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Chapter- 01
INTRODUCTION

Human started building dams on the rivers a long time ago, and this way they have
influenced natural flow regime. In 2,600 B.C., the first large dam was built in Sadd el
Kafara in Egypt in the Garasi ravine facing Memphis. Kautilya’s Arthshastra (450 B.C.)
has references about the constructions of dams and canals for irrigation in India.
European rivers have been subjected to modifications relatively early in the history of the
continent. Roman engineers riveted rivers, constructed channels and harnessed water
power as early as 100A.D. Hydropower, with rich water resources; and dam construction
for generation of power and irrigation has been one of the oldest engineering practices of
the country. Thousands of small and medium dams of varying heights in the past have
contributed considerably to the agricultural economy of the country in addition to power
for promoting economic developments

Hydroelectric power has an important role to play in meeting the Government of India’s
(GOI) ambitious goal to install an additional 100,000MW of generating capacity 2012.
The bulk of India’s undeveloped hydropower capacity is located in mountain states, one
of which is Uttarakhand (Mac Donald, 2009). The Uttarakhand is newly carved out hill
state of the country. It has vast potential for hydropower generation. But the vulnerability
of the mountain ecosystem has warranted us for sustainable development of hydroenergy
without causing much harm to the environment.

The Tehri Dam construction was planned in post independent era for giving boost to the
development in terms of providing power, irrigation facilities, drinking water and
tourism. The Tehri Dam, a multipurpose, rock and earth fill dam is located on the
Bhagirathi River, about 1.5 km downstream its confluence with Bhilangana at Ganesh
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Prayag, Tehri, Uttarakhand (Longitude 30° 22’ 54’ N; Latitude 78° 29’ 3’ E) at an
altitude of 640 m above m.s.l. It is the highest (260.5 m above m.s.l) dam in Asia. The
Tehri Dam Project encompasses two stages. The stage | comprised of Tehri Hydropower
Plant (1,000 MW), which is commissioned in 2006 under the authority of Tehri Hydro
Development Coorporation (THDC) India Ltd. The stage Il comprised of Koteswar Dam
(400MW) and Pumping Storage Plant (1,000 MW). Koteswar Dam has also been
commisioned. The Tehri Dam construction has transformed the fluvial system of
Bhagirathi and Bhilangana into a big reservoir (2.62 X 10° m®). The extent of the
reservoir at FSL is 42 km? with 44 km up Bhagirathi near Dharasu Bridge and 25 km up
Bhilangana near Ghansali.

As a consequence of impoundment, major transformations in the fluvial morphology of
Bhagirathi and Bhilangana rivers have been resulted. Biodiversity of the area has also
been influenced. As, the biodiversity is one of the essential characteristics of any
ecosystem for assessing its health, stability, and resilience, the initiative taken by the
THDC India Ltd. under the direction of MoEF, Govt. of India for implementing the
recommendations of Hanumanta Rao committee for getting the post impoundment study
of the faunal survey for two annual cycles done is in the direction of suggesting measures
for minimizing the impact of the Tehri Dam Project on the ecosystem and its
biodiversity.

The Garhwal Himalayas present a unique ecosystem in the Indian subcontinent and
drained by the major rivers Bhagirathi, Alaknanda, Bhilangana, Mandakini, Nandakini,
Dhauliganga, Rishiganga, Nayar, Balganga, Asiganga,Pindar, Birahiganga, Tons and
Yamuna. The climate ranges from hot, dry sub-tropical in the river valley to cool, moist
temperate in the higher hills. The Garhwal Himalayas, due to its varied physiographic,
temperature gradients and climate conditions, possesses very rich floral and faunal
diversity. The Zoological Survey of India (Northern Regional Station, Dehradun)
reported the assemblage of 2,200 vertebrates and invertebrates species from eight districts
(Dehradun, Tehri, Pauri, Uttarkashi, Chamoli, Nainital, Almora and Pithoraghar) of
Uttarakhand. A total of 340 faunal species including 260 invertebrate species and 80
species of vertebrates were reported from the Tehri Garhwal district (ZSI, 1995).

PRE-SUBMERGENCE SCENARIO

The Tehri Dam environs before submergence was in the form of a Valley drained by two
major rivers-Bhagirathi and Bhilangana and many tributaries The Tehri town was located
close to the confluence of these two rivers. The fluvial system of Bhagirathi and
Bhilangana rivers was the metarhithronic zone (Sharma 1989).The zone was
characterized by alternation of pools and riffles. Riffles were characterized by rapids
,cascades and low gradient riffles at many places .Bottom substrates consisted of small
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boulders, gravel, pebbles and cobbles sized particles .Pools of the metarhithronic zone
had various types of habitats(back water pools ,tench pools and dammed pools).A vast
tract of land(42.5km?) covering 91 villages with 22 villages along with the township of
Tehri was fully submerged and 69 villages went under partial submergence due to
creation of Tehri Dam Reservoir. The vegetation of the pre-submerge area was
dominantly degraded secondary scrub (Uniyal et al 1995).Agriculture was the major
occupation of inhabitants. The major crops of the area were wheat (Triticum aestivum),
Paddy (Oryza sativa), Arhar (Cajanus cajan), Jhangora (Echinochloa fumentacea), Onion
(Allium cepa) and Til (Seasamum indicum) under two major cropping seasons — Kharif
and Rabi (BSI2011).

Keeping in view, the importance of environmental protection and survival of flora and
fauna, the Northern Regional Station, Dehradun of Zoological Society of India, was
asked to undertake a faunal survey under the Environmental Impact Assessment study
during a period of six months(May-October 1992) under five extensive faunistic surveys
each of 10 days duration. A total of 282 faunal species including 159 species of
invertebrates and 123 species of vertebrates were reported from the pre-impoundment
area. There are few contributions available on the faunal survey in the pre-impoundment
area of Tehri Dam environs. Sharma(1984) reported fish fauna form the Bhagirathi River.
He reported 23 fish species of 11 genera and 4 families. Culpisoma garua Hora was
reported for the first time from the Bhagirathi River. Singh et al (1987) reported
geographical distribution of ichthyofauna of Garhwal Himalaya form various
rivers.Sharma(1992) reported on the impact of ecological changes on fishes of Ganga
Basin in Garhwal Himalaya.

Bhattacharya and Goel(1992) reported 462 plants under 99 families from the area of
Tehri Dam before impoundment. They reported 378 dicots (under 86 families),
73monocots (under 13 families),4 gymnosperms and 7 pteridophytes. Botanical Survey
of India(Northen Regional Centre,Dehradun) undertook floristic survey of the
submergible area during August-October 1992 and April 1993,which was published by
MOoEF, Govt. of India under the title” Plant Diversity in the Tehri Dam Submersible
Area” in 1999

The Hamumanta Rao Committee (HRC) in 1998 recommended a comprehensive
multidisplinary study (covering Botany ,Zoology, Water Quality, Micro-climate and their
Inter-relationship) to identify in detail the impact of the Tehri Dam Project on the faunae,
florae biodiversity of the region for atleast two complete annual cycles, so that
recommendations can be made for minimizing the adverse impact of impoundment on the
faunal and floral diversity.
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OBJECTIVES:

Keeping in view the compliance of the recommendations of the Hanumanta Rao
Committee’s recommendations, the present work on the “Post impoundment Faunal
Survey and Analysis of Tehri Dam Environs” was undertaken for a period of more than
two annual cycles so that recommendations can be made for minimizing the adverse
impact of impoundment on faunal diversity. The major objectives of the present study are
given below:

o Documentation of current status of faunal diversity in Tehri Dam environs after
in-depth survey in various seasons for two annual cycles.

o Assessment of post —impoundment faunal changes and faunal composition caused
due to conversion of lotic environment into lentic and semi lentic environment.

o Impact on fauna (depletion in abundance or loss) due to developmental and
construction activities.

o Assessment of the impact of Tehri Dam Project on the ecosystem function and
habitat loss.

o Comparison of pre-impoundment and post impoundment faunal composition of
the Tehri Dam environs.

o Identifying the activities which are detrimental to faunal diversity.

o Assessment of corrective measures taken and further need for minimizing the
impact of impoundment on ecosystem function and faunal diversity.

o Recommendations for conservation and management of faunal diversity of Tehri
Dam environs.
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Chapter: 02
THE STUDY AREA

The study area is located in Tehri-Garhwal district of Uttarakhand state (Fig. 2.1). It
includes the reservoir (42.5 km? area) created by the construction of Tehri Dam and
covers a significant portion of Bhagirathi and Bhilangana Valley. Its northern limit in
Bhagirathi Valley ends at Dharasu, where as in the Bhilangana Valley, it is extended upto
Ghansali, close to the confluence of Balganga with the Bhilangana River. The
downstream area of Tehri Dam of Bhagirathi Valley upto Koteshwar Dam in south is also
a part of the study area. The Bhagirathi and Bhilangana were the two major watersheds
comprising 13 sub-watersheds before impoundments. Tehri Dam was constructed at an
elevation of 640 m above m.s.l. at the river bed. Thus, the reservoir area is extended upto
835 m above m.s.I including the maximum reservoir level. The study area is surrounded
by mountains as high as 1,000 — 2,000 m m.s.l on three sides.

GEOLOGY:

Geologically, Tehri Dam area is located in the lesser Garhwal Himalayas. The geological
map of the area has been presented in the Fig. 2.2. The mountains of this region are of
recent geological origin. The terrain of the area is undulating rocky with moderate slopes.
The Bhagirathi Valley represents a thick succession of quartzite, slate and limestone. The
Bhilangana Valley comprises low to medium-grained, metaphoric like gneiss, quartzite,
kind of schists, phyllite, marble’s lenticular band, ephidiorite and amphibolites owing to
its typical rock types,it is categorized as Bhilangana Formation between Panwali Thrust
and Thayeli Thrust, with the general composition of streaky porphyroblastic gneisis
quartzite ,schists, crystalline limestone, marbles, amphibolites and carbonaceous phyllite.
The Calc-zone mainly between Pratapnagar and Tehri in Bhagirathi Valley falls in Kotga
Banali Group which represents a thick succession of quartizite,slate and limestone. The
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dam area is bounded on the south by South Almora Thrust (SAT) and north in
Bhilangana Valley by Bhatwari Thrust and Bhagirathi Valley by Munsiari Thrust
(MCT),while North Almora Thrust(NAT) passes in between SAT and MCT. The major
lithunits of this area are Krol Nappe, Almora Nappe and Inner Lesser Himalaya unit. The
hills above the dam site are also constituted by highly deformed and soft rocks. The Tehri
Dam is seated on a single such tectonic block.

CLIMATE:

The Bhagirathi and Bhilangana Valley has sub-tropical climate with four major seasons-
Autumn (September-October), Winter (November-February), Summer (March-June),
Monsoon (July-August).Summer temperatures vary with altitude from a minimum of
10°C to a maximum of 35°C.However, the average day temperature remains between
20°C -30°C. Temperatures fall rapidly during the night. Winter temperature ranges from
3°C to 15°C during day time. However, night temperatures during winters are extremely
low. Snowfall is common at the higher reaches only during winters.

VEGETATION:

The Tehri Dam environs was described by Atkinson(1882) as “A very hot place devoid
of trees and surrounded by bare hills”. High temperature and water scavenging Pine at the
top has created dry habitat with open slopes under the rein of scrub jungle and scattered
occurrence of trees. General vegetation with dominance of weeds, abundance of sub-
tropical scrubby elements and absence of endemics. The entire Valley of Bhagirathi and
Bhilangana presents common sight with pine at top, scrub jungles on mid-slopes and
Reservoir slopes dotted with scattered villages and cultivated terraces along gads
(rivulets). Forests of Chir(Pinus roxburghii) form the signature forests type throughout
the Valley. Vertically extended from upper reservoir level to hill top. Occasional exposed
gaps in the canopy are occupied by shrubs. The floor of the forest is usually grassy
covered with thick mat of pine needles with sporadic ground flora (BSI 2011)

FRESHWATER HABITAT ENVIRONMENT:

Freshwater habitats in the Tehri Dam environs have two major watersheds of Bhagirathi
and Bhilangana with 13 sub-watersheds of snow fed and spring fed rivers, streams and
rivulets. These upland freshwater habitats are fragile and vulnerable to any anthropogenic
and natural pressure.

Freshwater environments are sensitive to environmental stresses. Extremes of
temperatures discharge with related changes in depth or velocity, turbidity affecting light
penetration and deposition of materials, low or high dissolved oxygen concentration and
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movement of unstable substrate, all contribute to the environmental stresses of life in
freshwater (Hellawell, 1986).

The Tehri Dam is ubiquitous structure on flowing waters of Bhagirathi and Bhilangana
that has altered flow regimes, temperature, hydraulics, stability and composition of
bottom substrates, channel morphology, riparian vegetation, sediment load and as a
consequence, the structure of benthic macro-invertebrate and fish communities. The
Tehri Dam construction has converted the lotic ecosystem of Bhagirathi River upstream
44 km and Bhilangana River upstream 24 km into a big reservoir.

The mean seasonal variations in physico-chemical environmental valuables of the pre-
impoundment and post-impoundment freshwater habitat environments has been presented
in Table 2.1 and Table 2.2.A drastic change in the geomorphology of the fluvial system
of Bhagirathi and Bhilangana was recorded due to impoundment. Structure of rapids,
runs, riffles, cascades, was converted into a deep stagnant and semi-stagnant pool of
reservoir. Upstream extreme of reservoir was having the characteristics of a hill stream at
Dharasu in Bhagirathi, and Sarans in Balganga River. Water velocity of these rivers was
drastically reduced and the hydromedian depth (HMD) was abnormally increased. The
downstream stretch of Bhagirathi ecosystem between Tehri Dam and Koteshwar Dam is
also degraded due to Tehri Dam construction.




