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EXECUTIVE SUMMARY

This report is an Initial Aquatic Environmental Impact Assessment of the Uri Hydroelectric Power
Project on River Jhelum in Kashmir, India. It includes the Terms of Reference of the assessment,
a discussion on biodiversity and threats to it, the environmental indicators used to monitor and
predict the impacts, a description of the physical, chemical and biological prerequisites of the River
Jhelum ecosystem, a description of the survey sites chosen, and an overview of the present fish and
bottom fauna. Finally, there are sections on the potential impacts on biota of the Uri Project and a
list of proposals for how mitigating and enhancing measures could be enforced.

The catchment area of River Jhelum upstream of the Uri Project barrage comprises some 12,750
km2. The discharge ranges from less than 100 cms in November, December and January to in excess
of 500 cms (cubic meters per second) in May. Daily maximum figures may range from 36 to over
1,500 cms. This condition, in addition to the very turbid and turbulent water flow, makes the river
a difficult environment for aquatic organisms, flora in particular. Alkalinity and pH are high and
thus preclude acidification. The temperature range of the water is likely to vary from 4 to 30 degrees
centigrade.

The environmental indicators chosen to evaluate the aquatic environmental impact of the Uri Project
are the fish fauna and the bottom fauna. They indicate the cumulative effect of all events prior to
sampling that somehow may have affected biodiversity. Both sampling and evaluation procedures
are standardized and have been tested and refined over a number of years. One of the objectives of
this Environmental Impact Assessment (El A) is to provide data for development of an international
assessment system.

Sites selected for sampling have a direct bearing on.the Terms of Reference agreed on. In summary
they will be able to yield data on alterations in the fish fauna composition (both commercial and
noncommercial species), indicate changes at the ecosystem and species level brought about by the
Project, indicate sources and effects of local pollution, give information on fish migration and
occurrence of rare and/or endemic species of fish and various invertebrates, and finally, cover a
number of reference sites where conditions will be unaffected by the Uri Project during the
construction phase and conditions that will follow after its completion.

Very little is known about the composition and distribution of the natural fish fauna of the River
Jhelum. This is not because it has not been studied before, but rather it reflects a situation where
a few original species that were once capable of reaching this remote valley have split into groups
of closely related species which makes taxonomical classification difficult. The situation can be
compared with the situation Charles Darwin once discovered in the Galapagos Islands off the coast
of Ecuador. A preliminary revision of the systematics of the snow trout group has been performed
and this work, which is essential for an evaluation of ecological changes, will continue. A total of
twelve species of fish were recorded in the affected area.

The most important group from a commercial standpoint is the genus Schizothorax, locally known
as snow trout. They perform spawning migrations up and downstream and their migration will be
disturbed by the diversion of water from the river and by the building of a barrage, despite the
presence of a fish ladder. There is a particular need to protect snow trout habitat because it is
threatened by human alterations of all wetlands in the Kashmir Valley and commercial fishermen
are already reporting dwindling catches.



Bottom fauna analysis indicates the presence of several taxa that may be endemic to the Kashmir
Valley and are thus of global concern to protect, however, much more work is needed before any
conclusive evidence can be given in this respect. This set of data also indicates sources of local
pollution, but by and large pollution is not, nor will it be, of any great ecological importance. With
the diminishing biological significance of the main river future emphasis should be placed on the
tributary nallahs. One of these streams, Buniyar nallah, has its confluence with River Jhelum only
a few hundred meters downstream from the Uri barrage and it will become the most important
source of water for the 11 km of the river water will be diverted from. In addition, Buniyar nallah
has unique value both as an unpolluted clearwater nallah and as a spawning ground for at least two
species of snow trout and a number of other resident fish species. It is suggested that a fish ladder
be built across the tunnel intake of the headrace canal which has rendered Buniyar nallah
inaccessible to ascending fish, and that all three fish ladders (at Lower Jhelum barrage, Uri barrage
and on Buniyar nallah) be covered with coarse metal grids to prevent poaching.

Two factors will have major adverse impact on the fish fauna and on the entire River Jhelum
ecosystem:

1) the diversion of the entire discharge through the power station during six to seven months of
the year which will kill virtually all fish migrating or passively moving downstream.

2) the diversion of the same discharge from the original river bed along an 11 km stretch of
river. The latter condition will reduce the river to a trickle for half the year with a reduction
of its biological production proportional to the area covered by running water. It is strongly
advised that a minimum discharge past the barrage be guaranteed at all times so as to
minimize this detrimental effect.

In addition to the proposals mentioned above, it is advised that the Buniyar nallah valley be
conserved legally as an Aquatic Diversity Management Area (ADMA) to guarantee its greatly
increased importance as a gene bank for biodiversity and for the production of snow trout. In order
to enhance the latter aspect and to improve research conditions in aquatic biology at the P.G.
Department of Zoology at Kashmir University, a fish hatchery should be built on the premises now
occupied by the labor camp on Buniyar nallah.



1 BACKGROUND

The Swedish International Development Cooperation Agency (Sida) assists the government of India
through the National Hydroelectric Power Corporation Limited (NHPC) since 1990. NHPC is
responsible for the construction and management of the Uri Hydropower Project in Kashmir.

The National Board of Fisheries has an assignment to prepare and conduct a programme for aquatic
Environmental Impact Assessment (EIA) of the Uri Hydropower Project in Kashmir, India. The
overall objective is to make a final analysis of the impact on the aquatic fauna and to evaluate the
impacts of the Uri Project on the aquatic ecosystem, with particular reference to fish and bottom
fauna. The immediate objectives are to implement fish and bottom fauna surveys and fish collection
and classification investigations, before and after the construction of the Uri hydropower plant.

The studies started in 1990 and are expected to be concluded in 1998. Within the Board, the
Institute of Freshwater Research (IFR) and SWEDMAR, the Board's international consultancy group,
are responsible for the coordination, planning, implementation and administration of the programme.

