dey, S.C., (1975). Ecomorphology of the Ichthyofauna of the river Pagladia within
Kamrup Dist. J. Assam Sci. Soc. 18(1): 1- 5.

DuttaA.K., & Barman R.P. (1985). Fauna ofNamdapha, Arunachal Pradesh (Pisces)
Rec. Zool. Surv. India. 6(1-3): 275 - 277.

Dutta, A.K., & Barman, R.P. (1984). On a new species of the genus Garra Hamilton
(Pisces: Cyprinidae) from Namdapha Wild Life Sanctuary, Arunachal
Pradesh, India. Bull. Zoo. Surv. India. 6(1-3): 283 -287.

WII Centre for Wildlife and Protected Areas % g




Chapter 10: Fishes of Rain Forest Streams/Rivers... 161

Dutta,A.K., & Sen, T.K. (1977). Schizopygopsis stoliczkae steindachner - Firstrecord
from Arunachal Pradesh, India, with observation on the extension on
the Geographical range. Newsl. Zool, Surv. India. 3(4): 143 - 144.

Derkman, E.., & Rabeni, C.F. (1987). Effects of siltation on stream fish communities.
Env. Biol. Fish 18: 285-294.

Eadie, J.M., Hurley, T.A. Montgomery, R.D. & Teacher, K.L. (1986). Lakes and rivers
an islands: species-area relationships in the fish faunas of Ontario.
Env. Biol. Fish 15:81-89.

Edds, D.R., (1993). Fish assemblage’s structure and environmental correlates in
Nepal's Gandakiriver. Copeia 1993:480-60.

Edds, D.R.,(1986). Fishes of Kali Gandaki/Narayani river, Nepal. Journal of Natural)
History Museums of Nepal 10: 13-22.

Fausch, K.D., Lyons, J. Karr, J.R. & Angermeier, P.L. (1990). Fish communities as
indicators of environmental degradation p. 123-144 in: S.M. Adams
(ed.) Biological indicators of stress in fish. Ame. Fish. Soc. Sym 8.
Bethesoda.

Fausch, K.D., & Bramblett, R.G. (1991). Disturbance and fish communities in
intermittent tributaries of a Western Great Plains river. Copeia
1991,208-18.

Fisher, W.L., & Pearson, W.D. (1987). Patterns of resource utilization among four
species of darters in three central Kentucky streams in community
and Evolutionary Ecology of North American stream fishes (ed. W.J.
Matthews and D.C.Heins) University of Oklahoma Press, Norman
pp. 69-76.

Ghosh, S.K. (1979). Fish fauna of the states of Meghalaya, Tripura and U.T. of
Arunacha Pradesh, P. 226 0 231. Annual Report (ICAR, Shillong).

Ghosh, S.K., & Lipton, A.P. (1982). Ichthyofauna of the N.E.H. Region width special
reference to their economic importance. ICAR Special Bulletin No.|
(ICAR Research Complex, Shillong, Meghalaya.

Gido, K.B., Larson, R.D. & Ahim, L.A. (2000). Stream-channel position of adult rainbow
trout downstream of Navajo Reservoirs, New Mexico, following,
changes in reservoir release. N. Am. J. Fish. Manage. 20: 250-258.

Gopi, K. C. & Radhakrishnan, C. (1998). Freshwater Fish Diversity in Wetland Kerala,
Southindia- A Revised Check List. Zoos print. XIli (12): 31.

Gopi, K.C., (2001). Garra periyarensis a new cyprinid fish from Periyar tiger reserve,
Kerala. India. 98 (1): 80-83.

WII Centre for Wildlife and Protected Areas




63 et _ ' ~ Envis Bulletin

Gregary, S.V., Swann, F.J. Mckee, W.A. & Cummins, K.W. (1991). An ecosystem
perspective of riparian zones. Bioscience 41: 450-551.