Table 2.1. Mean seasonal variations in the physico-chemical environmental variables
in the pre-impoundment freshwater habitats of Tehri Dam area (Sharma

6D

1991)
Environmental Autumn Winter Summer Monsoon

Variables (Sep-Oct) (Nov-Feb) | (March-Jun) (Jul-Aug)
Air temperature (°C) 23.7+35 159+ 1.4 23.7+38 27.9+05
Water temperature (°C) 154+1.2 11.3+05 17.5+2.0 16.9+0.3
Water current (m sec™) 2444029 | 1.64%0.72 1.66 + 0.89 3.22+0.10
HMD (m) 1.53+0.13 | 0.65+0.19 1.02 £ 0.52 2.37+0.38
Turbidity (NTU) 12.25+8.13 | 7.13+4.15 | 84.50 +82.24 | 633.25 + 189.15
Transparency (m) 0.40+0.39 | 062015 | 0.20+0.11 0.04 +0.03
Conductivity (p S cm™) 0.14+0.03 | 0.13+0.05 0.15 + 0.04 0.05 +0.03
TDS (mg I) 2050 +2.12 | 825+3.71 | 33.25+21.75 | 87.00+2.83
Dissolved Oxygen (mgl™) | 10.24 +0.36 | 11.17+0.72 | 10.54 +0.79 9.66 +0.23
Free COz(mg I) 2.09+0.16 | 1.63+0.40 1.79 £ 0.25 2.50 +0.01
pH 750+0.04 | 7.33+0.10 | 7.56+0.10 7.79+0.06
Hardness (mg 1) 63.25+20.15| 720+7.0 | 57.25+4.62 | 37.50+354
Alkalinity (mg 1) 45.75+8.84 | 5250+2.86 | 51.63+4.48 44.00 +5.66
Chlorides (mg I*) 2.88+0.28 | 2.24+0.25 2.38+0.12 3.54 +0.22
Nitrates (mg 1) 0.46+0.04 | 0.18+0.14 0.41+0.16 0.79 + 0.04
Phosphates (mg 1) 0.09+0.12 | 0.10+0.09 0.33+0.49 0.56 + 0.30
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Table 2.2 Mean seasonal variations in the physico-chemical environmental variables
in the post-impoundment freshwater habitats of Tehri Dam Environs

Environmental Autumn Winter Summer Monsoon
Variables (Sep-Oct) (Nov-Feb) | (March-Jun) (Jul-Aug)
Air temperature (°C) 23.9+3.3 162 +1.2 237+38 28.0%0.7
Water temperature (°C) 155+ 1.1 121+1.1 17.8+2.1 17.1£0.2
Water current (m sec™) 256+0.44 | 097+041 | 253+1.05 420 +0.21
HMD (m) 1.62 +0.26 0.55+0.19 | 0.97 +0.42 2.19+0.28
Turbidity (NTU) 53.25+23.69 | 41.21 +32.52 | 96.38 + 89.15 | 663.25 + 215.31
Transparency (m) 0.13+0.01 0.14+0.08 | 0.18+0.12 0.01+0.01

Conductivity (i S cm™) 0.14 + 0.04 0.15+0.03 | 0.16+0.05 0.07 £0.02

TDS (mg I!) 37.50+354 | 25.42+279 |38.50+20.29 | 100.0 +18.38

Dissolved Oxygen (mgl™) | 9,00 +0.32 10.18 +0.52 | 8.90 +0.36 7.23+0.13

Free COz(mg I) 397+031 | 335+041 | 3.73+057 452 +0.16
pH 7.73+011 | 7.45+0.08 | 7.62+0.08 7.84+0.01
Hardness (mg I) 71.00 £16.97 | 75.25+12.42 | 61.25+7.64 | 4575+1.77
Alkalinity (mg 1) 53.75+530 | 55.17+4.18 | 56.25+5.66 | 45.50+4.24
Chlorides (mg I*) 3.24+0.30 2.66+0.49 | 3.08+0.40 4.24 +0.05
Nitrates (mg 1) 0.40 +0.32 0.27+0.09 | 051+0.08 0.85+0.08
Phosphates (mg 1) 0.20+0.08 | 0.18+0.09 | 0.54+0.61 0.84 0.11

e Water velocity (m.sec’?) was drastically reduced in the Reservoir
e HMD (m) has increased many folds in the Reservoir (0.65 m to 185 m)
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Chapter - 03
METHODOLOGY

The present study on the post-impoundment faunal survey of Tehri Dam environs was
undertaken for two annual cycles (2009-2011). Complying the implementation of the
recommendations of Hanumanta Rao Committee, an extensive seasonal faunistic survey
of the entire Tehri Dam environs was undertaken. Four major seasons Autumn
(September-October), Winter (November-February), Summer (March-June), Monsoon
(July-August) prevalent in the area were identified for the study.

3.1 SAMPLING SITES:

A total of six sampling sites (SA1-SAs) were identified for the survey of freshwater
faunal diversity in the study area for covering the every kind of freshwater habitat of the
Tehri Dam environs (Table 3.1). However, a total of eight sampling sites (ST1-STg) were
identified for collection of data related with terrestrial biodiversity (Invertebrates,
Amphibians, Reptiles, Birds and Mammals) inhabiting the terrestrial habitats including
the newly developed forest patches and Botanical Garden in the Tehri Dam environs.
The details of transect sites, their geographical locations, altitude and the type of
habitats, and vegetation cover are given in the Table 3.2

3.2 COLLECTION OF FRESHWATER FAUNA:

Freshwater faunal diversity of Tehri Dam environs is represented by zooplankton,
aquatic insects and fish. Collection and analysis of freshwater faunal diversity was made
following the methods outlined in Wetzel and Likens (1991) and APHA (1998).

For collection of zooplankton, a ring type terricot net (24 mesh/mm?) filled with
mouthed bottle (500 ml) was kept in the flowing water for an hour to enable the water

10
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to flow through it. Few drops of formalin were added to preserve the contents. The
contents were centrifuged at 1500 rpm for 10 minutes period. The sediment of the
centrifuge tube was made to concentrate and was used for enumeration of population. A
plankton chamber of 0.5 ml capacity was used for counting of plankton under the
Inverted Compound Microscope.

The freshwater insects and other freshwater benthic animal life were collected by
enclosing one square meter of river bottom with square meshed cloth. The bottom
stones, gravel, and sand were upturned to dislodge the aquatic life. Each animal was
then brush picked and preserved in 4% formalin.

For the collection of fishes, cast net of mesh size 0.5cm with heavy sinkers and scoop
net (mesh size 0.25mm) were employed. The cast net was operated 20-25 times at a time
at each sampling site, drag net were also used to enclose the sampling area. Similarly
the scoop net was also fixed in the shallow zone of the river/reservoir for an hour.
Representative fishes were collected in the field after preserving them in 10% formalin.
Experimental fishing was also undertaken in diverse habitats for assessing the fish
composition after impoundment, for comparing with the reference studies undertaken
by Sharma (1991).

For the identification of freshwater faunal components, the standard references like Day
(1889), Smith (1950), Pennack (1978), Ward and Whipple (1992), and APHA(1998),
were consulted.

Geographical locations (longitude ,latitude), altitude (m.s.l.) of the sampling sites were
determined with the help of Megellan Trail Blazer XL GPS system.The ecological status
of the faunal species was carried out according to International Union for the
Conservation of Nature and Natural Resources (IUCN Red List 2011).

3.3 COLLECTION OF BUTTERFLIES AND OTHER TERRESTRIAL
INSECTS:

The specimens of butterflies were collected with the help of insect collection
net(circumference 93cm,handle length 87cm,bag depth 77cm) by sweeping method
during day time. Adults collected were killed in a killing bottle by using liquid Ethyl
acetate carbon tetrachloride. All the specimens collected from various localities were
pinned with different sizes of entomological pins (38mmx0.40mm; 38mmx0.55mm)
and stretching in spreading board boxes (40cmx30cmx10cm).The specimens were
identified with the help of published literature.

11
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3.4 SURVEY OF AVIFAUNA:

Survey of avifauna was conducted during different seasons for two annual cycles.
Keeping in the view the comparatively large size of the study area, Stratified Random
Sampling Technique was followed for studying the birds of Post-impoundment Tehri
Dam environs, which involved the division of sites into different strata, based on
vegetation type and habitats. Birds were observed with aid of 10 x 50 super Zenith
prismatic field binoculars. Field identifications were carried out with the help of various
field guides (Ali and Ripley 1983; Grimmett et.al. 1999; Kazmierczak 2000). The data
recorded in each survey from different habitat types was kept separate and analyzed for
relative abundance on the basis of relative frequency scale of occurrence depending
upon the number of sightings, as followed by Mc Kinnon and Philips (1993) as: very
common — sighted more than 10 times; common — sighted more seven to nine times;
uncommon — sighted more three to six times; and rare — sighted once or twice.

Residential status of birds was also worked out and different status categories like
resident, summer visitor and summer influx were assigned on the basis of presence or
absence of birds in Tehri Dam environs. The bird that showed irregular trend of sighting
and population fluctuations (non-seasonal) was placed under residents with local
movement category.

3.5 COLLECTION OF AMPHIBIANS:

Collection of amphibians was made from different habitats — pools, streams, river banks,
periphery of the reservoir, under big bolulders, stones, under decaying logs, vicinity of
shaded mountain streams, open fields, cultivated paddy fields, stagnant water of
reservoir and grasslands. They were photographed and were fixed in 8% formaldehyde
solution. After fixation for two-three days, the specimen were washed in water
thoroughly and were preserved 90% alcohol.

3.6 SURVEY OF REPTILES AND MAMMALS:

Mammals were observed with the help of 10x50 Super Zeinth prismatic field binoculars.
The signs of pellets, claw marks, pug marks were also used for collecting data.
Informations were also collected by interacting with the people of the area.

Reptiles were also surveyed by visiting diverse habitats, and these were photographed.
Identification for the same was made with the help of the standard references.

*
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Table 3.1 : Sampling sites and their physical attributes for collection of data related with freshwater faunal diversity

Site Name of Transect Name of Site Altitude Longitude Latitude Bottom substrate Habitat Types
inm type
(above
m.s.l.)
SA; Balganga Valley Sarans upper 840 30°26' 49" N | 78°38 24"E | Boulder, cobbles, Rapids, pools, runs,
limit of gravels riffles
Reservoir
SA; Bhilangana Valley Pilakhi 625 30°41' 10N | 78°52' 18"E | Sand silt, pebbles Deep pools,
semi-stagnant
water
SAz Bhagirathi Valley Dharasu Bridge 830 30°61' 38'N | 78°31' 28”E | Boulders, cobbles, Runs, rapids,
Upper limit of pebbles ,gravels, sand | riffles, shallow
Reservoir pools
SA, Bhagirathi valley Dobra village 805 30044 12"N | 78°43' 18"E Deep pools,
Silt, pebbles, sand stagnant, semi-
Stagnant water
SAs Bhagirathi Valley Zero bridge 589 30012 10"N | 78°35 497E | Boulder, stones, Runs, riffles,
(Down stream to Tehri pebbles, gravel rapids
Dam)
SAs Bhagirathi Valley Koteshwar 525 30026' 05"N | 78°49738' E | Pebbles, sand, gravels | Deep pools, rapids,

(Down stream to Tehri
Dam)

riffles
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Table 3.2 : Sampling sites and their physical attributes for collection of data related with the terrestrial faunal diversity

Site No. | Name of Transect Name of site Altitude in m | Longitude Latitude Habitat types
(above m.s.l.) Vegetation

STy Balganga Valley Sarans village 858 30026’ 36" N 78°38 16" E | Scattered forest patch,
wide Balganga valley

ST, Bhilangana Valley Pilakhi 838 30024 58" N 78°38 11" E Cultivated fields, forest,
scrub at the higher
reaches

STs Bhilangana Bhagirathi Valley | Tippari 900 30022 42" N 78°33 37" E Dense forest, pine trees

ST, Bhagirathi Valley Dharasu 848 30°36' 59" N 78°18' 38" E | Wide valley with
scattered vegetation
,spring fed streams

STs Bhagirathi Valley Kamand village 845 30028 2" N 78°22' 03" E | Patch of pine trees,
good forest cover

STs Bhagirathi Valley Botanical Garden 900 30°26' 12" N 78°39' 15" E Newly created
vegetation, new
plantations

ST, Bhagirathi Valley Kyari Village 590 30030 10" N 78°48 02" E | Fair uniform vegetation

(Down stream to Tehri Dam)
STs Bhagirathi Valley Sain Village 615 30°25 03" N 78°50° 07" E | Forest patch at the

(Down stream to Koteshwar
Dam)

higher reaches
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Collection of samples near Koteshwar

Interaction with the people

Weighing of fish samples

Collection of freshwater
inveretebrates

Collection of samples from the Tehri
Dam Reservoir

Experimental fishing
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Chapter 04
FRESH WATER INVERTEBRATE DIVERSITY

Fresh water invertebrate diversity of Tehri Dam environs is represented by
zooplankton (Protozoa, Rotifera, Copepoda and Cladocera) macrozoobenthos (Aquatic
insects, Annelida and Mollusca). These faunal components are present at different
trophic levels of the freshwater ecosystem.The zooplankton and macroinvertebrates
(macrozoobenthos) represent the second trophic level in the Bhagirathi and
Bhilangana rivers( pre impoundment environs).The freshwater fluvial ecosystem of
Bhagirathi and Bhilangana provides a rich habitats in terms of rapids, riffles and runs
for benthic organisims, as stones,gravels,pebbles and boulders of various sizes offer
favourable substrata for these organisims.However, stray specimens of zooplankton
were present in the pre-impounment rapids and riffles of Tehri Dam environs, while a
rich populations of zooplankton were present in pools and side water and back waters.

A considerable work has been done on the impact of impoundments on freshwater
faunal diversity. Some of the important contributions on the faunal diversity of
freshwater of pre-impoundment habitats of Tehri Dam Environs are also available
(Sharma and Singh 1980, Sharma 1984, Sharma 1986,Sharma 1991,1995,2005).
However, for comparison, with the post impoundment study, the pre impoundment
study of Sharma (1991) was taken as reference.

ZOOPLANKTON:

Zooplanktons are the important constituent of the food chain in aquatic ecosystem.
Zooplanktons feed on the phytoplankton, bacteria, aggregates of detritus and micro-
organisms as well as other zooplankton species. Almost all freshwater fish feed on
zooplankton at some stage in their life history. Zooplankton species succession and
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tolerances to various abiotic and biotic factors.Despite the fact that the factors such as
predation and compeletion may alternately induce changes in zooplankton
communities favouring one species over another. The seasonal fluctuations of
zooplankton population are a well known phenomenon.

The zooplanktons are the important constituent of the Tehri Dam environs. The major
components of zooplankton of Tehri Dam environs are the members of Protozoa,
Rotifera, Cladocera and Copepoda. Considerable increase in the population of
zooplankton in newly formed reservoir was recorded than the zooplankton present in
pre-impoundment environment. A comparative mean seasonal qualitative distribution
and abundance of zooplankton in pre-impoundment and post-impoundment
environments have been presented Table 4.1.Seasonal variations of zooplankton have
revealed that the maximum density was recorded during winter season and minimum
during monsoon season

PROTOZOA

An in-depth study on the diversity of zooplankton of the reservoir for two- annual
cycles revealed that a total of 19 genera of Protozoa were recorded. Protozoan
constituted the major zooplankton diversity (Table 4.1). The protozoans were observed
dominantly during the months of February to May and September to January. They
abode in the side pools, having stones, pebbles of variable size, low water current,
pebbles of variable size, low water current and high transparency. Amongst
Protozoans, majority of these were Rhizopods, which crawl on stones with the help of
temporary walking organs, the pseudopodia. Only few celliates have been observed in
the Tehri Dam environs. They are either free living or attach themselves to the stones.