In the mid term, SWEDMAR has been assigned to prepare an Initial Aquatic Environmental Assess-
ment Report, within the framework of the programme. Dr. Lennart Nyman was appointed to carry
out the task which was performed in line with the Terms of Reference in Annex 1.

This report describes the biological status of the part of the River Jhelum which will be affected by
the Uri-project, with particular reference to:

1 composition and distribution of fish and bottom fauna
2 water quality
3 endangered fish species
4 function of a proposed fish ladder
5 potential effects on river fisheries
6 ecological effects on aquatic life downstream of the Gingal (Gingle) Camp

The background material has been collected in the period 1990-1994 by staff of the Institute of
Freshwater Research (Swedish National Board of Fisheries), the Swedish Museum of Natural
History, the Swedish Environmental Protection Agency, Limnodata HB Consultants, the P.G.
Department of Zoology, University of Kashmir and the National Hydroelectric Power Corporation
Limited, India (NHPC) and is compiled and annexed under separate cover (the Appendix can be
requested from Swedmar's library). NHPC and AB Hydroconsult, Sweden, have also provided
valuable informaton on water flow and sediment transport conditions of River Jhelum.



2 INTRODUCTION

2.1 The Biodiversity and Ramsar Conventions as a frame

Two international conventions have bearing on the analysis presented in this report. Of paramount
importance is the Convention on Biological Diversity (UNCED 1992) which was ratified by India
on February 18, 1994 and by Sweden on December 16, 1993. In short, this convention implies that
environmental concern should be given the same weight and importance as economic factors in order
to build a human society based on sustainable use of renewable natural resources thus helping to
conserve the world's biological diversity (biodiversity). The Precautionary Principle is also
highlighted. It states that when environmental data are lacking or scanty it is advisable to
overestimate rather than underestimate potential hazards. It is further implied that Environmental
Impact Assessments (EIAs) should be conducted when it is envisaged that a project may have
detrimental effects on biodiversity in order to avoid or minimize such effects. The second convention
which has an indirect bearing on the environmental impact assessment of the Uri Project is the
Ramsar Convention. This is the Convention on Wetland of International Importance especially as
Waterfowl Habitat. Wular Lake, upstream of the Uri Project, is a Ramsar site.

2.2 What is biodiversity and why save it?

Biological diversity is not only the wealth of life on earth, the microorganisms, plants and animals,
but also the genes they contain and the ecosystems they help build into the living environment.

The biodiversity we see and are part of today is in fact the end result of four billion years of
evolution. How much biodiversity is there? Our combined knowledge is limited. We know most
ecosystems because we described and thus "invented" them. We really know only a fraction of all
the species on earth (1.4 million out of a postulated 10-80 million), and we know hardly anything
about the genetic variability within and among species, save for a few hundred species of
commercial or strictly scientific importance.

When we destroy nature, we destroy biodiversity, although our lives are dependent on it.
Biodiversity provides ecosystem stability, biological production (everything we eat) hence economic
stability, medicines, housing (wood), clothing and fuel. Biodiversity is also the basis of many
religions, cultures and aesthetic values.

Finally there is the moral argument: Who are we to condemn other species to extinction either
through neglect or because they appear to stand in our way?

2.3 Threats to the freshwater ecosystem

The ultimate cause of most of the loss of biodiversity is the expansion of human population. The
end result of almost all human activity sooner or later affects a freshwater system, e.g. a brook,
river, pond or lake. The impact can either be direct, in the form of habitat destruction, or indirect,
via the air or precipitation. The type of threat differs from site to site, but may be divided into four
broad categories:



1 habitat degradation
2 water quality degradation
3 introduction of exotic species
4 overfishing

These four proximate causes of species and ecosystem decline and loss rarely act individually, but
in concert, and the first two factors are the principal causes of loss of biodiversity in aquatic
ecosystems.

In India, as elsewhere, the most important direct cause of biodiversity loss is habitat destruction from
clearing and burning forests, draining and filling wetlands, lakes and streams, and converting natural
ecosystems for agriculture, industry and human settlement.

2.4 Indicators of the state of aquatic biodiversity

In general, biological indicators should be able to detect species in decline and the extinction of
species, the latter being the ultimate expression or measure of our failure to maintain biodiversity.

From what is stated above about our limited knowledge of the total biodiversity of all ecosystems,
indicators are subjectively chosen species (or taxa) that are known to indicate certain conditions of
the ecosystem. Basically two types of indicators can be used, alone or together, viz. chemical and
biological parameters. Chemical data indicate the condition at the time of sampling and need not be
true either before or after that time. Biological data, on the other hand, indicate the end result at the
time of sampling, i.e. the cumulative effect of all events prior to sampling that somehow have
affected biodiversity.

When the prime concern is to study the present state of biodiversity, as in this assessment, biological
parameters tell us more. However, they are complementary to, rather than substitutes for, more
detailed analyses which indicate what is happening and suggest how to mitigate environmental
hazards.

Because there can only be a few indicators, due to time and financial restrictions, they have to be
carefully selected to reflect both short-term and long-term changes to the ecosystem. In aquatic
ecosystems the environmental indicators should encompass, at the very least, total phosphorus and
alkalinity, i.e. water-chemical indicators, aquatic vegetation, bottom fauna, and fish community
studies. River Jhelum downstream of the Uri barrage complex is extremely turbid and pH and
alkalinity are very high. These factors more or less rule out the existence of aquatic vegetation as
well as acidification.

The effects of the Uri Hydropower Project will thus mainly affect bottom fauna and fish. This is
why those taxa are the focus of the field studies at this site. Environmental measures, indices and
indicator species selections are tested and proposed in a scale ranging from site-specific to global.
There is as yet no universally accepted monitoring system, but the ones used in this study are
already standardized and have been in use for a number of years.