Greenberg, L.A., (1991). Habitat use and feeding behaviour of thirteen species of
benthic stream fishes. Environ. Biol. Fish 31:389-401.

Hall,L.W. Jr., Scott, M.C. Killen Jr.W.D. (1996). Development of biological indicators
based on fish assemblages in Maryland coastal plain streams.
Maryland Dept. of Nat. Res. Area Rep. CBWP - MANTA -EA - 96-1,
Annapolus.

Haniffa, M.A., & Arunachalam, M. (1999). Biological diversity in relation to community
structure of fishes in river Chittar of Western Ghats, Peninsular India.
Final report to Ministry of Envt. and Forests, Govt. of India. 67p.

Harris, J.H., (1995). The use of fish in ecological assessments. Australian Journal of
Ecology 20: 65-80.

Hem, W.E., (1987). Interspecific competition and habitat segregation among stream-
dwelling trout and salmon. Fisheries 12: 24-31.

Hughes, R.M., Larsen, D.P., & Omemik, J.M. (1986). Regional reference sites - A
method for assessing stream potentials. Environmental
management10:629-635.

Hugueny, B., (1989). West African rivers as biogeographic islands: species richness
of fish communities. Oecologia 79: 236-43.

Hynes, H.B.N., (1989). Keynote address. Can. Spec. Publ. Fish. Aquat. Sci., 106: 5-
10.

Indra, T. J. & Remadevi, K. (1981). A new species of the Génus Homaloptera from
Silent Valley, Kerala, South India, Bull. Zoo/. Surv. India. 4(1). 67 - 71.

Jackson, D.A., Harvey, H.H. (1989). Biogeographic associations in fish assemblages:
local vs regional processes. Ecology 70: 1472-1484.

Jeyaraj, E.G., Krishna Rao, D.S. Ravichandra Reddy,S. Shakuntala, K. & Devaraj,
K.V. (1999). Anew cyprinid fish of the Genus Salmostoma (Swainson)
from a Tropical reservoir of south India. J. Bombay Nat. Hist. Soc.
96 (I): 113-115.

Jayaram K.C., (1991a). Systematic status of Danio Malabaricus (Pisces: Cyprinidae).
Ichthyol. Explor. Freshwater. 2: 109 -112.

Jayaram, K. C., (1991b). Revision of the Genus Puntius Hamilton from the Indian
Region. Rec. zool. Surv. Occ. Pap. 135: 178pp.

Jayaram, K. C., (1997). Nomenculaturaland Systematic Status of Barbus Mussllah
Sykes 1839. J. Bombay Nat. Hist. Soc. 94: 48-55+2pls.

WII Centre for Wildlife and Protected Areas %




Chapter 10: Fishes of Rain Forest Streams/River:s...

Jayaram, K.C., (1981). On a new species of the Genus Puntius (Pisces, Cyprinidae)
from the Cauvery River, Kamataka State, South India. Matsya. 7: 47
-49.

Jayaram, K.C., (1999). The freshwater fishes of Indian region. Narendra Publication,
New Deihi, India 551 pp.

Jayaram, K.C., & Dhas, J.J. (2000). Revision of the Genus Labeo Cuvier from the
Indian region with a discussion on its phytogeny and zoogeography
(Pisces: Cyprinidae, Cyprininae). Rec. Zool. Surv. ind. Occ. Pap.
No. 183: 1 - 143.

Jhingran, A.G,, (1992). Fish and Fisheries of India. 3" ed. Hindustan Publ. Corp. New
Delhi. 727 pp.

Jowett, 1.G., & Duncan, M.J. (1990). Flow variability in New Zealand rivers and its
relationship to instream habitat and biota. N.Z. J. Mar. Fres. Res.

Judy, R.D. Jr.,, Seeley, P.N. Murrey, T.M. Svirsky, S.C. Whiteworth, M.R. & Ischinger,
L.S. (1984). National Fisheries Survey Vol. 1. Tech. Report Initial
Findings. U.S. FishWildl. Serv. FWS/OBS-8406. 140 pp.