Abundance of Protozoans was very poor in rapids and riffles of pre-impoundment
habitats of Bhagirathi and Bhilangana, as these Protozoans cannot withstand the fast
water current.

The specific role of Protozoan plankton in the freshwater ecosystem is poorly
understood. It is considered that temperature, dissolved Oxygen and the characteristics
of the substratum influence the distribution and productivity of Protozoans. Most of
the Rhizopods need slimy substrate.Cilliate Protozoans are important in the
metabolisim of dissolved and particular organic matter of sewage treatment facilities
and organically polluted streams (Cairns 1974). Most of the common Rhizopods like
Diffugia limnetica increases in their abundance in early summer and attain maximum
density in late summer. These Rhizopods undergo encystment and on the return of
favourable conditions, they reappear.

Normally, the ciliate Protozoans do not dominate the freshwaters specially hillstreams,
because of fast current and the absence of influsoria, the food of these free living
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cilliates. As a consequence of impoundments of the Bhagirathi and Bhiangana rivers.
Some mild pollution has been caused due to submergence of organic matter and the
nearby human habitations in periphery of Reservoir which are dumping domestic
wastes and the faecal matters of domestic cattle.

A considerable increase in the density of zooplankton (50.50 + 7.78 units 1Y) in the
post-impoundment habitat of Tehri Dam environs was recorded than the density
recorded (35.0 % 4.24 units 1) in the pre impoundment environment. The Protozoans
increased from 18.50+ 0.71units It to 21.0 + 1.41 units I,

ROTIFERA

Another important component of zooplankton is Rotifera. Overall 12 genera of
Rotifera have been recorded from the diverse habitats of Tehri Dam environs. Out of
twelve genera of Rotifera, Keretella spp; Brachionus spp. and Asplanchna spp. were
common in most of the freshwater habitats .The abundance of Rotifera has been
recorded during summer season (March-June). The present study has indicated that the
temperature, food quality and quantity are dominant factors in the regulation of
rotifera population, reproduction rate and population succession. The abundance of
Rotifera in post impoundment environs increased from 5.50+ 0.71units I to 10.0 + 2.3
Units It from pre-impoundment.

CLADOCERA

Six genera of Cladocera have been reported from all the diverse habitats of Tehri Dam
environs. The most common Cladoceran was Daphnia spp. Monia spp. was also
common in the area. The populations of Cladocerans were abundant during summers
and winters. However, minimum abundance and absence of Cladocera was recorded in
monsoon season (July —August and upto September). The annual mean density of
Cladocera increased from 2.2 + 0.34Units I* to 11.50 + 3.54 Units I after
impoundment.

COPEPODA

Only three genera of Copepoda have been found to inhabit Tehri Dam environs. The
species of Cyclops were common in the diverse habitats of Tehri Dam environs.
Diaptomus spp. was also recorded in most of the sampling sites. The populations of
Copepoda increased considerably after impoundment. It may be due to warmer climate
and deposition of organic matter in the Reservoir having stagnant or semi stagnant
water.

17
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The populations of Copepoda is also interrupted by diapauses that persists from one to
several months. There are various periods of diapauses, either at egg stage or in the
copepod stages with or without encyctment upon sediments (Wierzbicks 1996)

Adult copepods frequently predominate in stagnant or semi stagnant water of the Tehri
Dam Reservoir. Adults feed heavily on rotifers and in absence of rotifers,they feed on
their own naupli during winter season.Further, the populations of Cyclops spp. and
Diaptomus spp. have inter relationships with each other , as adult Cyclops spp. prey
heavily on Naupli of this species. Hence, Cyclops spp. could not occur in abundance in
the Tehri Dam environs.

MACROZOOBENTHOS

Macrozoobenthos are the most important valued ecosystem component of the
freshwater ecosystem of Bhagirathi and Bhilangna rivers. These important biotic
components are bottom dwellers and are secondary producers. These are present at the
second trophic level. These were represented by the taxa of Stoneflies (Plecoptera),
May flies (Ephemeroptera), Dragonfiles (Odonata), Caddisflies (Trichoptera), two
winged flies (Diptera), bugs (Hemiptera) and beetles (Coleoptera) dwelling at the
bottom substrates. In addition to these aquatic insects, few members of Annelida and
Molllusca were also present under macrozobenthos.

The abundance of aquatic insects is related to the presence of organic matter, bottom
substrates and macrophytes. Cummins and Meritt(1996) divided the aquatic insects
into five braod categories on the basis of trophic mechanisims and food types mainly
shredders (Plecoptera, Trichoptera), collectors (Ephemeroptera, Trichoptera,
Hemiptera) and scrappers (Ephemeroptera, Trichoptera, Hemiptera) predators
(Odonata, Plecoptera, Trichoptera ,Hemiptera) and macrophytes piercers
(Trichoptera).

Annual mean density (ind.m?) of macrozoobenthos was significantly reduced in the
post impoundment habitats from the annual mean pre impoundment density (Sharma
1991) of macrozoobenthos (Fig. 4.2).

EPHEMEROPTERA (May flies)

Twenty genera of Ephemeroptera (May flies) were reported from the study area. The
larvae and nymphs of Ephemeroptera were common in the pre-impoundment habitats
of Bhagirathi and Bhilangana. Ephemeropterans were represented by the taxa of
Heptagenia, Leptophlebia , Caenis , Cloeon, Baetis, Centroptilum, Ephemerella,
Ecdynurus, Siphlonurida, Rhithrogenea, Hexagenia, Ephoron, Paraleptophlebia,
Isonychia, Potaminthus, Cinygmula, Cinygma, Ametropus, Chroterpes and Stenonema.
However, few taxa were missing in the modified habitat of main reservoir. Ecdynurus
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and Siphalonurus were disappeared from the post — impoundment area. However,
these were present at the extreme upper limit of the reservoir in the Bhagirathi,
Bhilangana and Balganga rivers. The density of the members of Ephemeroptera was
drastically influenced by impoundment. It reduced from 1,525 ind.m™ to 325 ind.m
after impoundment.The density /abundance of Ephemeroptera was found to be
maximum in Febraury and minimum in August during the period of observations for
two annual cycles. Seasonally , it was found to be maximum in winter (574.87 m= in
pre impoundment habitats,193.74 m™ in post impoundment habitats) and minimum
(37.5 m?in pre impoundment and 6.25 m in post impoundment habitats).

TRICHOPTERA (Caddis flies)

Trichoptera was found to be the second most abundant component among all the
benthic insects in the Tehri Dam environs. Trichoptera was represented by 11 genera.
The important genera representing Trichoptera were Hydropsyche, Rhyacophila,
Glossosoma, Hydroptila, Limnephilus, Brachycentrus, Philopotamus, Polycentrophus
and Trianoedis. However, few species of Hydropsyche and Glossosoma disappeared
from few of the sampling sites of post impoundment habitats of Tehri Dam environs.
The density of Trichoptera reduced from 350 m™ to 100 m? during the period of
observations of two annual cycles. Seasonally, it was maximum (115.62 ind.m?during
pre impoundment and 38.37 ind.m in post impoundment habitats) in winter and very
few or completely absent Trichoptera were there at few sampling sites in monsoon
season.

DIPTERA (Two-winged flies)

Diptera was represented by 5 taxa (Psychoda, Antocha, Culex, Symbiocladius,
Pentaneura, Tendipes and Tabanus) from the Tehri Dam environs. Density of Diptera
reduced from 325 ind.m to 100 ind.m in post impoundments habitats .Seasonally it
was found to be maximum (81.25 ind.m? in pre impoundments and 68.75 ind.m in
post impoundments) in winter and minimum in monsoon season.

COLEOPTERA (Beetles)

Coleoptera was represented by 11 genera(Ochihebius, Dineutus, Amphizoa, Agabinus,
Peltodytes, Gyrinus, Hydrophilus, Hydracna, Prephynus, Psephanus and Stenolophus)
in the Tehri Dam environs. A drastic change in the population of few species
(Dineutus, Amphizoa, Peltodytes) were recorded after impoundment. Density of
Coleopteran reduced from175 ind.m to 50 ind.m during the period of observations.
Seasonally, it was found to be maximum in summer and few individuals of coleoptera
were found in monsoon and autumn seasons.\
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PLECOPTERA (Stoneflies)

Plecoptera (Stoneflies) was represented by nymphs and larvae of seven genera of
Brachyptera, Acroneuria, Isoperla, Perla, Atoperta, Nemoura and Perinella in the
Tehri Dam environs. Density of Plecoptera reduced from 75 ind.m? to 25 ind. m?
after impoundment. Seasonally, it was found to be maximum in winters and it was
very few individuals or completely absent in most of the sites during monsoon and
summers.

HEMIPTERA (Bugs)

Hemiptera was represented by 6 genera (Corexa, Hesperocorixa , Ranetis, Belostoma
and Micronecta) in the Tehri Dam environs. Density of Hemiptera was found to be
maximum (100 ind. m) in April and totally absent in July- August. Seasonally, it was
found to be maximum in winter and minimum or even absent in monsoon seasons.

ODONATA (Dragon flies)

Odonata was represented by 5 genera (Hagenius , Macromia, Agrion , Argea and
Ischmura). Seasonally, it was found to be maximum in winters and minimum or
complete absent in most of the sampling sites during other seasons.

ANNELIDA

Only one genus (Glossaphonia) was commonly present in the Tehri Dam environs
representing the Annelida.

MOLLUSCA

Mollusca was mainly represented by Gastropoda. 3 genera (Lymnea , Parathelpusa,
Limax) represented the Mollusca from the Tehri Dam environs. The Mollusca reduced
drastically from 50 ind. m2to 25 ind m after impoundment.

IMPACT OF IMPOUNDMENT ON THE PROFILE OF FRESHWATER
BIODIVERSITY

An overall impact of impoundment on the profile of freshwater biodiversity on the
Tehri Dam environs has been presented in Fig 4.3. Pre-impoundment study (Sharma,
1991) was taken as reference. Periphyton, phytoplankton and zooplankton percentage
increased in the post-impoundment from pre-impoundment habitats. A substantive
depression in the population of zoobenthos was recorded from the population recorded
in the pre-impoundment study. It reduced from 51% to 30 % (Fig. 4.3).

Agquatic macrozoobenthos are extremely diverse group of animals. Macrozoobenthos
species are differently sensitive to any biotic and abiotic factors in their environment.
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They have been used as an indicator of the condition of an aquatic ecosystem. They
play a major role in herbivory and the deposition of organic nutrient, and therefore,
affect nutrient availability. They have relatively long life cycles compared to
zooplankton.

Nymphs of may flies (Ephemeroptera), larvae of caddis flies (Tricoptera), and larva of
stone flies (Pleccoptera) can survive only in the swift, cool, and well oxygenated
water. Thus, these components reduced drastically in their population in the post-
impoundment habitat of the reservoir. The structure and composition of bottom
substrata are one of the main factors controlling the composition of macro-
invertebrates. The bottom substrates in the pre impoundment rivers ranged from small
pebbles to big boulders. The post impoundment habitats were silted. Cobble habitat
without silt generally supports higher taxonomic diversity than do silted areas (Pollard
and Reed 2004, Chakraboty and Das 2005). Generally, as the size of the stone
increases, the diversity of macroinvertebrates also get increased but these bottom
dwelling organisms fail to avail shelter under very big boulders and struggle for their
survival due to availability of suitable niche. Therefore, the reduction of density and
diversity of macrozoobenthos in the post impoundment habitats may be
understandable. The habitat complexity and substrate stability seem to be the
important factors in determining the distribution of macrozoobenthos, especially
aquatic insects.

Benthic macroinvertebrates offer many advantage as biomonitors (Rosenberg and
Resh1993). Firstly, they are ubiquitous, as they are affected by environmental
perturbations in aquatic systems. Secondly, the large volume of species offers
spectrum of responses to environmental stress. Thirdly, their essentially sedentary
nature allows effective spatial analysis of pollutant or disturbance effects. Fourthly,
they have long life cycles compared to other groups, which allows detection of
temporal changes caused by perturbations. Additionally, different groups of
macrozoobenthos have different tolerance to pollution, which means they can serve as
useful indicators of water quality.

The presence of fine materials appears to be major factor correlated with the
distribution of macroinvertebrates. Mayfly, stonefly, and caddisfly larvae were most
adversely affected, because these aquatic insects usually exhibit a relatively great
sensitivity to freshwater pollution. Substantive alterations in substrate composition and
transportation of fine sediments filling the interstitial space have been noticed in the
reservoir due to impoundment. Thus, reduction in the density/abundance of mayfly,
stonefly and caddisfly and others in the post-impoundment environs of Tehri Dam is
understandable.

21

977



978 431

Table 4.1. Comparative seasonal qualitative distribution and abundance of
zooplankton in pre-impoundment and post-impoundment environments

Autumn Winter Summer Monsoon
SI.No. Taxon (Sept.-Oct) (Nov. —Feb.) | (March-Jun) | (Jul-Aug.)
Pre | Post | Pre | Post | Pre | Post | Pre | Post
PROTOZOA
1 Vorticella + + ++ ++ ++ ++ - -
2 Zoothanmniuns + + + ++ + - - -
3 Centropyxis + + ++ ++ | | + -
4 Campanella + ++ ++ ++ |+ |+ + -
5 Carchasium + + + - + - - -
6 Epistylis + + + - + - - -
7 Diffugia - + + + + + - -
8 Arcella - - + + ++ ++ - -
9 Stentor - - + + ++ | +++ - -
10 | Colpoda + - + - + - - -
11 Nebela + ++ + - + - - -
12 | Thecamoeba + - + + + - - -
13 | Seyangularia + + + + + - - -
14 | Pelomyxa + - + + + -
15 Pontigularia + ++ ++ ++ +++ | +++ + +
16 | Quadrlella + - + + + - - -
17 Amphizonella - - + + + -
18 Pyxidicula + ++ ++ ++ | | + +
19 | Plgiopyxis + - + - + - - -
ROTIFERA
1 Ascomorapha - - + ++ | |+t + -
2 Asplanchna - - - - 4+ | 4+ ¥ _
3 Brachionus + + ++ | 4+ |+ + -
4 Keratella + + + +++ | +++ + -
5 Lacane + - + + ++ ++ - }
6 Mytilina - - + + ++ ++ - _
7 Philodina - - - - ++ ++ ¥ _
8 Trichocera - - - - ++ ++ - -
9 Filinia - - - - ++ ++ - -
10 | Diplois - + + ++ + - - -
11 Paracolurella - - - - ++ | +++ + -
12 Manfredium - - + ++ ++ +++ + -
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Table 4.1 Contd.