THE RIVER JHELUM ECOSYSTEM

3.1 Physical and chemical characteristics

The total catchment area of River Jhelum at the Uri barrage site is some 12,750 km2. Because of
high precipitation in the mountains surrounding the Kashmir Valley the discharge is very high
considering the limited catchment area. The monthly mean varies from less than 100 cms (cubic
meters per second) in November, December and January to in excess of 500 cms in May (1965-
1988). The min. flow ever observed at the site of the barrage was 36 cms in 1956, however, daily
max. flows in May and June may reach 1,500 cms. The river falls rapidly along the approximately
11 kms affected by the Uri Project, viz. 255 m in altitude. This condition, plus the fact that the
water has a high concentration of suspended material, gives this stretch of river the characteristics
of a turbulent and turbid watercourse. These conditions which are adverse to aquatic life are
augmented at high discharges because the transport rate increases exponentially with water discharge.

Alkalinity, measured once in January 1990 at only two stations, was in the order of magnitude of
130-140 mg/1. The pH has an annual mean slightly below 8 and ranging from 7.5 to 8.5.

Climatic conditions measured as water temperature are very important from a biological point of
view because the minimum and maximum values reached throughout the year determine which
species of fish and bottom fauna will be able to adapt and survive. Long-term averages appear to
range from 7 to 25 degrees centigrade, but on a daily basis it is likely that the extremes may fall
in the range of 4 to 30. From an ecosystem point of view such conditions are typical of warm
temperate climatic conditions, i.e. a transition zone between a continental temperate and a
subtropical climate. Indeed, the map (Figure 1) shows that Kashmir is bisected by the boundary
between the Indo-Malayan and Palaearctic biogeographic realms.

INDIAN

OCEAN

INDO-MALAYAN REALM

Figure 1 Kashmir is bisected by the boundary between the Indo-Malayan and Palaearctic
biogeographic realms



3.2 Selection of test sites for environmental assessment

It was necessary to fulfill three sets of criteria to select the most suitable sites for test fishing and
bottom fauna collection. First, the physical conditions of the site would have to be such that:

a) fish could hold their position and
b) standard sampling procedures could be carried out.

This criterion prescribes rather shallow, not too turbulent or rapidly running water near the shore.

The second criterion was the location of sites in relation to present and future conditions of water
flow and potential pollution resulting from labor camp location, water diversion from the river, and
effects on fish migration.

The third factor to be taken into account is the seasonal variability of aquatic life. Fish migrate
during part of the year, invertebrates moult and hatch in rather cyclical patterns, and aquatic plants
develop and die. This is the reason why the field surveys were carried out in late autumn, spring
and summer.

Figure 2 displays the location of the sites selected within the River Jhelum drainage area.

Wular Lake

Pohru nallah

URI Buniyar nallah
SRINAGAR

Figure 2 Location of sampling sites in the Kashmir part of the River Jhelum drainage area



Site 1 is located along both banks of the river directly downstream of the tailrace tunnel outfall. This
site would be affected by a changed flow pattern of the river.

Site 2 is actually two locations, one comprising the river bank immediately downstream of Gingal
Camp, the other a small tributary (spring-water fed) a short distance downstream.

Site 3A is located upstream of the labor camp on Buniyar nallah.

Site 3B is downstream of the labor camp.

Site 2 would yield data on indirect pollution emanating from Gingal Camp, site 3B would serve the
same purpose with regard to the labor camp. 3A would give an indication of the undisturbed part
of Buniyar nallah.

Site 4 is located below the Uri Project barrage and Site 5 is roughly 300 m upstream of the barrage
- both on the left bank. The difference between the two will help evaluate the impact of the barrage
itself in the final assessment.

Sites 6 and 7 have the same function with regard to the Lower Jhelum Power Project upstream of
the Uri Project. Because both projects in principle are run-of-river installations with the same type
offish ladder installed, evaluation of the environmental impact of the Uri Project will benefit from
data collected at Lower Jhelum barrage and fish ladder.

The small reservoir upstream, Site 7, acts as a sieve which may be sampled both with electrofishing
and standard multimesh gillnets. This site thus gives a more accurate picture of what species of fish
actually inhabit the river.

Site 8 is at the confluence of River Jhelum and Pohru nallah.

Site 8B is in Pohru nallah. These sites indicate the magnitude of pollution from Sopor town and
Pohru nallah reaching River Jhelum.

Site 10 is in Wular Lake.

Site 11 is in Manasbal Lake. Both sites 10 and 11 were chosen to add lacustrine habitat to the purely
lotic conditions of the affected area. Besides, adding other species of fish and bottom fauna, these
two sites would indicate sources of pollution in the upstream area.

Site 12 in Sindh nallah was chosen as a reference point for Buniyar nallah because both are cold
clearwater streams with no known sources of organic pollution in their headwaters.

This selection of sites was also based on the necessity to fit the field program and budget while
making it possible to fulfill the Terms of Reference of the Aquatic Environmental Impact
Assessment.

Due to the tense political situation in the Kashmir Valley samples could only be collected at sites
1-7 in 1993 and 1994. It is anticipated that sites 8 - 1 2 may be sampled prior to the final
environmental impact assessment and will serve as reference points.



3.3 The present fish fauna

The first report describing the fish fauna of River Jhelum and the Kashmir region was by Heckel
in 1838. Heckel's descriptions were probably based on one or a few specimens each of the various
kinds of fish recognized by local fishermen, a fact that has tended to overestimate the number of
types, i.e. species. Even so, Heckel's list of fishes has remained the most important source of
information on the fish fauna of the Kashmir region. The original list was revised by Day (1876),
Mukerji (1963), Misra (1949), Hora, et al. (1956), Silas (1960), Das and Subla (1963).