Kadar, P.B.A., (1989). Studies on the fish and fisheries of Inland waters of Trichur
District. Ph. D. Thesis Submitted to University of Calicut.

Karr, J.R., (1981). Assessment ofbiotic integrity using fish communities. Fisheries 6:
21-31.

Karr, J.R., (1991). Biological integrity: a long neglected aspect of water resource
management. Ecol. Appl. 1: 66-84.

Karr,J.R., Fausch, K.D. Angermeier, P.L. Yant, PR. & Schlosser, I.J. (1986). Assessing
biological integrity in running waters. A method and its rationale.
Minois Natural History Survey Special Publication 5, 28 pp.

Khuda Buksh, A.R, (1980). Ahigh number of chromosomes in the hill stream Cyprinid,
Torputtitora(Pisces). Experientia, 36: 173-74.

Khuda Buksh, A.R. & Barat., A. (1987). Chromosomes in fifteen species of Indian
telecosts. Caryologia, 409(1&2): 131-44.

Kinzie lll, R.A., (1988). Habitat utilization by Hawaiian stream fishes with reference to
community structure in oceanic island streams. Env. Biol. Fishes
22:179-197.

Kurup, B. M., & kuriakose, B. (1991). Labeo dussumieri (val.) and Indigenous
endangered Carp Species ofKerala. Fishing chimes. 14: 39 - 42.

Kurup, B.M., (1992). Preliminary Observations of riverranching of Labeo dussumieri
(val.) in Pampa, Kerala. In: Proc. Fourth. Merali Science Congress.

WII Centre for Wildlife and Protected Areas




164

ca * Envis Bulletin

Kurup, B.M., (1994). An account of threatened fishes of India. Proceedings of the
National Seminar on endangered fishes of India held at National
Bureau of Fish Genetic Resources, Allahabad on 25 - 26 April, 1992.

Lake, P.S., (1982). The relationships between freshwater fish distribution, stream
drainage area and stream length in some streams of south-eastern
Australia. Aust. Soc. Limnol. Bull 8, 31-37.

Larsen, D.P., Omemik, J.N. Hughes, R.M. Rohm, C.M. . Whittier, T.R. Kinney, A.J.
Gallant,A.L. & Dudley, D.R. (1986). Correspondence between spatial
patterns in Fish assemblages in Ohio streams and Aquatic
Ecoregions. Environmental Management 10(6): 815-823.

Leaveque, C., (1997). Biodiversity dynamics and conservation: the freshwater fish of
tropical Africa. Cambridge University Press, Cambridge 438 p.

Loeb, S.L., (1994). An Ecological context for biological monitoring p. 3-7 In: S.L. Loeb
andA. Spacie (eds.) Biological monitoring of aquatic systems. Lewis
Publishes, Boca Raton, Florida.

Lobb, M.D., & Orth, D.J. (1991). Habitat use by an assemblage of fish in a large
warmwater stream. Trans. Am. Fish. Soc; 120: 65-78.

Mahon, R., (1984). Divergent structure in fish taxocenes of north temperate streams.
Can. J. Fish Aquatic. Sci 41: 330-350.

Mahon, R., & Port, C.B. (1985). Local size related segregation of fishes in streams.
Arch. Hydrobiol. 103:267-271.

Maitland, P.S., & Lyie, A.A. (1996). Threatened freshwater fishes of Great Britain. In:
p. 9-21in Conservation of Endangered Freshwater fish in Europe. A.
Kirchhofer D. Hegti (eds.) Birkhauser Verlaz Basel/Switzerland.

Manimekalan, A., (1998). The fishes of Mudumalai Wildlife Sanctuary, Tamil Nadu,
South India. J. Bombay Nat. Hist. Soc. 95: 431 -443.