CLADOCERA
1 Ceriodaphnia ++ + + S+ | 4+
2 Daphnia ++ + + +++ +++
3 Moina + - - ++ ++
a Pleumonaoxus ++ ++ - n +
5 Bosmina ++ + - ++ ++
6 Chydorus + + + ++ | +++
COPEPODA
1 Cyclops + + + F+ | 44+
2 Diaptomus + - ¥ +
3 Naupli + + + ++ ++
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Table 4.2. Comparative seasonal qualitative distribution and abundance of
macrobenthos in pre-impoundment and post-impoundment environment

Autumn Winter Summer Monsoon
SI.No. Taxon (Sept.-Oct) | (Nov.— Feb.) | (March-Jun) | (Jul-Aug.)
Pre |Post |Pre |Post |Pre [Post |Pre |Post
Ephemeroptera

1 Heptagenia + + ++ |+ +++ |+ + _
2 Leptophlebia + _ ++ |+ +++ | 4+ + _
3 Caenis + + ++ + +++ | +4+ + _
4 Cloeon + - + _ ++ |+ _ _
5 Bretis + + ++ + +++ | ++ + _
6 Centroptilum + + ++ | +++ | + + _
7 Ephemerella + _ _ _ + _ _ _
8 Ecdynurus + + + + ++ |+ + _
9 Siphlonurida + _ _ _ + _ _ _
10 Rhithrognea + + ++ + ++ + _ _
11 Hexagenia + + ++ + +++ | +4+ + _
12 Ephoron + _ + _ ++ + _ -
13 Paraleptophlebia | + + ++ + +++ | ++ + _
14 Isonychia + + ++ |+ +++ |+ + _
15 Potamenthos + _ _ _ + _ _ _
16 Cinygmula + _ + _ ++ |+ _ _
17 Cinygama + + ++ + +++ | ++ + +
18 Ametropus + + ++ | ++H+ |+ + _
19 Chroterpes + | + _ ++ | _ _
20 Stenonema + _ + _ ++ |+ _ _
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Table 4.2 Contd.

Tricoptera
1 Hydropsyche + +++ | ++ ++
2 Rhyacophila + ++ |+ +
3 Glossosoma + ++ + ++
4 Hydroptila _ ++ + ++
5 Limnephilus + ++ |+ +
6 Phrygema _ ++ |+ +
7 Leptocella + ++ |+ +
8 Brachycentrus _ + _ _
9 Philopotanus + ++ |+ ++
10 Polycentrophus + ++ |+ ++
11 Trianoedis _ ++ + ++

Plecoptera
1 Brachyptera _ +++ | ++ ++
2 Acroneuria _ ++ + +
3 Isoperla + +++ | ++ +
4 Perla _ HH+ |+ +
5 Atoperla + +++ | ++ +
6 Nemoura + ++ + _
7 Perinella _ ++ + +

Diptera
1 Psychota + ++ |+ +
2 Antocha B ++ |+ ¥
3 Culex larva B +++ | ++ ++
4 Symbiocladius + ++ + +
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Table 4.2 Contd.

5 Pentaneura + ++ + + +
6 Terolipes + +++ | ++ + +
7 Tabanus B FUE i e
Coleoptera
1 Ochihebius + ++ + +++ | ++
2 Dineutus + + _ ++ |+
3 Amphizoa _ ++ + +++ | ++
lecontei
4 Agabinus + ++ + +++ | ++
glabellus
5 Peltodytes + + _ ++ n
6 Gyrinus + + _ ++ n
7 Hydrophilus _ ++ |+ ++ |+
8 Hydracna + ++ + ++ +
9 Prephynus _ ++ |+ ++ |+
10 Psephanus + + _ ++ +
11 Stenolophus + + _ ++ +
Hemiptera
1 Gerois + + + 4+ | ++
2 Corexia B _ _ ++ +
3 Hesperocorixa _ + B ++ +
4 Ranatia + + + ++ |+
5 Belostoma + + + ++ +
6 Micronecta _ B _ ++ +
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Table 4.2 Contd.

Odonata
1 Hagenius + _ + ++
2 Macromia + + + ++
3 Agrion + + + ++
4 Argia _ _ _ ++
5 Ischmura + + + ++
Annelida
1 Glossiphonia + + + +
Gastropoda
1 Lymnaea _ _ + +
2 Parathelpusa + + _ _
Limax + + + +
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Pre-impoundment

Periphyton-
Phytoplankton
45%

Zoobenthos
51%

Zooplankton
4%

Post-impoundment

zoobenthos
30%

Periphyton-
phytoplankton
63%

zooplankton
7%

Fig. 4.3: Percentage Composition of Valuable ecosystem components of freshwater
biodiversity of Tehri Dam environs under pre-impoundment and post-
impoundment conditions
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Chapter - 05
FISH DIVERSITY

Fishes are among the earliest vertebrates, going back to the Devonian period — the age
of Fishes. About 30,000 species of fishes are known. Over 40% of the fish species live
in freshwaters. Inland freshwaters represented by 930 species (Talwar and Jhingran,
1991). Francis Hamilton (1822) in his pioneering work reported 269 species from the
Gangetic system. Badola and Pant (1973) reported 18 species from the Uttarakashi
District. Badola and Singh (1977) recorded 43 species from Pauri, 28 species from
Chamoli and 33 species from Tehri Garhwal districts. Tilak and Baloni (1984)
reported 11 fish species from Tehri Garhwal. Sharma (1984) reported 23 species
belonging to 11 genera and 4 families from the Bhagirathi River. Singh et. al. (1987)
have given an account of 64 fish species from Garhwal Himalayas. Singh and Sharma
(1998) reported 39 fish species from 15 genera and five families from the Alaknanda
River. Sharma (2003) reported a comprehensive account of fish diversity and their
ecological status from the protected area of Uttarakhand. A total of 86 species and 36
genera of 11 families have been reported by him from the protected area of
Uttarakhand. After the completion of stage | of Tehri Dam Project, in 2006, a large
reservoir has been created. No extensive work has been done on the fish diversity of
the Tehri Dam Project after impoundment. Therefore, there was an urgent need for
providing information on the fish diversity of the Tehri Dam Reservoir and its
environs complying the recommendations of the Hannumanta Rao Committee.

PRE- IMPOUNDMENT SCENARIO

The dams are constructed for the welfare of human beings, for irrigation, flood
control, navigation and hydropower generation. The generation of power has become
necessary for meeting the increasing demand of the country. However, the dams have
deleterious effects on the fish resources and their aquatic habitats. Dams interrupt
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stream flow and generate hydrological changes along the integrated continuum of river
ecosystems that ultimately can be reflected in their associated fisheries.

Taking a serious note of the fact that dams have significant impact on ecosystem not
only in immediate environs, but also habitats in far away area downstream, the
Government of India asked the North Regional Station of Zoological Survey of India,
Dehradun for faunal survey and analysis in the pre-impoundment area of Tehri Dam
Environs. ZSI Regional Station, Dehradun undertook five surveys of 10 days duration
between May and October 1992 and reported 10 fish species (Barilius vagra, Tor
chelynoides, Tor putitora, Crossocheilus latius, Garra gotyla, Schizothoraichthys
progastus, Schizothorax richardsonii, Noemacheilus montanus, Noemacheilus
rupecola and Glyptothorax pectinopterus). Eleven more fish species were also
reported in this report (Tilak and Baloni, 1984).These fish species were reported from
the Tehri Dam Environs and the associated freshwater ecosystems of Tehri Garhwal
district. These fish species were Barilius bendelisis, Tor tor, Labeo dero, Botia dayi,
Noemacheilus beavani, Noemacheilus botia, Clupisoma montana, Glyptothorax
alaknandi, Glyptothorax cavia, Glyptothorax Garhwali Tilak, Pseudecheneis sulcatus
and Mastacembelus armetus.

However, as a result of detailed survey of ichthiyofauna of Bhagirathi, 23 species
belonging to 11 genera and 4 families were reported by Sharma (1984).Therefore, this
fish faunal survey can be considered as reference study for assessing the impact of
Tehri Dam on fish fauna.

POST- IMPOUNDMENT SCENARIO

A total of 24 fish species belonging to 12 genera and 4 families have been reported
from Tehri Dam Environs after an in-depth survey for a period of two annual cycles.
The detailed account on the ecological status, habitat, feeding habits, breeding and
spawning grounds, pre-impoundment and post-impoundment status has been presented
in the Table 5.1

Schizothorax:

The genus Schizothorax of the the family cyprinidae encompasses three species (S.
richardsonii; S.plagiostomus; S.sinuatus) in the Tehri Dam Environs, which were
present throughout the year. The abundance of Schizothorax is possibly due to the
presence of coldwater (10°C-20°C). Hence, they are called “snow-trout”. The preferred
habitat for snow trouts is fast running coldwater specially rapids and are found at
bottom under stones and upper reaches of reservoir in Bhagirathi and Bhilangana
rivers and near the confluence of Bhilangana and Balganga. Their fry and fingerlings
swim at the surface and are found in shoals in the side shallow waters. The mouth of
the adults highly modified to suit for scrapping the periphyton attached with the
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boulders and big stones. These species feed on algae, diatoms and other plant
materials. These species were found to spawn from September to January, as during
winter season, the water temperature and the velocity of the water remains quite
favourable for the breeding of these species. They breed in shallow running or semi
stagnant water on the bank of the river among the gravel and stones.

Schizothoraichthys:

The true snow trout Schizothoraichthys progastus is found only in headwaters of Tehri
Dam Environs. It is a bottom dwelling fish and takes shelter under stones and rocks
due to its pointed snout. This species is omnivores and feeds on insect’s nymphs and
larvae and green matter. It breeds during September to January in semi stagnant side
waters. The species in the pre-impoundment environment was common. Now, it is
found occasionally in the post-impounded environs.

Tor:

Two species of Tor (Tor tor; Tor putitora) were common in the pre -impoundment
habitats of Bhagirathi and Bhilangana. These are the biggest fishes of the Himalayan
rivers and are commonly known as Mahseer. The preferred habitat for Mahseer’s is
deep pools. These are also abundant in runs, riffles and rapids. These are omnivorous
column feeders. These species are migratory and were common during March to
September in the pre-impoundment habitats of Bhagirathi and Bhilangana. These
species spawn from April to July, when the water of the fluvial system becomes turbid
due to the melting of snow. The Mahseer moves from deep water to upstream region
for the purpose of breeding in the backwaters and side waters. The fry and fingerlings
Mahseer are planktivorous and surface feeders.

Labeo:

Only one species Labeo dero was common in the pre impoundment habitats (deep
pools, runs and riffles) during the months of March to June for breeding purposes.
This species is migratory in nature. After spawning, they migrate downwards to the
Ganga fluvial system. They are bottom feeders. The species is herbivores and
detritophagic and feeds on vegetables matter.

Garra:

Garra gotyla and G.lamta are the two species of Garra in the Tehri Dam environs.
These species are strictly bottom living and remain concealed under stones and rocks.
The body colour resembles with their background. These species are herbivores,
detritophagic.The mouth is well adapted to live in runs, riffles and deep water of the
fast current of water. These were common in the fluvial systems of Bhagirathi and

30



83

Bhilagana during summer season. After impoundment, the presence of these species
has become rare.

Crossocheilus:

Crossocheilus latius latius was quite common in snowfed rivers and streams during
summer season .Their preferred habitats are deep pools, runs, riffles. These species
migrate from the Ganga river to upwards in snowfed rivers during early summer. They
are strictly bottom dwellers. The species is herbivores and feed on green algae. The
species is migratory. After impoundment, this species has become rare.

Barilius:

Four species of Barilius (B.bendelisis; B.barna; B.barila; B.vagra) were present
through out the year in pre impoundment tributaries of fluvial system of Bhagirathi
and Bhilagana. They were present in shallow pockets of the marginal water. They live
in shoals and swims actively on surface water. These species are omnivores and feed
on nymphs and larvae of insects, and algae. They breed during April to June. They lay
eggs in shallow pockets of water under stones . These species were found absent or rare
in the reservoir area. However, these are present in the spring fed streams of the
peripheral mouth habitats of the post impoundment environment.

Noemacheilus:

Four species of Noemacheilus (N.rupecola; N.beavani; N.zonatus; N.multifasciatus)
are commonly called “Gadiyal” by local people, as these are common in streams and
rivulets. They were very common in small snowfed streams. These species are well
adapted for fast current. These species are omnivorous and feed on insect larvae and
nymphs which are found in abundance in hill streams all round the year. These species
spawn from July to August in small streams and rivulets. These species were not
present in the main reservoir.

Glyptothorax:

Three species of Glyptothorax (G. madraspatnum, G.pectinopterus, G.cavia) were
present in the Tehri Dam environs. Preferred habitats for these species are rapids of
fast current of water. These species are very well adapted to live in swift current of
water in snowfed rivers. These species were very common in rainy season in the pre-
impoundment habitats of fast current. They prefer to hide under stones and rocks.
Adhesive apparatus are well adapted in these species. The species are carnivorous and
feed mainly on insects larvae and nymphs. These species breed form April to August.
The presence of these species has reduced considerably in Tehri Dam environs after
impoundments.
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Pseudecheneis:

Pseudecheneis sulcatus was very common in monsoon season in the pre-impoundment
habitats. It is a bottom dweller and remains hidden under stones and rocks. This
species is carnivorous and feeds mainly on larvae and nymphs of insects.The fish
spawns from April to August. The exact spawning ground can’nt be located in the post
impoundment habitats. The presence of the species in the post impoundment environs
were rare.

Other Species:

One species ,Clupisoma garua ,locally known as “Bare” was also reported for the first
time from Bhagirathi in pre- impoundment habitats(Sharma 1984).0nly one specimen
was recorded.it may be possible that Tehri was be the upstream limit for this migratory
fish species. Thus, it was not recorded during the present study.

IMPACT OF IMPOUNDMENT:

The most obvious effects from constructing dams on rivers result from formation of
new lentic or semi- lentic environments upstream from the dam and tail water
environments downstream from the dam in addition to severed adverse impacts on
river morphology, physico-chemical degradation of lotic environment and depression
of the aquatic biotic components during the dam construction phase. Degradation of
the aquatic environment ultimately affects the fish communities in many ways.