Based on this data 13 nominal species of the so called snow trout (Schizothorax) were reported from
the Kashmir Valley. Hybridization within this closely related group of fishes may be common, a
condition often reported among northern salmonids of the genera Coregonus and Salvelinus.

Other important genera are Labeo, Triplophysa, Glyptothorax and Glyptosternon. Except for the
latter two genera, which belong in the catfish family Sisoridae, all the other native fish species
belong to the widespread fish order Cypriniformes, often called cyprinoids.

A number of salmonid species from Europe and North America have been introduced into high-
altitude streams, ponds and lakes. Brown trout and rainbow trout are found in self-sustaining
populations. In the large lakes in the Kashmir Valley, European carp (Cyprinus carpio) and
mosquitofish {Gambusia holbrooki) from America are abundant. In 1990 crucian carp (Carassius
carassius) were identified. A close relative of the carp, and also of European origin, they were
probably misidentified as carp at the fry stage. Puntius conchonius has been introduced from the
Indian lowlands.

None of the exotic fish species are in any way affected by the Uri Project, nor will they be.

The identification of the composition of the fish fauna in the present study is based on material from
three surveys done in November 1990, May 1993 and July 1994. The fishes were examined
externally by specialists from the University of Kashmir, the Swedish Museum of Natural History
and the Institute of Freshwater Research.

In addition, starch gel electrophoresis was employed to look for possible genetic differences among
the species Schizothorax esocinus, S. labiatus and S1. plagiostomus. These three species are among
the four which may be rather easily discerned externally, however, no fixed species-specific alleles
were found. This seemingly "negative" finding points out how closely related the schizothoracine
fishes are and how easily yet another species may avoid detection. This uncertainty about the major
native fish fauna is also reflected in the analysis of the material collected. From six to ten different
species of the genus Schizothorax were "identified" from the field collections in 1990, 1993 and
1994, respectively. After thorough taxonomical analysis, however, only four species of the genus
may provisionally be identified with confidence: S. curvifrons, S. esocinus, S. labitatus and S.
plagiostomus.

Of those four, local fishermen recognize three by name, in Kashmiri:

S. curvifrons is called SATTER GAD

S. esocinus is called CHHURRU
S. plagiostomus is called KHONT



Furthermore, local fishermen name three more schizothoracine types of fish:

CHUSH, ALE GAD and RAMA GAD.

Collectively, all the native species of fish are called KASHMIRI GAD (literally "Kashmiri fish").

The two exotic cyprinids (carp and crucian carp) are called PUNJABE GAD and GANG GAD,

respectively. Trout, both the brown trout and the rainbow trout, are called THROATTH.

In 1990 fish were collected from a variety of waters upstream of the Uri barrage (Figure 2). By
doing so we were able to get an indication of the spatial distribution of the various species, which
in turn would indicate whether they were mainly lacustrine or lotic (occuring in running water).
Obviously, species which were found only in lakes during late autumn (November), spring (May)
and summer (July) would not be affected by the Uri Project.

Species that were found to perform seasonal migrations upstream or downstream, or were resident
in running water, on the other hand, were likely to be affected. In order to strengthen these data men
who fish commercially along the river and some of its tributaries and lakes were interviewed. This
survey was carried out in December 1993 and April 1994. The gut content of three schizothoracine
species was also examined to determine whether the fish had eaten items indicative of lacustrine or
lotic habitat.

Finally, in all three years when field sampling was performed fish were sampled from the area
directly upstream of the Uri barrage (around the Lower Jhelum Power Project) and in the part of
Jhelum to be affected by the barrage. Sampling was also performed in the major tributary
downstream of the barrage (Buniyar nallah) and in a small spring close to the southern shore of
River Jhelum directly downstream of Gingal (Gingle) Camp. Tagging of fish in the vicinity of the
Lower Jhelum barrage was carried out to get indirect evidence of the extent and direction of fish
migration.

All test fishing in River Jhelum downstream of the Uri barrage and in the major tributary (Buniyar
nallah) and a small spring on the river bank downstream of Gingal Camp was carried out according
to a standardized procedure evaluated both in temperate and tropical waters (summarized in Nyman
1990). This method employs an electrofishing unit. Directly upstream and downstream of the barrage
at Lower Jhelum multimesh gillnets were employed. Their use is also standardized (op. cit.)

In addition to test fishing at all sites (see Figure 2), conductivity, turbidity, oxygen content,
saturation (%), and temperature were recorded.

In summary, the following fish species were collected in River Jhelum, Buniyar nallah and the
spring, respectively: see Table 1
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Table 1

Fish species

Schizothorax:
S. plagiostomus
S. labiatus
S. esocinus
S. curvifrons
S. juveniles/fry

Triplophvsa:
T. yasinensis

Schistura:
S. punjabenis

Glvptothorax:
G kashmirensis
G. pectinopterus

Crossocheilus:
C. diplochilus

Glvptosternon:
G. reticulatum

Labeo:
L. diplostomus

Puntius:
P. conchonius

River Jhelum

X
 

X
 

X
 

X
 

X

X

X

X

X

X

X

X

X

Buniyar nallah

X

X

X

X

X

.

X

Small spring

X 
' 

X
 

X
 

X

X

X

X

X

X

X

According to Table 1, twelve species of fish could be positively identified in the region affected by
the Uri Project. There is also reason to believe that occasional carp (Cyprinus carpio) and Botia
birdi may occur because they were caught in River Jhelum in the vicinity of the Lower Jhelum
barrage. This judgement is based on taxonomical analysis of 3,104 specimens caught, including a
few purchased from fishermen. However, because of the difficult situation with several genera
possibly harboring morphological "sibling species", additional species may be described after more
thorough analysis and revision.