Manimekalan, A., (2000). Diversity and ecological structure and conservation of
threatened fishes of the Nilgiri Biosphere Reserve. Ph.D., Thesis
submitted to Manonmaniam Sundaranar University, Tirunelveli, Tamil
Nadu. 179 pp.

Marzelf, G.R., (1978). The potential effects of clearing and snagging on stream
ecosystems. FWS/OBS-78/14 U.S. Fish & Wildlife Service.
Washington, DC.

Matthews, W.J., Berk, J.R. & Swat, E. (1982). Comparative ecology of the darters,
Etheostoma podostemone, E. flabeflare and percina roanoka in the
upper Roanoke river drainage Virginia. Copeia 1982 805-14.

WII Centre for Wildlife and Protected Areas %g




Chapter 10: Fishes of Rain Forest Streams/Rivers... 165

Matthews, W.J., & Hill, L.G. (1980). Habitat partitioning in the fish community of a
south western river. Southwest. Nat. 25: 51-6 6.

Matthews, W.J., (1986). Fish faunal structure in Ozark stream: stability, persistence
and a catstrophic flood. Copeia.

Matthews, W.J., & Robinson, H.W. (1988). The distribution of the fishes of Arkansas:
a multivariate analyses. Copeia 1988: 358-374.

Matheson, R.E., & Brooks, G.R. Jr. (1983). Habitat segregation between Cottus bairdi
and Cottus girardi: an example of complex inter-and intraspecific
resource partitioning. Am. Midi. Nat; 110, 165-76.

McCormick, F.H., Peck, D.V. & Larsen, D.P. (2000). Comparison of geographic
classification schemes for Mid-Atlantic stream fish assemblages. J.
N. Am. Benthol. Soc., 19(3): 385-404.

Meffe, O.K., (1984). Effects of abiotic disturbance on coexistence of predator and
prey fish species. Ecology 65: 1525-1534.

Menon, A.G.K., (1984). Noemachilus (Mesonoemacheilus) petrubanarescui, A new
loach from Dhannasthala, Karnataka State, India. Cybium. 8(2): 45 -
49, -

Menon, A.GK., (1992). Taxonomy of Mahseer fishes of the Genus Tor gray with
description of a New Species from the Deccan. J. Bombay Nat.
Hist. Soc. 89(2):210-231.

Menon, A.G.K., & Rema Devi, K. (1995). Hypselobarbus Kurali A New Cyprinid fish
from Western Ghats, South India. J. Bombay Nat. Hist. Soc. 92(3):
389 - 393.

Menon, A.GK., & Jacob, P.C. (1996). Crossocheilus Periyarensis, A New Cyprinid
fish from Thannikudy (Thekkady), Kerala, S. India. J. Bombay Nat.
Hist. Soc. 93: 62-64.

Menon, A.GK., & Rema Devi, K. (1993). Puntius mudumalaiensis, A New Cyprinid
fish from Mudumalai, Tamil Nadu. J. Bombay Nat. Hist. Soc. 89:
229-231.

Menon, A.GK., (1999). Checklist - Freshwater fishes of India. Rec. Zool. Surv. India,
Occ. Paper No: 175: ixxix, 366 pp.

Miller, G.L., (1983). Trophic resource allocation between Percina sciera and P.
ouachitae in the Tombhighee river, Mississippi. Am. Midi. Nat. 110,
299-313.

Miller, D.L., & thirteen coauthors (1988). Regional application on index of biotic integrity
for use in water resource management. Fisheries, 13: 12-20.

WII Centre for Wildlife and Protected Areas




166 Envis Bulletin

Molur, S., & Walker, S. (1998). Report of the workshop on, “ Conservation Assessment
and Management Plan (CAMP) for freshwater fishes of India.
Organised by Zoo Outreach Organisation and NBFGR, Lucknow,
22-26" Sep. 1997. 156 p.