The effect of Tehri Dam on Bhagirathi and Bhilangna rivers is more pronounced and
has affected the abundance and distribution of fish species in the river by obstructing
their longitudinal migration. Construction of dam has considerably reduced surface
area of fish habitats to downstream in addition to large destruction of feeding and
spawning grounds of fish dwelling Bhagirathi and Bhilangna. As a consequence of the
impoundment, the lotic environment of Bhagirathi and Bhilangna has been converted
into a large reservoir. Riparian vegetation has been completely submerged upstream
after impoundment. The feeding and spawning grounds have been inundated and the
migration routes of the fish have been blocked.

For the analysis of the impact of Tehri Dam on fish diversity of the Bhagirathi River,
fish species richness and number of species in each community were taken into
account. The earlier study on fish diversity made by Sharma (1984) was also taken in
account for comparison of distribution of fish in time and space. A total of 23 species
were reported form the Bhagirathi River(Sharma 1984).However, Only 19 fish species
belonging to 9 genera and 3 families were found in upstream habitats of Tehri Dam
environs after impoundments and 12 fish species belonging to 7 genera and 3 families
were recorded at the downstream environs of the Tehri Dam. Under the post-
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impoundment scenario the entire Tehri Dam Environs can be divided into four main
longitudinal zones: Zone A(close to Sarans as reference site);Zone B (Reservoir);Zone
C ( High Impacted site); just below the dam between Tehri Dam and Koteshwar Dam
and Zone D (Downstream/tail race zone between Koteshwar and Devprayag).The data
related with the presence of number of species have been presented in Table
5.2.Maximum number (17) of fish species were found in the Zone-D. It may be due to
presence of natural habitat as well as connectivity of this zone with the Alaknanda
River. Reduction in the diversity in upstream Tehri Dam environs may be due to the
fact that longitudinal migration of fishes has been obstructed by the construction of the
Tehri Dam.

Experimental fishing in the post-impoundment habitats in different seasons was also
undertaken to assess the impact of impoundment on the fish composition. The
comparison was made with the reference study undertaken in the pre-impoundment
habitats (Sharma, 1991). Initially, there was an adverse impact of Tehri Dam
construction on the fish density and its production. The adverse impact reached
maximum, when the longitudinal migration of fish was blocked due to conversion of
fluvial system into a reservoir in 2006. However, the freshwater habitat was
extensively expanded in terms of creation of a reservoir and the fish seeds of Mahseer
(Tor spp.) and Common Carp (Cyprinus carpio) were also introduced in the upper
reaches of the reservoir. During the period of 2006-2011, it has recovered considerably
and in few cases, it has increased in the percentage composition (Fig5.1).

The Schizothorax spp. has increased from 57.9% to 58.1%. However, the
Schizothoraichthys progastus has increased from 6.3% to 8.5% to the total fish
composition. Mahseer production has also shown an increase from 9.1% to 12.8%.
Newly introduced Cyprinus carpio contribution has reached to 3.5%, which was not
available in the pre-impoundment scenario. This may be due to the fact that
dimensions of the freshwater habitat has increased manifolds and the fish seeds have
been introduced into the reservoir.

A considerable reduction in contribution of Garra spp., Crossochelius spp., Barillius
spp., Noemachelius spp. Glyptothorax and Pseudechenesis spp. to the total fish
composision has been recorded. As, these fishes used to thrive well in hillstreams of
swift and shallow water.
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TABLE 5.1: Fish diversity, their ecological status, preferred habitats, feeding habitats, breeding and spawning ground and status of
presence in pre-impoundment and post-impoundment environs

S.No | Zoological Local Ecological | Preferred Habitat Feeding Habits Breeding and Pre- Post-
Name Name Status Spawning grounds impoundment | impoundment
status status
Family : CYPRINIDAE
1. | Schizothorax Maseen Prefers cold water, | Herbivorous: feeds | Breeding period Common Common in
richardsonii VU torrential water of | on green matter, from September upper
(Gray) streams, rivers, periphyton, bottom | January, breeds on reaches
riffle, runs and dweller gravelled surface
rapids
2. | S.plagiostomus | Maseen | NE Prefers fast running | Herbivorous: Breeds during Common Rare
(Heckel) water(rapids), feeds on green September to
bottom dwellers matter and January in shallow
periphyton, running and semi
stagnant water of
25-30cm depth
3. | S.sinuatus Maseen | LRnt Prefers torrential Herbivorous:feeds | Breeds during Common Common in
(Heckel) water current on green matter September to upper
(rapids),dwells at and periphyton January and reaches
the bottom under spawns on the
stones and rocks gravelled surface of
sediments
4. | Schizothoraict | Chengu | LRnt Prefers headwater | Omnivorus : feeds | Breeds during common Occasional

hys progastus
(McClelland)

zone of the
coldwater streams

on insects larve
and green matter
,green algae

September to
January and spawns
in the semi-stagnant
water on gravelled
surface
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5. | Tortor Dansulu | EN Adult prefers deep | Adults are Spawns from April | Rare Rare
(Hamilton) water pools with omnivorous: feeds | to June, turbid
rocky bottom, on green matter, water due to
Juveniles: side and | insects and their melting of snow,
semi-stagnant water | larvae, migratory fish
zoobenthos,
column dweller.
Juveniles are
planktivorous
6. | Tor putitora Dansulu | EN Adult: prefers deep | Omnivorous: Spawns from April | Common Common,
(Hamilton) water pools with Green to June in turbid population
rocky bottom, matter,Insects & water due to fragmented
Juveniles prefer their larvae melting of snow,
side, semi stagnant | column feeder , migratory fish
water Juveniles :
Planktivorous ,
surface feeders.
7. | Labeo dero Dansulu | VU Prefers deep pools, | Herbivorous, Mid | Spawns from Common Rare
(Hamilton) rapids, torrential bottom feeder March to June,
water current prefers shallow
water migratory
fish
8. | Crossocheilus | Sunhara | DD Prefers runs, riffles | Herbivorous , Breeds from April | Common Rare
latius with abundant bottom feeder to September ,
(Hamilton) green matter migratory fish
9. | Garragotyla Gondal | VU Prefers deep water | Herbivorous Breeds from April | Common Rare
gotyla(Gray) pools with runs, bottom feeder to September ,
riffles with migratory fish
abundant green
matter
10. | Garra lamta Gondal | NE Prefers side water Herbivorous Breeds from April | Rare Absent
(Hamilton) with abundant bottom feeder to September,
green matter migratory fish
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11. | Barilius Fulra LRnt Prefers small spring | Omnivorous : Breeds from April | Common Common
bendelisis fed streams, feeds on nymphs, | to June side
(Hamilton) common in side larvae and algae stagnant water
water Surface feeders
12. | B.barna Fulra LRnt Prefers small spring | Omnivorous : Shallow pockets of | Common Common
(Hamilton) fed streams, feeds on nymphs, | water under stones
common in side larvae and algae, | and macrophytes
waters surface feeders
13. | B.vagra Fulra VU Prefers small spring | Omnivorous : Shallow pockets of | Rare Rare
(Hamilton) fed streams, feeds on nymphs, | water under stones
common in side larvae and algae, | and macrophytes
waters Surface feeders
14. | B.barila Fulra VU Prefers small spring | Omnivorous : Shallow pockets of | Rare Rare
(Hamilton) fed streams, feeds on nymphs, | water under stones
common in side larvae and algae, and macrophytes
water Surface feeders
15. | Cyprinus Commo | NE Deep water pools - Cultured Absent Introduced in
carpio n carp and stagnant water Reservoir
cummunis
(Linnaeus)
Family : BALITORIDAE
Noemacheilus Gadiyal | LRnt Prefers to stay in Omnivorous Breeds in July- Common Common
16. | rupecola rivulets and streams mainly feeds on | August , spawns in
(Hamilton) (bottom gravels under | nymphs and small streams
stones) larvae of insects,
algae and
diatoms, bottom
dwellers
17. | N.beavani Gadiyal | DD Prefers to stay in Omnivorous : Breeds in July- Rare Very Rare
( Gunther) spring fed rivulets and | mainly feeds on | August spawns in
small streams nymphs and small streams
larvae of insects,
algae and
diatoms, Bottom
dweller
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18. | N. zonatus Gadiyal | NE Prefers to stay in Omnivorous : Breeds in July- Rare Rare
(McClelland) spring fed rivulets and | mainly feeds on | August ,spawns in
small streams nymphs and small streams
larvae of insects,
algae and
diatoms, bottom
dwellers
19. | N.multifasciatus | Gadiyal | EN Prefers to stay in Omnivorous : Breeds in July- Rare Rare
(Day) spring fed rivulets and | mainly feeds on | August spawns in
small streams nymphs and small streams
larvae of insects,
algae and
diatoms,
bottom dwellers
Family: SISORIDAE
Glyptothorax Nau Vu Gets refuge under Insectivorous Breeds from April | Common Common
20. | madraspatmum stones and rocks, and feeds mainly | to August and
(Day) common in mansoon | on insects and spawns in
nymphs and gravelled bottom
larvae
21 | G.pectinopterus | Nau LRnt Gets refuge under Insectivorous Breeds from April | Common Common
(McClelland) stones and rocks, and feeds mainly | to August and
common in mansoon | on insects and spawns in
nymphs and gravelled bottom
larvae
22. | G.cavia Sipliya EN Gets refuge under Insectivorous Breeds from April | Rare Rare
(Hamilton) stones and rocks, and feeds mainly | to August and
common in mansoon | on insects and spawns in
nymphs and gravelled bottom
larvae
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23 | Pseudecheneis | Mungrea | Vu Bottom dwellers, Insectivorous / Breeds from April | Common Rare
sulctus hidden under stones | carnivorous and | to August in
(Hamilton) feeds only on gravelled bottom
insects and their
nymphs and
adults
Family: SCHILBEIDAE
24. | Clupisoma Bare Vu Deep water pools and | Column feeder, | Migratory and Rare Very Rare

garua (Hora)

flooded water

omnivorous

breeds during
monsoon season
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Table 5.2. Distribution of fish species in different zones of Tehri Dam Environs

Zone Zone Zone Zone
S.No. Fish species A B . c D
(Reference (Reservoir) | (Impacted (Downstream/
Site) Zone) tailrace zone *)
Family: Cyprinidae
1. | Schizothorax richardsonii (Gray) + + + +
2. | S. plagiostomus (Heckel) - - - -
3. | S.sinuatus (Heckel) + + - +
4 Schizothoraichthys progastus ) ) N .
' (McClelland)
5. | Tor tor (Hamilton) - - + +
6. | T.putitora (Hamilton) - - + +
7. | Labeo dero (Hamilton) - - + +
8. | Crossocheilus latius (Hamilton) + - - -
9. | Garra gotyla gotyla (Gray) + + - +
10. | G. lamta (Hamilton) + - - -
11. | Barilius bendelisis (Hamilton) + - + +
12. | B. vagra (Hamilton) + - + +
13. | B. barila (Hamilton) + - - +
14. | B. barna (Hamilton) + - - +
15, ;:Lyipr)‘:;:jsg:arpio cummnis i . i i
Family: Balitoridae
16. | N. rupicola (McClelland) + - + +
17. | N. zonatus (McClelland) + - + +
18. | N. beavani (Gunther) + - - +
19. | N. multifasciatus (Day) + - + +
Family: Sisoridae
20 EBI\IA);%(I);TIZLZ); pectinopterus N . i .
21. | G. madraspatnam (Day) - - - -
22. | G. cavia (Hamilton) + - - -
23, Pseudechenies sulcatus N ) ) .
(McClelland)
Family: Schilbidae
24. | Clupisoma garua (Hora) - - - -

: Zone D is between Koteshwar Dam and Deoprayag
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Pre-impoundment
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Fig.5.1 : Impact of impoundment on percentage fish composition
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Chapter- 06
RHOPALOCERA (LEPIDOPTERA) DIVERSITY

Lepidoptera, one of the highly specialized orders of class Insecta, includes scale-
winged insects of the holometabolous endopterygote series. This includes butterflies
and moths that show total metamorphosis and pass through egg, larva, pupa and adult
stages. All these stages have characteristic features in structures, habit and habitat so
as to readily differentiate butterflies and moths. Lepidoptera, particularly Rhopalocera,
or the butterflies is a large and well known with compoliton in distribution. Hamlyn
(1969) reported about 1,40,000 species comprising 13,000 butterflies and 1,27,000
moths from the world. Recent estimate of diversity within Lepidoptera from the Indian
subregion reveals that the group comprises over 15,000 species distributed over 84
families.

Major contribution on butterflies of Garhwal Himalaya was made by Arora and
Mandal (1977), Arora et.al.(1995) provided an account on the butterflies of Western
Himalayas.

Since the creation of the Tehri Dam Reservoir has submerged a vast area of the
terrestrial ecosystem, and created a new habitat in the form of Botanical Gardern and
other new plantations, the survey of butterflies in the post impoundment Tehri Dam
environs is very important for protection of this vulnerable element of life.

Butterflies play an important role in the food web of the terrestrial ecosystem. The
larval stages of butterflies feed on plant-food, mainly foliage and tender shoots. The
butterflies are mainly diurnal in habit (mainly fly during day time). Majority of the
insectivorous birds feeds on insects and their larvae. However, the animal like lizards,
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frogs and toads feed on these butterflies. Thus, butterflies play an important link in the
ecological balance of the ecosystem. The butterflies also act as pollinating agents.

PRE-IMPOUNDMENT SCENARIO:

Zoological Survey of India (North Regional Station) reported 81 species of butterflies
in the pre-impoundment area. 18 species were reported from the area, upto
submergence level, 22 species were reported from the area above submergence levels.
A total of 41 species of butterflies common in both the areas, were reported.A total of
81 species belonging to 56 genera and 9 families of butterflies were reported from the
pre-impoundment Tehri Dam environs (Table 6.1).

POST-IMPOUNDMENT SCENARIO:

However, an extensive survey of Tehri Dam environs in different seasons for two
annual cycles, almost the same number of species of butterflies (80 species) belonging
to 51 genera and 9 families of butterflies were collected (Table 6.2). However, 13
species (Apora agathan caphusa; Aglais cashonirensis\assis; Vagrans sinha; Tarucus
extricatus; Enchrysops pandav; Catochrysops strabo; Spindasis vulcanus; Spindasis
lohita himalayanus; Badamia exclamationis; Odontoptilium anguleta; Parnara
guttatus; Barbo cinnara; and Potanthus pseudomooss) could not be spotted in the
Tehri Dam environs of post impoundment. Most of these species were also not
recorded from Tehri Garhwal district of Garhwal Himalayas (Arora et.al. 1995).

A total of 12 new species (Delias sanaca sanaca; Pieris brassicae nepalensis; Valeria
valeria hippia; Mycalesis francisca sanatana; Neptis mahendra; Vanesa cashmirensis
aesis; Cyrestis thyodamas; Kaniska canace himalaya; Symbrenthia hippochus;
Zemeros flegyas; Lycaena pavana; and Albulina galathea) were reported from the
post impoundment Tehri Dam environs.