3.3.1 Fish migrations

The schizothoracine species undertake seasonal migrations both up and downstream River Jhelum.
Upstream migration takes place in spring as a spawning run. Spawning takes place in the nallahs,
like Buniyar, Bachi, Pohru, Ferozepur, Madhumati, Erin, Mawar, Tallar, Sindh etc. Apparently,
spawning grounds are found in shallow areas with a substrate of sand and gravel. After hatching,
the fry overwinter in the nallahs. The downstream migration of postspawners takes place in autumn
(September - November). The postspawners aggregate in lacustrine habitat for fattening after which
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they appear to continue downstream in the Jhelum again. Some populations remain in the lakes
during winter which is one of the reasons commercial fishermen have higher catches during that
season.

Although much less is known about the other native species, seasonal migrations are likely to occur,
though not as far reaching as among the schizothoracine species. In the absence of ponds, lakes or
indeed shallow still-water areas, where biological production would be high, there would be no
"biological incentive" for fishes in the nallahs to go downstream as far as River Jhelum, except for
the four Schizothorax species mentioned here. The absence of the great mahseer (Tor putitom) in
the catches is due to the presence of the Mangla Dam further downstream in Pakistan. This barrage
lacks a fish ladder and has thus cut the migration route of this anadromous fish which earlier had
its spawning grounds in the Kashmir Valley.

The following pictures show the characteristics of the sites downstream of the Uri barrage where
test fishing and bottom fauna collections were performed.

Uri tailrace (May 1993)

Gingal (May 1993)
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Spring near Gingal (May 1993)

Buniyar nallah (May 1993)
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Buniyar nallah (July 1994)

Mohara intake (May 1993)
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The following pictures show typical specimens of the fish species found in the affected part of River
Jhelum.

From top to bottom: 2 specimens of Schizothorax esocinus, 2 specimens of S. plagiostomus and a
single specimen each of S. curvifrons and S. labiatus

Glyptothorax kashmirensis

Glyptothorax pectinopterus
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Glyptosternon reticulatum

Triplophysa yasinensis

Crossocheilus diplochilus

W

Labeo diplostomus
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3.4 Bottom fauna

The bottom fauna in the waters of the Kashmir Valley is little known. One of the basic objectives
of the surveys carried out in 1990 and 1993 was to make detailed drawings of the most important
and/or common species to serve as a basis for classifications. Considering the great number of taxa
found, a number of specialists on various groups of animals have been engaged in taxonomical
work. All primary classification and drawings were done by Limnodata HB Consultants who also
carried out the sampling following standard procedures (summarized in Nyman 1990). Thirty
samples were taken at each site instead of the five usually considered sufficient which increases the
validity of the evaluation. In order to simplify classification each site of sampling was described in
detail. Among the characteristics noted were aquatic vegetation cover (according to an index from
0 - 6), width of river/nallah, depth, water velocity, turbulence (according to an index from 0 - 6 )
and bottom material. The last item was subdivided into fourteen classes, each being given an index
from 0 - 6 . The sediment collected at each site for bottom fauna analysis was, in addition, separated
into seventeen different classes for content other than bottom fauna. It is thus fair to say that each
site has been described in extreme detail which will greatly facilitate comparison with future
changes.

This detailed bottom fauna analysis, the taxonomical analysis of which is still in a provisional state,
will serve many purposes in the aquatic environmental impact assessment of the Uri Project.

Pollution, both recent and potential, will be monitored within the entire affected area. The effects
of the barrage and the much reduced water discharge after water has been diverted into the headrace
tunnel will also be monitored and evaluated.

Finally, the description of the bottom fauna of Kashmir and the degree of endemism of certain taxa
will continue throughout the project period and be summarized into the final environmental
assessment 1 - 2 years after completion of the Uri Hydroelectric Power Plant.

As argued above, an international system of using indicator species is being developed. Even though
the major characteristics of such a system are already being employed, the final environmental
assessment of the Uri Project may yield even more detailed evaluation than is possible at present.

3.4.1 Present status of the bottom fauna

In summary, the species composition of the bottom fauna in the River Jhelum water system
resembles that of other high-altitude areas in the northern hemisphere, such as Sweden, Alaska and
Japan. The fauna is characterized by stoneflies of the families Nemoridae and Capnidae; mayflies
of the families Baetidae and Heptagenidae; three caddisfly families: Hydropsychidae, Rhyacophilidae
and Lepidostomatidae; beetles of the family Elmididae; the leech family Erpobdellidae; and the
common freshwater shrimp Gammaridae. Large mussels of the genus Corbicula were sometimes
present as were gastropod genus Radix.

Due to the turbid water of River Jhelum, the number of taxa was much reduced in comparison with
its tributaries. This condition gives River Jhelum the rather impoverished fauna of a glacier-fed river.
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In fact, one of the few mayfly families that seems characteristic of River Jhelum is the
Neopherneridae, a mayfly type well adapted to great sediment load.

In Buniyar nallah, on the other hand, the number of taxa and their composition were comparable
to those of Swedish mountain streams. Prior to the building of the labor camp on its shore, Buniyar
nallah had the characteristic rich fauna of an unpolluted environment. That is to say, that all
functional groups of animals were represented and that species that are sensitive to acidification or
any type of pollution were also present, as well as species that are known to be typical indicators
of clean running water. Some of the species found in Buniyar nallah in 1990 had never been
collected before by the survey team.

An interesting finding when sampling Buniyar nallah was the presence of six species of mayflies
where the larvae were characterized by a two-pronged "tail" whereas most species have three. This
may indicate that some of these species are endemic (occur only in this area). Another indication
of the rich environment of Buniyar nallah is the presence of a brookfly of the family Athericidae,
a rare indicator of unpolluted water. For example, the two species which occur in Sweden are both
redlisted (rare and/or endangered).