Moyle, P.B., & Senanayake, F.R. (1984). Resource partitioning among fishes of
rainforest streams in Srilanka. J. Zool. Lond. 202: 195-223.

Osbome, L.L. & Wiley, M.J. (1992). Influence of tributary spatial position on the
structure of warm water fish communities. Can. J. Fish Aquat. Sci.
49:671-681.

Oswood, M.\W., Reynolds, J.B. Irons IlI, J.G. & Milner, A.M. (2000). Distribution of
freshwater fishes in ecoregions and hydroregions of Alaska. J. N.
Am. Benthol. Soc. 19:405-418.

Paalab G.S., & Chowdhary, S. (1997). Some indigenous fish species of Tripura, cry
for protection, debacleiii (2&3): 55 - 60.

Paller, M.H., (1994). Relationships between fish assemblage structure and stream
order in south Carolina Coastal plain streams. Trans. Am. Fish. Soc
123: 150-161.

Pethiyagoda, R., & Kottelat, M. (1994). Three New Species of fishes of the Genera
Osteochilichthys (Cyprinidae,) Travancoria (Balitoridae) and
Horabagrus (Bagridae) from the Chalakudy River, Kerala, India. J.
South Asian Nat. Hist. 1(1): 97-116.

Pflieger, W.L., Schene, M.A. & Howerland, P.S. (1981). Techniques for the classification
of stream habitats with examples of their application in defining the
stream habitats of Missouri. P. 362-368. In: N.B. Armantrout (ed.)
Acquisition and Utilization of Aquatic Habitat Inventory Information.
American Fisheries Society, Bethesda, Md. 376 p.

Piet, G.J., (1998). Ecomorphology of a size-structural tropical freshwater fish
community. Env. Biol. Fish 51: 67-86.

Piet, G.J., Pet, J.S. Guruge, W.A.H.P. Vijeverberg, J. & Van Densen, W.L.T. (1999).
Resource partitioning along three niche dimensions in a size
structured tropical fish assemblage. Can. J. Fish Aquat. Sci.,
56:1241-1254.

Poff, N.C., &Allan, J.D. (1993). Stream flow variability, fish community structure and
implications for climate change. U.S. EPA report ERL - D 2765.

Poff, N.L., &Allan, J.D. (1995). Functional organization of stream fish assemblages
in relation to hydrological variability. Ecology76: 606-627.

WII Centre for Wildlife and Protected Areas %




Chapter 10: Fishes of Rain Forest Streams/Rivers... 167

Pringle, C.M., Naiman, R.J. Bretschko, G. Karr, J.R. Oswood, M. Webster, J.R.
Welcomme, R. & Winterboume, M.J. (1988). Patch dynamics in
Lotic ecosystems: the stream as a mosaic: J. N. Am. Bentho!.
Soc., 7: 503-524.

Pusey, B.J., Arthington, A H. & Read. MG. .  Spatial and temporal variation in
fish assemblage structure in the Mary river. South-eastern
Queensiland: the influence of habitat structure. Env. Biol. Fishes 37:
355-380.

Raju Thomas, K. Biju, C. R. Ajithkumar, C.R. & John George, M. (1999): Itchyofauna
of Eravikulam National Park with notes on trout culture in Rajamalai,
Munnar, Kerala. J. Bombay Nat. Hist. Soc. 96 (2): 199 - 202.

Ramakrishniah, M., 1986. A New Bagrid fish of the Genus Mystus (Scopoli) from
Krishna River System. Matsya. (12 - 13): 139 - 143.

Rao, M.B., (1977). A New Cyprinid fish of the Genus Osteochilichthys (Hora) from
India. Sci. & Cult. 43: 491 - 493.

Rema Devi, K., & Menon, A.GK., (1995). First Record of Parapsilorhynchus
tentaculatus (Pisces: Cyrpinidae) from the Eastern Ghats, India.
Ichthyol. Explor. Freshwaters. 6: 279 - 282.