The reason for this may be that the pre impoundment survey was undertaken for a very
short period of time (May-October) in 1992. Since most of the species of the
butterflies are quite common, depending upon the food being widely distributed, and
new habitats (Botanical Garden, New Plantations) have been created, water resources
are abundantly available; no adverse impact of post impoundment has been noticed.
Even, the population of butterflies has increased considerably.

Post impoundment survey revealed that these species of butterflies are represented by
nine families (Papilionidae; Pieridae; Danidae; Acraeidae; Satyridae; Nymphalidae;
Erycinidae; Lycaenidae; and Hesperidae). No species of the family Amathusiidae was
spotted from the Tehri Dam environs.
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A brief characteristic of species of each family reported from the Tehri Dam environs
are given below:

PAPILIONIDAE:

Most of the species of Papilionidae visit and feed on flowers. Some of the species sit
on damp ground near water bodies and other species love basking in the sun. The
flights of the species of this family are variable, rapid and sudden, if disturbed. They
are predominantly black or dark brown in colour, which have been reported from the
Tehri Dam environs. A total of eight species have been reported under the present
study.

PIERIDAE:

A total of 14 species of the butterflies have been spotted from Tehri Dam environs
under the present survey for two annual cycles. Most of the species prefer open places.
Male butterflies prefer sun-shine, while the females love shaded areas. They prefer to
sit on damp ground near reservoir, river and rivulets. Flights are usually very slow and
sluggish. Few fast flying species settling on flowers were also reported from the study
area.

DANAIDAE:

Most of the species of Danaidae family visit flowers or settle on damp ground
including the ground damped with urine (Arora et.al. 1995). They also have the habit
of settling on flowers, over-ripe fruits or congregate on herbs or shrubs. Flights of
these species are usually very slow. A total of six species of this family has been
recorded.

ACRAEIDAE:

Only one species of this family has been spotted from the Tehri Dam environs. This
species is fond of settling on flowers and leaves. These species exudes foul smelling,
repellant to birds and other predators. This species is of tawny yellow in colour.

SATYRIDAE:

A total of 11 species of butterflies of the family Satyridae has been reported from the
Tehri Dam environs. These species are predominantly brown in colour. These are
weak fliers, with slow, jerky or bouncing movements. They prefer to settle on the litter
of dead and fallen leaves. Some of the species prefer open meadows/grasslands. They
are also attracted to over-ripe fruits.

ERYCINIDAE:
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A total of four species of butterflies of this family has been reported from the Tehri
Dam environs. These species visit the areas close to streams, rivers, Reservoir and
riparian vegetations. Flights of these species are very fast and do not like to settle on
the flowers.

NYMPHALIDAE:

It is the most dominating family of the post-impoundment Tehri Dam Environs. Most
of the species visit flowers, bask in the Sun-shine. Flights are very swift. They are also
attracted to over-ripe fruits, dung and rotten fruits. These species are the most beautiful
amongst butterflies. A maximum number (28 species) of species of this family has
been reported from the Tehri Dam environs.

LYCAENIDAE:

These are predominantly blue in colour; however, other colours like brown, yellow,
metallic green and white are also not uncommon. Most of the species are found of
visiting flowers and are very delicate and slow fliers. They are fond almost
everywhere namely open grasslands, shrubs, along road and cleared vegetation. Five
species of butterflies of this family have been spotted in post impoundment habitats.

HESPERIDAE:

Predominantly, the species are dark brown with orange, yellow markings or metallic
tinge. These are abundantly available in forest patches. Majority of these species are
attracted to flowers and feed on them. Only one species was commonly spotted from
the post impoundment area. However, other five species reported in pre impoundment
report could not be spotted. Arora et.al. (1995) also could not spot all these five
species from the Tehri Garhwal District.

Post-impoundment survey revealed that all the species of butterflies are common to
very common in the entire area. A large number of terrestrial habitats have been
submerged due to impoundment. New plantations, development of forest patches and
development of Botanical Garden have compensated to the lost habitats. Since, the
species of butterflies are quiet common, depending upon the food being widely
distributed; the faunal diversity of butterflies is not affected by the Tehri Dam.
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Table 6.1 Composition and diversity of butterflies in the pre- impoundment and post -

impoundment

Tehri Dam Environs

No. of Genera

No. of species

S.No.| Family Pre- Post- Pre- Post-
Impoundment | impoundment | impoundment | impoundment
1. Papilionidae 03 03 08 08
2. Pieridae 08 09 12 14
3. Danaidae 04 04 06 06
4. Acraeidae 01 01 01 01
5. Satyridae 06 06 10 11
6. Nymphalidae 17 19 28 30
7. Erycinidae 03 03 03 04
8. Lycaenidae 08 05 07 05
9. Hesperidae 06 01 06 01
TOTAL 56 51 81 80

44
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Table 6.2 : Diversity of butterflies and their status of presence in pre-impoundment and post-impoundment

Tehri Dam environs

S.No

Zoological Name

Habit and Habitat

Status of Presence

Pre-impoundment | Post-impoundment

Family : PAPILIONIDAE

1. Chilasa clytia clytia Settles on flowers, damp ground and near water | Common Common
(Linnaeus) bodies, Basking in the Sun, flights are rapid and
sudden
2. Graphium cloanthus Settles on flowers, damp ground and near water | Near Rare Near Rare
(Westwood) bodies, Basking in the Sun, flights are rapid and
sudden
3. G.sarpendon Settles on flowers, damp ground and new water | Common Common
(Linnaeus) bodies, Basking in the Sun, flights are rapid and
sudden
4. Papilio ploytes romulus | Fond of visiting flowers, Basking in Sun-shine, flights | Very Common Very Common
(Crammer) are variable
5. P. protenor protenor Fond of visiting flowers, Basking in Sun-shine, flights | Near Rare Near Rare
(Crammer) are variable
6. P.polyctor polyctor Fond of visiting flowers, Basking in Sun-shine, flights | Common Common
(Boisdural) are variable
7. P.demoleus (Linnaeus) Fond of visiting flowers, Basking in Sun-shine, flights | Very Common Very Common
are variable
8. P.machaon penjabensio | Fond of visiting flowers, Basking in Sun-shine, flights | Near Rare Near Rare
(Eimer) are variable
Family : PIERIDAE
9. Apora agathon caphusa | Prefers open places, males basks in sunshine, females | Reported Not spotted

(Moore)

love shaded area, settles on damp ground, flights are
slow and sluggish
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10. | Delias eucharis (Drury) | Prefers high altitude open places Common Common

11. | Asanaca sanaca Prefers high altitude open places Common Common
(Moore)

12. | Artogeia canedia indica | Prefers open places, basks in sunshine, settles on damp | Vey Common Very Common
(Evans) ground

13. | Pontia daplidice moorei | Prefers open places, basks in sunshine, settles on damp | Common Common
(Rober) ground

14. | Catopsilia crocale Prefers open places, basks in sunshine, settles on damp | Vey Common Very Common
(Cramer) ground

15. | C.pyrantha (Linnaeus) Prefers open places, basks in sunshine, settles on damp | Vey Common Very Common

ground

16. | Gonepteryx rahmani Prefers open places, basks in sunshine, settles on damp | Common Common
neplensis (Doubleday) ground

17. | Eurena lecta lecta Settles on damp ground and male basks in sunshine Vey Common Very Common
(Boisd)

18. | E.hecabe fimbriata Settles on damp ground and male basks in sunshine Common Common
(Wallace)

19. | E.brigitta rubella Prefers high altitude open places Vey Common Very Common
(Wallace)

20. | Colias elcecto fieldi Prefers open spaces ,settles on damp ground Common Common
(Menetries)

21. | C.erate erate (Esper) Prefers open spaces ,settles on damp ground Common Common

22. | Pieris brassicae Prefers open spaces ,settles on damp ground Not reported Common
nepalensis (Doubleday)

23. | Valeria valenria hippa | Prefers open spaces ,settles on damp ground Not reported Near Rare

(Fabr.)
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Family : DANAIDAE

24. | Danaus chrysippus Settles on damp ground, overripe fruits; flights are | Vey Common Very Common
(Linnaeus) slow and sluggish

25. | D.genutia (Cramer) Settles on damp ground, overripe fruits; flights are | Vey Common Very Common

slow and sluggish

26. | Tirumala limniace Settles on damp ground, overripe fruits; flights are | Vey Common Very Common
leopardus (Butler) slow and sluggish

27. | T. hamata septentrionis | Settles on damp ground, overripe fruits; flights are | Vey Common Very Common
(Butler) slow and sluggish

28. | Parantica aglea Settles on flowers and congregate on herbs Vey Common Very Common
melanoides (Moore)

29. | Euploea core (Cramer) | Settles on flowers and congregate on herbs Vey Common Very Common

Family : ACRAEIDAE

30. | Acrace issoria anomala | Settles on flowers and leaves; exudes foul smelling oily | Near Rare Near Rare
Kollar fluid

Family : SATYRIDAE

31. | Mycalesis lepcha lepcha | Prefers to settle on dead leaves, littler, weak flier Near Rare Near Rare
(Moore)

32. | M.francisca sanatana Prefers to settle on dead leaves, littler, weak fliers Not reported Common
(Moore)

33. | Lethe rohria rohria Prefers to settle on dead leaves, littler, weak fliers Common Common
(Fabr)

34. | Parage schakra (Kollar) | Prefers open grasslands, visits flowers, weak fliers Common Common

35. | Callerebia scanda Prefers open grasslands, visits flowers, weak fliers Near Rare Near Rare
scanda (Kollar)

36. | Ypthima asterope Prefers open grasslands, visits flowers, weak fliers Near Rare Near Rare

mahratta (Moore)
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37. | Ypthima sakra nikea Prefers open grasslands, visits flowers, weak fliers Common Common
(Moore)
38. | Y.ceylonica kasmira Prefers open grasslands, visits flowers, weak fliers Common Common
(Moore)
39. | Y. nareda nareda Prefers open grasslands, visits flowers, weak fliers Near Rare Near Rare
(Kollar)
40. | Y.baldus baldus Prefers open grasslands, visits flowers, water fliers Vey Common Very Common
(Fabr)
41. | Melanitis leda ismere Prefers open grasslands, visits flowers, water fliers Common Common
(Cramer)
Family : NYMPHALIDAE
42. | Athyma asura (Moore) | Mostly visit flowers, fond of basking in sun-shine,swift | Rare Rare
fliers
43. | A.opalina (Kollar) Mostly visit flowers, fond of basking in sun-shine,swift | Common Common
fliers
44. | A.perius (Linnaeus) Mostly visit flowers, fond of basking in sun-shine,swift | Vey Common Very Common
fliers
45. | Neptis hylas astola Also settles on flower and attracted to overripe fruits Vey Common Very Common
(Moore)
46. | N.mahendra (Moore) Also settles on flower and attracted to overripe fruits
47. | N.yerburyz (Butler) Also settles on flower and attracted to overripe fruits Near Rare Near Rare
48. | Hypolimnas bolina Also settles on flower and attracted to overripe fruits Common Common
(Linn.)
49. | H.misippus (Linn.) Visits flowers and overripe fruits, swift fliers Common Common
50. | Pseudergolis wedah Visits flowers and overripe fruits, swift fliers Near Rare Near Rare
(Kollar)
51. | Kallima inachus Visits flowers and overripe fruits, swift fliers Near Rare Near Rare
(Boisdvral)
52. | Precis hierta (Fabr.) Visits flowers and overripe fruits, swift fliers Vey Common Very Common
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53. | P.orithya swinhoei Visits flowers and overripe fruits, swift fliers Vey Common Very Common
(Buttler)

54. | P. lemonias persicaria | Visits flowers and overripe fruits, swift fliers Vey Common Very Common
(Furhstorfer)

55. | P.almana (Linn.) Visits flowers and overripe fruits, swift fliers Vey Common Very Common

56. | P.iphita siccata (Stichel) | Visits flowers and overripe fruits, swift fliers Vey Common Very Common

57. | Cynthia cardui (Linn.) Visits flowers and overripe fruits swift fliers Vey Common Very Common

58. | Vanessa indica (Herbst) | Visits flowers, overripe fruits, swift fliers Near Rare Near Rare

59. | V.cashmirensis aesis Visits flowers and overripe fruits, swift fliers Not reported Near Rare
(Frushtorfer)

60. | Argyreus hyperbius Visits flowers and overripe fruits, swift fliers Near Rare Near Rare
(Linn.)