Finally, in contrast to the situation in River Jhelum, the bottom living animals had clean body
surfaces, i.e. they were not covered by precipitates. It may seem that the bottom fauna of the River
Jhelum is greatly affected by the turbidity of the water and that a number of the species present
actually originate from downstream migration or flushing of fauna from the torrential tributaries.
Downstream drift and upstream colonization during the winged stage is typical of many insects with
an aquatic life stage. Such life cycles augment the importance of seeing River Jhelum and the
tributary nallahs as one functional system.

Because the taxa comprising the bottom fauna are little known to non-specialists, I have included
drawings of typical representatives of the major animal groups found in the affected area of River
Jhelum which are used as indicator organisms have been included in figure 3, see next page.

18



Figure 3

A. freshwater shrimps

C. mayfly

B. mussel

F. aquatic worm

H. leech

The freshwater shrimps (A) are common in the entire river system. They indicate that the water has
neither been contaminated by severe pollution nor by acidification. Mussels (B) account for a major
part of the total biomass of bottom fauna at some sites. Normally, mussels may be favored by slight
organic drift (pollution). Stoneflies (C) are typical indicators of clean unpolluted water, whereas
caddisflies (D) and mayflies (E) can withstand slight pollution. Aquatic worms (F), snails (G) and
leeches (H) are typical inhabitants of polluted environments. None of the sites sampled along River
Jhelum was characterized by the latter groups.
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Because of the lack of information on the invertebrate fauna of this section of River Jhelum
numerous drawings will be included in the final environmental impact analysis report. This data will
be supplemented by advice on how to hatch and classify certain important species and it is hoped
that this evaluation will benefit the University of Kashmir.

It was stated above in the section on indicators that aquatic flora was marginal in River Jhelum due
to the turbidity of the water. Two taxa, however, were recovered, namely Chlorophyta and Salvinia.
Two taxa were also recorded in Buniyar nallah {Chlorophyta and Nostoc), however, there bottom
vegetation was considerably more common and more dense than in the main river. Despite the
dearth of "normal" vegetation, the debris of decaying plants and algae forms an important nutrient
carpet which aquatic invertebrates utilize for food and shelter. As such it provides the basis for the
secondary and tertiary levels of biological production of the river, i.e. for all animals.
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4 PRELIMINARY AQUATIC ENVIRONMENTAL IMPACT ASSESSMENT

In principle, the Uri Hydroelectric Power Project is a run-of-river installation. This means that there
will be limited sediment trapping behind the barrage and therefore limited influence on project life.
A run-of-river scheme also precludes the negative impact of water level regulation upstream of the
barrage which is associated with hydropower projects based on water storage in reservoirs.
Nevertheless, a number of environmental hazards will result from the Uri Project which are
summarized below.

4.1 The impact on aquatic fauna and flora of reduced water flow in the main
river

The economic calculations for the project assume that no water will pass through the barrage during
the six-to-seven months of the year that the discharge in the Jhelum is less than the 226 cms
required for full generating capacity. It was stated in the Appraisal Report prepared for the Swedish
International Development Cooperation Agency (Sida) that "even maintaining the lowest ever
recorded discharge (36 cms in 1950) past the barrage during the drier periods would make the
project uneconomic". Since this period coincides with the period of lowest discharge in the
tributaries downstream of the barrage, there would, from a biological standpoint, be a dry river bed.
Fish fauna and bottom fauna and flora would be severely depleted, save for the trickle of water and
the few pools which would be large enough to harbor fish. Moreover the fish in these pools would
be vulnerable to poaching. With no water passing through the barrage, the resident fish population
and other aquatic fauna and flora would almost be eradicated. During the five-to-six months that
water covers the old river bed, migratory fish {Schizothorax sp.) could utilize the river as they did
before construction of the barrage. It can be assumed that the reduced water discharge will increase
the effects of pollution because less dilution of waste water will be possible. Reduced water flow
also creates less turbulence and reduced oxygen and these factors may have more adverse effect on
bottom fauna than mere pollution.

4.2 Impact of the Uri barrage on migratory fish

The Mangla Dam across River Jhelum in Pakistan forms an absolute barrier to fish migration.
Anadromous fish species, like the mahseer, are blocked from access to their original spawning
grounds while even fish that perform shorter spawning migrations are greatly affected by the Mangla
Dam. Upstream of the Uri Project the barrage at Lower Jhelum is also a severe obstacle to upstream
migration, although the conventional straight fish ladder at Lower Jhelum is functional and allows
migration both upstream and downstream.

The fish ladder at the Uri barrage is of similar construction and will no doubt function when
adequate water is allowed to pass through the fishway. Even with the fish ladder functioning
throughout the year, the total migration of fish will be greatly reduced. The majority of fish may
not be able to locate the entrance to the fishway in the middle of the river, while others will have
difficulty negotiating the steps of the ladder. In summary, the fish ladder past the barrage will
facilitate fish migration but with reduced capacity compared to conditions prevailing prior to the
construction of the barrage.
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4.3 Impact on fauna and flora in nallahs downstream of the barrage

Water flow will not be affected by the Uri Project but, because of lesser fish population in River
Jhelum and more difficult access to the nallahs of fish migrating upstream, fish production will
diminish, especially of the economically important snow trout. Access to Buniyar nallah is
particularly difficult. The tunnel of the headrace canal is built at such an altitude that artificial falls
with an eight meter drop are created. These falls will very likely form an insurmountable barrier to
ascending fish.

Buniyar nallah, on the other hand, is the major tributary of the affected area and the fact that it joins
River Jhelum just downstream of the barrage gives it a potential of increased importance to fish
production. When migratory fish face an obstacle to migration they normally ascend tributaries near
the barrier. Because Buniyar nallah already harbors spawning populations of at least two
schizotoracine species (see Table 1) and is only marginally affected by local pollution from the labor
camp, more spawners may enter it and this nallah may account for a substantial share of
Schizothorax production in the affected area of River Jhelum, and possibly also upstream of it. Local
pollution from point sources like the labor camps will decrease after completion of the project, but
local population density and growth is such as to adversely affect water quality of the nallahs.
Freshwater shrimps will also have difficulty negotiating the barrages and falls.