Rema Devi, K., & Menon, A.G.K.(1994). Horalabiosa palaniensis, a new Cyprinid fish
from Pallani Hills, Westem Ghats, South India.J. Bombay Nat. Hist.
Soc. 91(1):110-111.

Rema Devi, K. & Indra. T.J. (1986): Fishes of Silent Valley. Rec. zool. Surv. india. 84:
243 - 257.

Rema Devi, K., & Menon, A.G.K. (1992). Horadandia attukorali brittani, a new sub
species of Rasborinae (Pisces: Cyprinidea) from Kerala, South India.
Trop. Fish Hobbbyist. 6: 175 - 176.

Rema Devi, K., & Indira, T.J. (1984). Noemacheilus pambarensis, a new loach
(Cyprinoidei: Balitoridae: Noemacheilinae) from Western Ghats,
Idukki, Kerala. Rec. Zool Surv. India. 94 (2 & 4): 207-210.

RemaDevi, K., & Indra, T.J. (1981). Garra menoni, A new Cyprinid fish from Silent
Valley, Kerala. S. India. Bull. Zool. Surv. India. 5(2&3): 121 -122.

Sankaranarayanan, A., 1999. Stream-landscape linkage on the resources and
communities in Gadana river basin, south Tamil Nadu. Ph.D., Thesis
submitted to Manonmaniam Sundaranar University, Tirunelveli, Tamil
Nadu. 164 pp.

Schiosser, 1.J.,(1985). Flow regime, juvenile abundance and the assemblage structure
of stream fish. Ecology 66: 1484-1490.

WII Centre for Wildlife and Protected Areas



Envis Bulletin

Schlosser, 1.J., (1987). A conceptual framework for fish community in a small warm
water streams. P. 17-24.

Schlosser, 1.J.,(1991). Environmental variation, life history attributes and community
structure of stream fishes: implications for environment management
assessment. Envir. Manage. 114: 621-628.

Schlosser, 1.J., (1982). Fish community structure and function along two habitat
gradients in a headwater stream. Ecol. Monogr. 52: 395-414.

Schrank, S.J., Guy, G.S. Whiles, M.R. & Brock, B.L. (2001). Influence of in stream
and landscape - Level factors on the distribution of Topeka Shiners
Notropis Topeka in Kansas streams.

Sedell, J.R., & Forgatt, J.L. (1984). Importance ofstreamside vegetation to large rivers:
isolation of the Willamatter river, Oregon, USA from its floodplain.
Verh. Internal. Verein. Limnol. 22: 1828-1834.

Selim, K., & Viswanath, W. (1998). A new record of Homaloptera modesta
(Vinciguerra), Cyprinidae from Manipur. J. Bombay Nat. Hist. Soc.,
95(2):352-354.

Sen, N., (1995). State fauna series 4. Fauna ofMeghalaya (Pisces), part . Vertebrates,
Zoological Survey of India, Calcutta, 483 - 606p.

Sen. N. (1998a). On a collection of fishes from Subansiriand Siang District of Arunachal
Pradesh, India. Rec. Zool. Surv. India. 97(1): 141- 144p.

Sen N., (1998 b). On a collection of fishes from Lohit, Tirap and changlang Districts of
Arunachal Pradesh. India. Rec. Zoo!. Surv. India, 97 (2): 189 - 204.

Sen, N., & Biswas, B. K. (1994). On a new species of Nangra day (Pisces:
Siluriformers: Sisoridae) from Assam, N.E. India with a note on
comparative studies of other known species: Rec. Zoo. Surv. India,
94 (2-4): 441 - 446.

Sen, N., & Chaudary, S. (1977). On a collection offish from Manas Wildlife Sanctuary
(Kamrup - Assam) and adjacent areas, newsletter, ZSl, 3(4): 199 -
204,

Sea, N., (1977). On a small collection of fishes from Mizoram. Bull Meghalaya Sci.
Soc.2:2-22.