61. | Cyrestis thyodamas Visits flowers and overripe fruits, swift fliers Not reported Common
(Boisduval)

62. | Kanishka canace Visits flowers and overripe fruits, swift fliers Not reported Common
himalaya (Evans)

63. | Childrena childreni Visits flowers and overripe fruits, swift fliers Near Rare Near Rare
sakontala (Kollar)

64. | Issoria lathonia issoea | Visits flowers and overripe fruits, swift fliers Common Common
(Doubleday)

65. | Phalanta phalantha Visits flowers and overripe fruits, swift fliers Common Common
(Drury)

66. | Symbrenthia hippoclus | Visits flowers and overripe fruits, swift fliers Vey Common Very Common
(de.N)

67. | Ariadne merione Visits flowers and overripe fruits, swift fliers Near Rare Near Rare
tapsestrina (Moore)

68. | Cupha erymanthis lotis | Visits flowers and overripe fruits, swift fliers Common Common
(Sulzer)

69. | Diagora persimilis zella | Visits flowers and overripe fruits, swift fliers Rare Rare

(Butler)
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70. | Aglais cashminensis Visits flowers and overripe fruits, swift fliers Very Common Not spotted
assis (Fruh.)
71. | Vagrans sinha Visits flowers and overripe fruits swift fliers Common Not spotted
(Cramer)
Family : ERYCINIDAE
72. | Libytheca myrrha Prefers shady hilly forests, visits areas close to | Common Common
(Godart) reservoir
73. | L.lepita (Moore) Prefers shady hilly forests, visits areas close to | Common Common
reservoir
74. | Dodona durga (Kollar) | Prefers shady hilly forests, visits areas close to | Common Common
reservoir
75. | Zemeros flegyas Prefers shady hilly forests, visits areas close to | Not reported Near Rare
(Cramer) reservoir
Family : LYCAENIDAE
76. | Zizeeria maha (Kollar) | Found mostly ever where,open grasslands shrubs, | Common Common
along the roads, slow fliers
77. | Heliophorus sena Found mostly ever where,open grasslands shrubs, | Common Common
(Kollar) along the roads, slow fliers
78. | Celastrina huegelli Found mostly ever where,open grasslands shrubs, | Common Common
(Moore) along the roads, slow fliers
79. | Lycaena pavana Found mostly ever where,open grasslands shrubs, | Not reported Near Rare
(Kollar) along the roads, slow fliers
80. | Tarucus extricatus Found mostly ever where,open grasslands shrubs, | Near Rare Not spotted
(Buttler) along the roads, slow fliers
81. | Euchrysops pandava Found mostly ever where,open grasslands shrubs, | Common Common
(Horsfield) along the roads, slow fliers
82. | Albulina galathea Found mostly ever where,open grasslands shrubs, | Not reported Near Rare
(Balcharel) along the roads, slow fliers
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83. | Catochrysops strabo Found mostly ever where,open grasslands shrubs, | Common Not spotted
(Fabr.) along the roads, slow fliers

84. | Spindasis vulcanus Found mostly ever where,open grasslands shrubs, | Common Not spotted
(Fabr.) along the roads, slow fliers

85. | Spindasis lohita Found mostly ever where,open grasslands shrubs, | Common Not spotted
himalayanus (Moore) along the roads, slow fliers

Family : HESPERIIDAE

86. | Potanthus dara Abundant in jungles, attracted to flowers, basking in | Near Rare Near Rare
(Kollar) sunshine, fast fliers

87. | Badampia Abundant in jungles, attracted to flowers, basking in | Near Rare Near Rare
exclamationis (Fabr.) | sunshine, fast fliers

88. | Odontoptilium Abundant in jungles, attracted to flowers, basking in | Near Rare Near Rare
angulata (Feldor) sunshine, fast fliers

89. | Parnara guttatus Abundant in jungles, attracted to flowers, basking in | Common Not spotted
(Bremer & Gary) sunshine, fast fliers

90. | Borbo cinnara Abundant in jungles, attracted to flowers, basking in | Common Not spotted
(Wallace) sunshine, fast fliers

91. | Potanthus Abundant in jungles, attracted to flowers, basking in | Common Not spotted
psreudomooss sunshine, fast fliers
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RHOPALOCERA DIVERSITY OF THE TEHRI DAM ENVIRONS

Symbrenthia hippoclus Parantica aglea melanoides

Catopsilia pyranthe Cynthia cardui

Chilasa clytia clytia Heliophorus sena
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RHOPALOCERA DIVERSITY OF THE TEHRI DAM ENVIRONS

Pontia daplidice moorei Ypthima baldus baldus

Hypolimnas bolina Lethe rohria rohria

Zizeeria maha Kanishka canace himalaya
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OTHER IMPORTANT INVERTEBRATE’S DIVERSITY

Faunal diversity in few other important terrestrial invertebrate taxa is also very
important to study in the Tehri Dam environs. As, the Tehri Dam environs provide a
diversified habitats in terms of terrestrial and aquatic habitats. New habitats in terms of
establishment of Botanical Garden and development of new plantations have
compensated the lost terrestrial habitats caused by impoundment. The important taxa
of Hymenoptera, Arachnida and Myriapoda have been included for providing detailed
information of the faunal diversity of Post impoundment Tehri Dam environs.

HYMENOPTERA:

The order Hymenoptera of class Insecta of the phylum Arthopoda evolved during
Jurassic period in Mesozoic era, about 155 million years ago. The members of this
order exhibits instinctive behavior in its highest state of perfection. These members are
economically, medically and biologically important. Hymenopterans are highly
specialized, diversified and well adapted to the environment. They are swift fliers and
feed mainly on plant food. They form their own colonies leading a complex, social and
co-operative life. They are also entomophagous insects-parasites and predators.

A total of 1,20,000 species of Hymenoptera is known globally. However, about 10,000
species of Hymenoptera are found in India, which is about 8.3% of the total species of
Hymenoptera in the world. Gupta(1995) presented on account of 200 species of
Hymenoptera from eight districts (Dehradun, Tehri ,Pauri, Uttarkashi, Chamoli,
Nainital, Almora and Pithoragarh) of Uttarakhand.
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Pre Impoundment Scenario:

A total of 24 species of the order Hymenoptera (Class : Insecta) under seven families
have been reported by the Northern Regional Station, Zoological Survey of India,
Dehradun during a pre-impoundment survey undertaken for a period of six months in
1992.0ut of these, 18 species were present above submergence level and 12 species
commonly present within submergence area of Tehri Dam environs. Six species of
Hymenoptera were common to both the area ( within submergence and above
submergence level).The study also revealed that the most of the species were common
to very common except Scolia (Discolia) dehraensis Betrem, which was categorized
as Rare. All other species were either widely distributed in India or atleast known to
occur in other areas of Western Himalayas and are not threatened.

Post Impoundment Scenario:

An extensive survey of Tehri Dam environs for different seasons for two annual cycles
revealed that a total of 46 species of Hymenoptera belonging to 32 genera and nine
families were recorded. Largest numbers of 19 species belonging to 12 genera were
reported from the family Ichneumonidae of Hymenoptera (Table 7.1 & 7.2). Three
species of Pompilidae (Salivus perplexus,Pompilus bioculatus,P.reflexus) and one
species of Chalcididae (Brachymaria labus) were not reported in the pre-impoundment
survey. The reason for this may be that the pre-impoundment survey was for a short
period of time. Most of the species were common and no threatened species has been
recorded .No endemicity of any species has also been recorded for the Tehri Dam
environs.

ARACHNIDA:

The members of Arachnida belong to the phylum Arthopoda. The arachnids are
generally terrestrial in habit. The order Scorpionida (scorpions) is considered as one of
the oldest forms of life. The most striking features of scorpions are large sized
pedipalps and abdomen divided into seven segmented pre-abdomen and five
segmented post-abdomen or tail- the cauda having a large poison sting. Based on the
dwelling habitats, scorpions are grouped into-burrowing (Pelophilous),rock dwelling
(lithophilous) and arboreal. Most of the scorpions are solitary and nocturnal. They hide
by day under stones, logs, debris, old mattings, crevices, holes and underground in
burrows. They are carnivorous and were abundant on the slopes of the hills.

Another order Araneae (spiders) is also very important of the class Arachnida. All

spiders are carnivorous. They usually feed on insects and other spiders. The spiders are
well known for their webs of different types which help in hunting prey. Cannibalism
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is very common among spiders. Most of the spiders have a pair of poison glands
which contain venom to kill prey.

Most of the spiders and scorpions collected from the post —impoundment Tehri Dam
environs were terrestrial. The scorpions and spiders were found mostly common. None
of the species was found endangered or endemic and not threatened by impoundment.

Pre-Impoundment Scenario:

A pre-impoundment survey undertaken by the by the Northern Regional Station,
Zoological Survey of India, Dehradun during a short period of six months(May —
October) 1992,revealed that two species belonging to the two genera and two families
of the order Scorpionida were present in the pre-impoundment Tehri Dam environs.

A total of 21 species belonging to 14 genera and five families of the order Araneae
were recorded under the pre-impoundment survey.

Post Impoundment Scenario:

A total of six species belonging to three families of the order Scorpionida has been
reported from the post-impoundment Tehri Dam environs; while only two species
belonging to two families were reported form the pre impoundment survey.

A total of 19 species belonging to 12 genera and five families of the order Araneae
were recorded form the post impoundment Tehri Dam environs(Table 7.3). Almost
the same numbers of species were reported under the pre-impoundment survey.

Most of the members of the order Scorpionida and Araneae were common in the study
area. None of the species was of threatened category. No endemic species was also
reported. Most of the species were also common elsewhere in the Uttarakhand
Himalaya. Thus, there was no considerable adverse impact of the impoundment.

MYRIAPODA :

The invertebrates of Super class Myriapoda (Myriads = numberless; pedes = feet) are
also important terrestrial arthropods.Myriapods are multisegmented, multilegged and
tracheate (air breathing through trachea).The super class Myriapoda into four classes —
Chilopoda, Diplopoda, Pairopoda and Symphyla. The Chilopods are commonly
known as ‘Centipedes’.The members of Diplopoda are known as millipedes. Though,
Myriapoda is a very large group of land arthopods with rich biodiversity, yet no
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comprehensive account of species diversity is available in India. The most well
worked our group of invertebrates is the order Scolopendromorpha, hence the status
report on the biodiversity of Tehri Dam environs is restricted to the order of
Scolopendromorpha only.

The Scolopendrid centipedes are known globally by about 600 species,of which India
alone supports roughly 15-18% species (Alfred et. al 1998).

The centipede is called by various vernacular names- Kankhajura in Uttar Pradesh and
Uttarakhand , Kansalva in Rajasthan , Kankel in Punjab, Kansui in Maharashtra,
Kennri in Orissa and Kannoi in West Bengal. Considerable work on the diversity of
centipedes of Western Himalayas was done by Khanna (1995).The Scolopenrid
centipedes are represented by 94 species belonging to seven genera of the family
Scolopendridae from India. 20 species of centipedes have been reported from
Uttarakhand (Khanna 1998).

Pre-Impoundment Scenario

Pre — impoundment faunal survey undertaken by the Northern Regional Station,
Zoological Survey of India, Dehradun during May-October,1992 revealed that the
presence of Rhysida monalii Khanna & Kumar; and Otostigmus amballae Chamberlin
from the pre-impoundment habitats was confirmed. However, the possibility of the
presence of Scolopendra moristans Linnaeus; and Cormocephalus dentipes Pocock
was also reported. It was also pointed out that these species were neither endemic nor
rare and their occurrence would not be affected by the loss of their habitats, following
the construction of Tehri Dam.

Post Impoundment Scenario:

An extensive survey of post impoundment of Tehri Dam environs in different seasons
for two annual cycles revealed that five species of centipedes belonging to 4 genera
and one family were present in the post-impoundment Tehri Dam environs
(Table7.4). Most of the species were common and no adverse impact of impoundment
was noticed on diversity of centipedes.
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Table 7.1 : Diversity composition of Hymenoptera in pre-impoundment and post-
impoundment Tehri Dam environs

S.N. Pre-impoundment Post-impoundment

Family Genus Species Genus Species
1. Tiphidae 02 02 01 01
2. Scolidae 03 08 02 04
3. Eumenidae 01 01 02 02
4. Vespidae 02 03 02 03
5. Pompilidae Not Reported Not Reported 02 03
6. Sphecidae 05 06 09 12
7. Chaleididae Not Reported Not Reported 01 01
8. Ichneumonidae 03 03 12 19
9. Apidae 01 01 01 01
TOTAL 17 24 32 46
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Table 7.2 : Hymenoptera diversity and their status of presence in pre-
impoundment and post-impoundment of Tehri Dam environs.

S.N.

Zoological Name

Status of Presence

Pre-impoundment | Post-impoundment

Class: INSECTA

Order : Hymenoptera

Family : Tiphidae

1. Tiphia (Tiphia) rufofemorata Common Common

(Smith)
Il.  Family : Scolidae

2. Campsomeriella c. collaris Common Common
(Fabr.)

3. C. annulata (Fabr.) Common Common

4. Scolia affins (Gueria) Common Common

5. S. dehraensis (Betrem) Rare Rare

I1l.  Family : Eumenidae

6. Eumenses dimidiatipennis Common Common
Sauss

7. Rhynchium argetatum (Fabr.) Not reported Rare

IV. Family: Vespidae

8. Polistes (Megapolistes) Common Common
olivaceus (De Geer)

9. P.(Polistella) maculipennis Common Common
(Saussure)

10. | Vespa (Vespa) velutina auraia | Not reported Common
(Smith)

V. Family : Pompilidae

11. | Salivus perplexus (Smith) Not reported Rare

12. | Pompilus bioculatus Bingham | Not reported Uncommon

13. | P. reflexus (Smith) Not reported Uncommon

VI.  Family : Sphecidae

14. | Chlorion lobatum (Fabricius) Common Common

15. | Chalybion bengalense Common Common
(Dahlbom)

16. | Podalonia laeta ( Bingham) Not reported Rare

17. | Ammophila atripes (Smith) Common Common

18. | A. laeviagata Smith Not reported Uncommon

19. | A. puncata (Smith) Common Common

20. | Liris deplanata binghami Not reported Uncommon
(Tsuneki)

21. | Tachysphex bengalensis Not reported Uncommon
(Cameron)

22. | Pison sp. Not reported Rare

23. | Trypoxylon canaliculatum Not reported Uncommon

(Cameron)
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24. | T. pileatum Smith Not reported Uncommon
25. | Dasyproctus budhha (Cameron) | Not reported Rare
VII.  Family : Chalcididae
26. | Brachymeria lasus (Walker) | Not reported | Rare
VIII.  Family : Ichneumonidae

27. | Neteli virgata (Fourcroy) Not reported Common

28. | N. orientalis (Cameron) Not reported Common

29. | N.siva ( Kaur & Jonatham) Not reported Rare

30. | Exetastes nigellus (Chandra & | Not reported Uncommon
Gupta)

31. | Campoplex maxmimulus (Gupta | Not reported Common
& Maheshwary)

32. | Casinaria formosana Not reported Common
bharata(Maheswary & Gupta)

33. | Urvashia dentipara (Gupta & Not reported Rare
Gupta)

34. | Delopia buddha(Cameron) Not reported Uncommon

35. | D.lajae (Gupta & Gupta) Not reported Common

36. | D. simalaensis (Cameron) Not reported Rare

37. | D.sumptusoa (Cameron) Not reported Common

38. | D. tipari (Gupta & Gupta) Not reported Uncommon

39. | Camplotis chloridae (Uchida) Not reported Common

40. | Xenolytus rugatus (Townes) Not reported Rare

41. | Charitopes densus (Townes) Not reported Rare

42. | C.rugatus (Townes) Not reported Uncommon

43. | Apocryptus garhwalensis Not reported Common
(Gupta & Gupta)

44. | Skeatia maculifrons (Jonatham | Not reported Common
& Gupta)

45. | Amblyjoppa annuliatarsis Not reported Uncommon
annuliatarsis (Cameron)

IX. Family : Apidae

46. | Bomus haemorr hoidelia Not reported Common
(Smith)
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Table 7.3 : Arachnida diversity and their status of presence in pre-impoundment
and post-impoundment of Tehri Dam environs