4.4 Impact of passage through powerstation on fish populations

Over a six-to-seven month period each year the entire water flow of River Jhelum is expected to
pass through the desilting basin, the headrace canal, the headrace tunnel (10.5 km long), the
penstocks, the Francis turbines and the tailrace tunnel to its outfall just upstream of the confluence
of River Jhelum and Haji Pir nallah. Few, if any, fish will survive that passage. In reality, all fish
migrating downstream, or even passively drifting downstream, will be killed. Even at full discharge
a substantial part of the fish population moving downstream will be tapped continuously. Since all
the fish is eaten by local people, the effects of this protein drain will also be felt upstream, possibly
as far as Wular Lake. The extent of this drain on migratory and nonmigratory (resident) fish species
cannot be estimated until the Uri Project is completed. There is even a risk that the fish populations
now performing spawning migrations up and down River Jhelum may vanish entirely as almost all
potential spawners moving downstream will be killed when passing through the tunnel and power
house complex.

4.5 Potential impact of the Uri Project on aquatic biodiversity

As stated in the introductory paragraphs, biodiversity is measured at three organizational levels:
ecosystem, species and gene level. Between the Uri barrage and the tailrace outfall the Jhelum
ecosystem will be dramatically altered. From having been an open, but far from virgin water with
a year-round discharge following the natural runoff, roughly 11 km of the river will be reduced to
a trickle for more than half the year, and reduced by 226 cms for the other half of the year. At the
species level it is too early to speculate which species of fish and other fauna and flora might vanish
from the affected part of the river. Suffice it to say that local populations of a number of taxa may
be reduced to the level of extinction. This in turn could have an adverse effect on the chance of
survival of rare endemic species, primarily of fish, but possibly also of certain invertebrates. A risk
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assessment will have to be made after the new environmental equilibrium has been attained. It can
already be stated that both commercial and non-commercial fish species will be adversely affected.

The situation at the intra-specific level (the genetic variability) cannot be assessed in any detail. Here
we have to rely on indirect evidence and general risk assessment in conservation biology. Habitat
loss leads to a reduction in all factors necessary for survival and reproduction. The fewer the
resources, the fewer individuals of each species the environment is able to support hence habitat loss
results in smaller populations which in turn results in increased extinction risks. The more habitat
lost in a given ecosystem, the more species and/or populations become extinct in any given period
of time. Consequently, we can predict that the risk of extinction for many species will increase as
a result of this project, but we cannot predict as yet by how much.

4.6 Potential impact upstream of the Uri barrage

The reduced spawning runs of snow trout, due to reduced water flow and fewer fish being able to
locate and negotiate the fish ladders at the Lower Jhelum and Uri barrages, will impact fish
populations as far as Wular Lake. Commercial fishing will be affected in Pohru nallah for the same
reason. Even though the dredging of the river bed near the outlet of Wular Lake is not linked to the
Uri Project, this habitat alteration will destroy spawning grounds of snow trout and will accelerate
the choking-up process of the lake. This process will have detrimental effects on fish, bottom fauna
and birds relying on the lake's fauna. In summary, the dredging of the outlet threatens the Ramsar
site which is of global concern.
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CONCLUSIONS AND RECOMMENDATIONS

A) In Swedish hydropower projects the most crucial environmental and economic questions relate
to the possiblity of arriving at a common denominator concerning a guaranteed minimum flow
past the barrage. By instituting an acceptable flow regime the aquatic ecosystem may continue
to function albeit at a lower level from a biological production point of view. Because fish
production in the turbid and turbulent River Jhelum is not proportional to discharge but rather
to the area of river bed covered with water, even a small discharge of 5-10 cms would greatly
diminish any damage to biodiversity, including fish production. Moreover, the risk of poaching
of entrained fish during drier spells would be reduced. The minimum discharge should be
maintained in such a way that the fish ladder would have a permanent water flow.

In summary: Institute a guaranteed minimum water flow in the river.

B) Although the fish ladders at both Lower Jhelum and Uri Hydropower Projects may function
satisfactorily for fish migration, poaching in the fish ladder is likely to become a problem of
increasing concern. If a coarse metal grid were welded across the entire length of the fish
ladder, this problem could be avoided. It is suggest that, as a matter of goodwill, the same be
applied to the fish ladder of Lower Jhelum barrage.

In summary: Cover the fish ladders at the Uri and Lower Jhelum barrages with coarse metal
grids to prevent poaching by humans as well as predatory birds.

C) Buniyar nallah will have increased importance both in the production of commercially
important snow trout and as a gene bank for resident fishes and an unknown number of rare
and endemic invertebrate species. The nearly pristine state of Buniyar nallah should not only
be maintained but even enhanced as a compensatory measure for damage caused to the main
river ecosystem.

The primary measure, which is absolutely necessary if Buniyar nallah is to function at all as
a spawning ground for snow trout as it is now, would be to build a fishway past the barrier
created by the diversion of Buniyar nallah under the new highway bridge but, unfortunately,
over the headrace tunnel. This should be done as soon as possible as present construction has
created a fall with an eight meter drop that is impassable to ascending fish. A fishway of a
design similar to those of the barrages on the main river could be built with the left bridge
foundation (when looking upstream) as one of the walls.

This should be done during the low discharge season of 1995 so as not to prevent the
production of a year class of snow trout in this nallah. Like the two other fish ladders, this
construction should be covered with a metal grid to prevent poaching.

In summary: As soon as possible build a fishway past the artificial falls on Buniyar nallah and
cover it with a metal grid.
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D) A mitigating factor to be considered before the completion of the power station and an area
where Swedish expertise could be involved is the building of a small standard fish hatchery,
e.g. on the premises of the present labor camp on Buniyar nallah. This facility would have two
objectives:

* The production of commercially important snow trout which could be stocked both
below the Uri Project barrage and along River Jhelum as far as Wular Lake.