Sen, T.K., (1985). The fish fauna of Assam and the Neighbouring Northeastern state
of India. Rec. Zoo. Surv. India, Occ. Pap. 64: 1-216.

Sen, T.K,, (1995). The fish fauna of Assam and Neighbouring North Eastern States of
India, Occasional paper no. 64, records of zoologica! survey of India,
Calcutta, 216p.

WII Centre for Wildlife and Protected Areas % ‘S




Chapter 10: Fishes of Rain Forest Streams/Rivers...

Shaji C.P., & Easa, P.S. (1995a). Extension of range Danio (brachydanio) rerio Ham.
Buch. J. Bombay Nat. Hist. Soc. 92(2); 274.

Shaji C.P., & Easa, P.S. (1995c). Homaloptera Menoni — A new homalopterid fish
(Pisces: homalopteridae) from Kerala. J. Bombay Nat. Hist. Soc.
92(3): 395-397.

Shaji, C. P.,, & Easa, P.S., (1995b). Extension of range Nemacheilus
(Mesonemacheilus) petrubanerescui (Menon). J. Bombay Nat. Hist.
Soc.92(3) 428.

Shaji, C.P., Easa P.S. & Basha, S.C. (1995). Freshwater fish diversity in Aralam
Wildlife Sanctuary, Kerala. South India. J. Bombay Nat. Hist. Soc.92
(3): 360-363.

Shaji, C.P,, Arun, L.K. & Easa, P.S. (1998). Garra Surendranathinii - A New Cyprinid
fish from the Southem Westem Ghats. J. Bombay Nat. Hist. Soc.
93(3): 572 - 575.

Shaji, C.P, & Easa, P.S. (2001). Field Guide: Freshwater fishes of the Western
Ghats. Kerala Forest Research Institute (KFRI) & National Bureau
of Fish Genetic Resources (NBFGR), 109 pp.

Shrestha, T.K. (1997). The Mahseer in the rivers of Nepal disrupted by dams and
ranching strategies. Mrs. Bimla Shrestha, Kuleswar, Kathmandu,
Nepal, 259 pp.

Singh, R.T., (2000). Present status of Loktak lake fish biodiversity. P. 92 - 94, InA.G.
Ponniah and U.K. Sarkar (eds.) fish biodiversity of North East India.
NBFGR NATP Publ. 2,228p.

Sinha, M., (1991). Mahseer- The depleting fish species of the North East. HJ. North
Eastern Council, 13.

Smart,H.J., & Gee, J.H. (1979). Co-existence and resource partitioning in two species
of darters (Percidae), Etheostoma nigrum and Percina macuilata.
Can. J. Zool., 57:2061-2071.

Soranam, R., (2000). Habitat diversity in Tropical stream fish community structure
and function. Ph.D., Thesis submitted to Manonmaniam Sundaranar
University, Tirunelveli, Tamil Nadu. 194 pp.

Talwar, PK., & Jhingran, A.G. (1991). Inland fishes of Indian and adjacent countries.
Oxford and iBH Publishing Co. Ltd., vol. | & Il 1158 pp.

Vairavel, S.M., Shaji, C.P. & Easa, P.S. (1998). Hypselobarbus kolus (Sykes) - An
Addtionto Kerala. J. Bombay Nat. Hist. Soc., 95:130. .

WII Centre for Wildlife and Protected Areas



170 Envis Bulletin

Vansickle, J., & Hughes, R.M. (2000). Classification strengths of ecoregion,
catchments and geographic clusters for aquatic vertebrates in Oregon.
J. N. Am. Benthol. Soc. 19:370- 384.

Viswanath, W., (1993). On a collected of fishes of the genus Garra Hamilton from
Manipur, India with description of a new species. J. Freshwater biol.,
5(1): 59-68.

Viswanath, W., & Sarojnalini, C. (1988). Anew Cyprinid fish Garra manipurensis from
Manipur, India. Jap. J. Ichthyol. 35(2): 124-126.

Viswanath, W., & Singh, H.T. (1985). On a collection of fishes from Tengnoupal District
of Manipur with some new records. /ntl. J. Acad. Ichthyol. (Proc.V.
AISI): 85-90.

Viswanath, W., Manojkumar, W. Kosygin, L. & Selim, K.S. (1998a). Biodiversity of
freshwater fishes of Manipur, India. /tatian J. Zool., 65:321 - 324p.

Viswanath, W. Manojkumar, W. & Selim, K. (1998b). First record of Cyprinid fish
Chagunis nichoisi (myers) from India. J. Bombay Nat, Hist. Soc.,
95(2): 255 -257.

Viswanath, W. Singh, H.T. Singh, O.S. & Sharma, M.G. (1987). First records of
freshwater fishes Garra Gravelyi and Garra kemnpiin Manipur, indian
J. Fish., 34(3): 362 - 364.

Vishwanath, W., & Kosygin, L. (1999). A new sisorid catfish catfish of the genus
Myersglanis Hora & Silas 1951, from Manipur, India. J. Bombay Nat.
Hist. Soc. 96 (2): 291-296.

Yishwanath, W., & Kosygin, L. (2000). Fishes of the cyprinid Genus Semiplotus
Bleeker1859, with description of a new species from Manipur, India.
J. Bombay Nat. Hist. Soc. 97(1); 92-102.

Wetcomme, R.L., (1985). River fisheries. FAO Technical paper 262. Food and
Agriculture organization of the United Nations, Rome, Italy.

Whittier, T.R., Hughes, R.M. & Larsen, D.P. (1988). Correspondence between
ecoregions and spatial patterns in stream ecosystems in Oregon.
Can. J. Fish Aquat. Sci., 45: 1264 - 1278.

Wickramanayake, E.D., & Moyle, P.B. (1989). Ecological structure of tropical fish
assemblages in wetzone streams of Sri Lanka. J. Zoo/. .5'oc. Lond.
218:503-526.

Wickramanayake, E.D., (1990). Ecomorphology and biogeography of a tropical stream
fish assemblage. evolution of assemblage structure. Ecology 71:
1756-1764.

WII Centre for Wildiife and Protected Areas # g




Chapter 10: Fishes of Rain Forest Streams/Rivers... 171

Williams, J.E., & Miller, P.R. (1990). Conservation status of the North American fish
fauna in fresh water. J. Fish Biol; 37: 79-85.

Wynes, D.L., & Wissing, T.E. (1982). Resource sharing among darters in an Ohio
stream. Am. Midi. Nat. 107: 294-304.

Yadava, Y.S, & Chandra, R. (1994). Some threatened carps and catfishes of
Bramaputra River System, P. 45-55. In P.V. Dehadrai, P. Das and
S.R.Verma(eds.) Threatened fishes of India. Nature Conservators,
Muzaffamagar.

Yazdani, G. M., (1977). Fishes of Khasi hills, Meghalaya(India), With observations on
their distributional pattern. J. Bombay Nat. Hist. Soc. 74(1): 17 -28.

Yazdani., G. M., & Rao, B., (1978). A New Species of the Genus Puntius (Hamilton)
(Pisces: Cypriniformes: Cyprinidae) from Western India. J. Bombay
Nat. Hist. Soc. 73: 171 - 175.

Zacharias, V. J., & Minimol, K. C. (1999). Noemacheilus menoni, A New Species

offish from Malappara, Periyar Tiger Reserve, Kerala. J. Bombay
Nat. Hist. Soc. 96:288 - 290.

WII Centre for Wildlife and Protected Areas




172 Envis Bulletin

Plate 4

Polypedates pleurostictus (in different developmental stages) : S.U. Saravana Kumar

Hemidactylus anamallensis : S.U. Saravana Kumar
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