* To function as a laboratory for ecological research on fish and other aquatic organisms
by P.G. Department of Zoology at Kashmir University.

Such a facility would benefit both the local communities and the educational and research
facilities of the University. Some of the present buildings could easily be transformed into
trough halls or be used for egg incubation and the level ground of the camp in other places
could be used for standard circular concrete ponds/raceways for holding fry and larger fish.

In summary: Convert some of the buildings and space of the labor camp on Buniyar nallah
to a small fish hatchery facility which would serve both local communities with fish fry for
stocking and the University of Kashmir with research facilities.

E) The tagging of fish caught in, and in the vicinity of, the present fish ladders should be
continued. This is essential for collecting data on the effectiveness of the fish ladders and on
which species of fish are able to negotiate them. A small reward is available to fishermen who
report on recaptures and return tags to NHPC or University staff. This activity can be financed
within the original budget.

In summary: Continue tagging experiments in the vicinity of the fish ladders on Uri and Lower
Jhelum barrages.

F) Investigate the logistics of turning the Buniyar nallah watershed into an Aquatic Diversity
Management Area (ADMA) (Moyle 1991). Considering the unique characteristics of Buniyar
nallah explained above in the section on the present status of the bottom fauna, in addition to
the increased importance of the nallah to production of snow trout and resident fishes, Buniyar
nallah should be preserved and utilized within the realm of an ADMA. The basic prerequistes
for an ADMA are easily fulfilled, viz.

* it must contain the resources and habitats necessary for the persistence of the species and
ecosystems it is designed to protect,

* it must be large enough in area to contain the range and variability of conditions
necessary to maintain natural species diversity, and

* it should be able to support populations of its biota that are large enough to have low
probability of extinction (Moyle 1991, Nyman 1991). It is important to note that this
new type of "aquatic nature reserve" is a water body (in this case a nallah) including
surrounding countryside whose top priority is the maintenance of local aquatic diversity.

25



This protection does not prevent the use of the ADMA to enchance production of some
of its components (fishes) as long as the activity does not endanger natural biodiversity.
Creating an ADMA in the Buniyar nallah valley would increase its importance as a
tourist attraction and show Kashmir as a progressive area in conservation of biodiversity.

India has a large protected area system administered by state government agencies. The
ADMA should be included in protected area action plans at the state and central levels
in order to mobilize donor support and possible Global Environmental Facility (GEF)
assistance. Specific programs are needed for concerted efforts to include biodiversity in
management of both terrestrial and aquatic ecosystems and so that mechanisms are
developed for increasing benefits to local communities. Human encroachment is an ever
increasing risk in all protected areas and the need for a strategy for dealing with people
in protected areas in a densely populated area like the Kashmir Valley should be
stressed.

In summary: Investigate the possibilities of turning the Buniyar nallah valley into an Aquatic
Diversity Management Area (ADMA) to augment its importance as a gene bank and for fish
production and research.

G) As a precautionary measure to minimize excessive fishing during spawning of snow trout, a
closed season should be enforced in all nallahs where schizothoracine species are known to
occur. The duration of the closed season and the logistics involved in enforcing it and
informing local people of its importance in yielding more large fish should be carried out in
consultation with P.G. Department of Zoology, Kashmir University.

In summary: Ban fishing in the nallahs during the spawning season of snow trout to increase
survival of spawners and to yield higher fish production during the open season.

H) Secure enough funds to complete this environmental impact survey after the Uri Project is
brought into operation. It is essential that

* all sites sampled in 1990 be sampled and evaluated again (both concerning fish fauna
composition and bottom fauna)

* the studies on endemism and systematics be continued to make a more detailed analysis
of the aquatic environmental impact possible

* the mitigating measures proposed above (A-G) be considered as soon as possible to
minimize adverse effects on the River Jhelum ecosystem.

In summary: Secure enough funds to guarantee that the Aquatic Environmental Impact
Assessment can be completed after a new "ecological equilibrium" has been achieved in the
affected part of River Jhelum.
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ANNEX 1

Terms of Reference

Initial Aquatic Environmental Assessment

SIDA has commisioned the National Board of Fisheries to carry out the aquatic environmental
impact assessment of the Uri Hydropower Project in Kashmir, India, with particular reference to
fish and bottom fauna.

Within the framework of this assignment an Initial Aquatic Environmental Assessment will be
performed and a report prepared.

Based on the following material:

- comprehensive reports on 3 previous fish surveys, 2 bottom fauna collections and 2 fish
collections prepared by IFR, the Limnodata HB consultants and the Swedish Museum of Natural
History, respectively, to be provided to the consultant by IFR.
- data on water flow pattern and on water quality and quantity of effluent from Gingal town to be
provided by the National Hydroelectric Power Corporation Limited (NHPC), New Delhi.

The consultant will:

- analyse the existing primary and secondary data and information and prepare a report describing
the aquatic environmental status of the part of the River Jhelum which will be affected by the Uri
Project.

- include in the report above an analysis of:

1) composition and distribution of fish and bottom fauna,
2) water quality,
3) endangered fish species,
4) function of a proposed fish ladder,
5) potential effects on river fisheries, and
6) ecological effects on aquatic life downstream of the Gingal town.

The report shall be prepared in English. The background material prepared within the Swedish
project will be compiled and annexed under separate cover.

A preliminary version of the report will be discussed with the Indian counterparts and with EIA
expertise within the International Development Research centre (IDRC) and the Department of
Zoology, National University of Singapore (NUS).
The report draft will be submitted to Swedmar within a month of completion of field work. A final
version (camera-ready) will be submitted to Swedmar within two months after completion of field
work.
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