SN

Zoological Name

Status of Presence

Pre-impoundment

Post-impoundment

Class :ARCHNIDA

ORDER : SCORPIONIDA

Family : Buthidae

1. Mesobutlus tumulus gengeticus Common Common
(Pocock)
2. | Lychas migristernis (Pocock) Common Common
Il. Family : Chaerilidae
3. Chearilius granosus (Pocock) Common Common
4. C. truncatus (Karsch) Common Common
I1l1.  Family: Vaejovidae
5. Scorpiops hardwickii (Gervais) Common Common
6. S.montanus (Karsch)
ORDER : ARANEAE
IV. Family: Argiopidae
1. Araneus nympha (Simon) Common Common
2. Neoscona pavida (Simon) Common Common
3. Nephilia maculata (Fabricius) Common Common
4. N. clavata (Koch) Common Common
5. Leucage decorata (Blackwall) Common Common
6. Lycose goleathus (Pocock) Common Common
7. L.masteri (Pocock) Common Common
8. Pardosa altitudes (Tikader) Common Common
9. P.annandelei (Gravely) Common Common
10. | P.heterothalmus (Simon) Common Common
11. | P.kukupa (Tikader) Common Common
12. | P.birmanica (Simon) Common Common
13. | P.sumatrana (Thorell) Common Common
14. | Hipoasa creenllae (Blackwall) Common Common
V.  Family: Telragnathidae
15. | Tetragnatna andamensis Common Common
(Tikader)
V1. Family : Heteropodidae
16. \ Heteropoca phasma (Simon) Common Common
VII. Family : Salticidae
17. | Salticus rangitus (Tikader) Common Common
18. | Stenodophus sarasinorum Common Common
(Karsch)
VIIl. Family : Oonooidae
19. \ Isnothyraus spp. Common Common
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Table 7.4: Myriapoda diversity and their habit and habitats, conservation status and status of presence in pre-impoundment and
post-impoundment Tehri Dam environs

S.N. Zoological Name Habits and Habitat Conservation Status of presence
Status Pre- Post-
impoundment impoundment
Class : CHILOPODA
Order : SCOLOPENDROMORPHA
Family : Scolopendridae
1. Rhysida monalii Solitary, nocturnal, cannibal, cryptic, takes LC Common Common
(Khanna & Kumar) refuge under stones, cow dung, bark of
trees, mosses in the gardens, cultivated land
2. R. nuda immarginata | Solitary, nocturnal, inhabits soil of LC Not reported Common
(Porath) cultivated crops and vegetables and cow
dung
3. Otostigmus amballae | Solitary, nocturnal, takes refuge in the soil LC Common Common
(Chamberlin) of agricultural crops and vegetables
4. Scolopendra Solitary, nocturnal, takes refuge under LC Not reported Common
morsitans (Linnaeus) | cultivated soils
5. Cormocephalus Solitary, nocturnal, takes refuge under LC Not reported Common
dentipes (Pocock) stones, cow dung ,soil of garden and
cultivated lands
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Chapter- 08
AMPHIBIAN DIVERSITY

Amphibians are poikilothermic (cold blooded) vertebrates with smooth skins lending
to a bimodal life —life in water as well as land. They may or may not possess limbs and
tails. Amphibian’s skin is sensitive and devoid of visible scales. Much of the gas
exchanges in amphibians occur through their skin. The skin secretion generally
protects the skin from desiccation. The fact that the skin has to be moist to be
functional restricts the distribution of most amphibians to the largely wet and warm
parts of the world (Chanda 1998).

In most amphibians, the life history is organized into eggs, larval, and adult stages.
The eggs may be freely deposited inside or near water or carried about by parents. The
abundance of amphibians is very uneven in India. The highest concentration of
diversity exists in the Northern region and Western Ghats. India harbours 209 species
of amphibians out of 5150 species of the world. (Chanda 1998).

The amphibians form an important link in the evolutionary history of vertebrates in
India. The amphibians are represented by all the three order- Gymnophiona/Apoda/
Caccillians; Caudata/Urodela; and Salientia/Anura. The anurans, to which frogs and
toads belong, are the prominent one.

Uttarakhand embraces almost all types of amphibian habitats. On account of its varied
climatic, topographical, altitudinal, and vegetational conditions, the amphibian fauna
of Uttarakhand have not been adequately studied. Important contributions on the
amphibians of Uttarakhand were made by Anandale (1906,1908), Boulenger (1920),



185

Waltner (1974), Chopra (1977), Tilak and Ray (1985), Ray (1989, 1995). The
construction of Tehri Dam has modified the natural landscape of the area. This has
destroyed some of the habitats and some of the entirely new habitats have been created
after the formation of new reservoir. Thus, the extensive survey of the area for
enlisting amphibians is very relevant and important under the present post
impoundment scenario.

An extensive survey and field study of the entire Tehri Dam environs in different
seasons for two annual cycles revealed that amphibians were represented by only one
order Anura (toads and frogs), belonging to 9 species and 5 genera belonging to 3
families (Table 8.1). Most of the species were common and none is endemic to the
area. The same species of amphibians were reported by Zoological Survey of India,
North Station, Dehradun in its pre-impoundment survey undertaken in 1992. Thus,
there is no tangible adverse impact of impoundment of Bhagirathi and Bhilangana
rivers on amphibian diversity. However, creation of big reservoirs, the population of
these species has increased considerably in the periphery of the reservoir. The
presence of most of the amphibians was common during monsoon season.
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Table 8.1 : Amphibians, their habit and habitats, conservation status and status of presence in the pre-impoundment

and post-impoundment of habitats of Tehri Dam environs

Common Ecological | Pre- Post-
] Name ) ) status impoundment | impoundment
S.No. | Zoological Name Habit & Habitat status status
Order : ANURA
Family : RANIDAE
1. Amolops afghanus | Gunthu’s Nocturnal prefers to stay near hill LC Common Common
stream frog | streams ,sometimes found settles on
(Gunther) bolulders, voracious feeder
2. Rana blanfordii Hill forg Aquatic species, common June — DD Very common | Very common
(Boulenger) September, found near reservoir,
streams & rivers
3. Rana Skipper Aquatic species, active during day and Common Common
cyanophylyctis Frog night, skips over the surface water
(Schneider) ,prefer stagnant water of reservoir
4. Rana limnocharis | Paddy filed | Inhabit mostly in paddy files,near the | LC Very common | Very common
(Boie) frog reservoir edges,Nocturnal
5. Tomopterna Indian Terrestiral nocturnal,found under logs | Not Known | Common Common
breviceps Burrowing | and stones; commonly present in June-
(Schneider frog July(monsoon season),burrows in soil
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Family : BUFONIDAE
6. Bufo himalayanus | Himalayan | Inhabits higher altitude region near DD Rare Rare
(Gunther) Toad reservoir, throughout the year
7. Bufo melanostictus | Common Nocturnal,found in damp places,indise | LC Common Common
(Scheider) Asian Toad | holes,logs,commonly seen
insectivorous during monsoon
8. Bufo stomaticus Marbled Inhabit around human LC Present Present
(Lutken) Toad habitations,common forest edges,der
patches
Family : MICROPHYLIDAE
9. Microphyla ornate | Ornamental | Nocturnal,commonly seen in June — LC Common Common
Dumeril & Biron | Pigmy Frog | August,Prefers leaf litter and moist

place covered with grass & herbs,Near
Human settlement,well adapted
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Bufo himalayanus Bufo melanostictus
(Himalayan Toad) (Common Indian Toad)
Rana cyanophlyctis Bufo stomaticus

(Indian skipping frog) (Marbled Toad)
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Chapter- 09
REPTILIAN DIVERSITY

Reptiles are cold-blooded vertebrates which breathe by lungs throughout their
existence and have the body covered by scales; the skull articulates with the vertebral
column by a single median occipital condyle. Reptiles were the dominant group of
vertebrates during the Mesozoic period and they reached their maximum and most
diversified development at that time. Most of the orders of reptiles were established by
the end of Triassic period and some become extinct at that time. Out of the 19 orders
of Class Reptilia, the members of 4 orders only survive today. These are Crocodylia
(Gharilas and Crocodiles); Testudines (Turtles, Tortoises and Terrapins); Squamata
(Lizards and snakes); and Rhynchocephalia which includes a single living speices, the
Tuatera (Sphenodon punctatus) found only in New Zealand.

The reptilian fauna of India are unique in its diversity, which have the greatest affinity
to the Oriental region, and the Indo-Malayan region. Reptiles in India are found in
diverse habitats ranging from deserts to the rain forests, from the brackish waters and
beaches fringing the coasts of plains, hills and dense jungles. Reptiles are the most
important group of predators, the interaction of which maintains the natural balance in
the forests, deserts, rivers, lakes, the plains and high mountains of India. A great
number of living reptiles are slowly disappearing mainly due to the increasing human
interference. Not only reptiles deprived of their habitats but their direct persecution
and slaughter are intensified by the rapid growth of industrialization and land
exploitation.
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The reptilian fauna of Uttarakhand has attracted the attention of various workers
during the past. Important contributions are of Bhatnagar (1972); Dwivedi and Mathur
(1978); Chopra (1979); Sanyal et.al.(1979); Murthy (1985) and Husain and Ray
(1995). Waltner (1974) gave a general account of geographical and altitudinal
distribution of reptiles in the Himalayas.

The Tehri Dam Project has transformed the ecological set up of the Bhagirathi and
Bhilangana Valley. A big area of terrestrial and aquatic habitats has been submerged.
A new area of terrestrial habitats in the form of new plantations and Botanical Garden
has been established. Therefore, the survey of reptilian fauna in the post-impoundment
Tehri Dam Environs is very relevant. The survey is based on extensive visits of the
entire area in different seasons for two annual cycles.

Pre-impoundment Scenario:

Zoological Survey of India (Northern Regional Station) reported reptiles comprising
lizards and snakes during its surveys in 1992 from various localities within and above
the line of submergence of Tehri Dam Project. There was no evidence of the crocodile,
turtles, and tortoises from the areas. Four species of lizards belonging to three families
(Gekkonidae, Agamidae, Varanidae) were reported from the pre-impoundment area.
The species reported from the pre-impoundment were Crytodactylus fasicolata, Agma
tuberculata, Calotes versicolor, and Varanus bengalensis (Table 9.1).

Six species (Ramphotyphlops braminus, Amphiesme stolata, Xenochroohis
piscator,Elaphe Helena, Ptyas mucosus and Naja naja) belonging to the order
Serpents and four families ( Typhlopidae, Natricidae, Colubride, Elapidae) were
reported from the pre-impoundment habitats of Tehri Dam environs.

Post-impoundment Scenario:

An in-depth survey of the various habitats of the post-impoundment Tehri Dam
Environs for two annual cycles revealed that eight species of lizards (order: Sauria)
belonging to four families (Gekkonidae, Agamidae, Varanidae, Scinidae) were present
in the area. Four species (Hamidactylus faviviridis, Hemidactylus brooki, Japulura
major and Scincella himalayanum) of lizards were also reported, which were not
reported in the pre-impoundment survey ( Table 9.1).

A total of 12 species of snakes (order: Serpentes) belonging to seven families have
reported from post impoundment habitats. Six new species of snake (Phython molurus,
Bungarus fasciatus, Vipera ruselli, Boiga multifaciata, Naja oxiana and Oligodon
taeniolatus) have been reported from the post-impoundment Tehri Dam environs.
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The reason for the presence of more species may be that the pre-impoundment survey
was for a very short period of six months. The present survey was very extensive and
intensive for two annual cycles. Creation of huge reservoir has given advantages for
providing conducive environment for the propagation of herpetofauna. Abundance of
herpetofauna has increased around the periphery of the Reservoir. Thus, the impact of
Tehri Dam has a positive impact on the reptilian diversity.
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Table 9.1 : Reptiles and their habit and habitats, conservation status and status of presence in the post-impoundment
and pre- impoundment Tehri Dam environs

S.No. Zoological Name Common Name Habit & Habitats Conservation Status of Presence
Status Pre- Post-
impoundment impoundment
Order : SAURIA
Family : Gekkonidae
1. Crytodactylus Rock Gecko Nocturnal, dwells in cervices LC Common Common
fascilotus (Blyth) among rocks, stones, and
bushes; non-poisonous
2. Hemidactylus Yellow-bellied Dwells in crevices of rocks, LC Not reported Very Common
faviviridis (Rupell) House Gecko stone walls, holes; feeds on
insects, butterflies and other
anthropods; basking on stone
walls; non-poisonous
3. Hemidactylus brooki | Spotted Indian Nocturnal, inhabits forest LC Not reported Common
(Gray) House Gecko patches,human settlements;
non-poisonous
Family : Agamidae
4. Agama tuberculata Rock Lizard Gregarious, inhabits almost Common Most Common | Most Common
(Hardwicke & Gray) throughout the area, non-
poisonous
5. Calotes versicolor Indian Garden Diurnal prefers to live in NT Common Common
(Daudin) Lizard bushes, shrubs forest areas,

road side vegetation,
insectivorous, Non-poisonous
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6. Japalura major Garhwal Diurnal, terrestrial, inhabits LC Not reported Common
(Jerdon) Mountain Lizard | leaf litters close to rocky
mountain streams, uses rock as
cover: insectivorus, non-
poisonous
Family : Varanidae
7. Varanus bengalensis | Monitor lizard Diurnal, largest lizard, Vu (WPA Common Common
(Daudin) carnivorous, solitary, basking | Schedule I)
in the morning Sun, Non- CITES
venomus Appendix |
Family :Scincidae
8. Scincella Himalayan Diurnal, terrestrial, inhabits LC Not reported Common
himalayanum Ground Skink moist rotten logs, accumulated
(Gunther) leaf and rock piles,
insectivorous
Order: SERPENTES
Family : Typhlopidae
Q. Ramphotyphlops Common blind Inhabits underneath debris, NT Common Common
braminus (Daudin) Snake soil, logs, stones, feeds on (WPA
worms, small insects and their | Schedule 1V)
larvae; Non-venomous
Family : Boidae
10. Phython molurus Asiatic Rock Nocturnal, crepuscular, Vu Not reported Rare
molurus Linnaeus Python inhabits both primary and (WPA
degraded forests feeds on rats, | Schedule |
jackals, deer, wild boars; Appendix I1)

Brooding and basking is
common, Non-venomous
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Family : Natricidae
11. Amphiesma stolata Stripped Keel- Diurnal, inhabits banks of NT Common Common
(Linnaceus) back Snake rivers, streams, reservoir, (WPA
holes, under rocks and Schedule 1V)
branches of trees and bushes,
feeds on frogs and toads, Non-
Venomous
12. Xenochrophis Checkered Keel- | Diurnal, frequents streams, NT (WPA Common Common
piscator (Scheider) back Snake rivers, reservoir banks, basking | Schedule 11)
on grass; feeds on fish, frog,
toads and tadpoles; Non-
venomous
Family : Colubridae
13. Elaphe Helena Common Diurnal, inhabits leafy trees LC Common Common
(Daudin) Trinket Snake and bushes, rock holes and
crevices, burrows of rodents;
Non-venomous
14, Ptyas mucous Rat snake Dirunal inhabits rat holes, Not assessed | Very Common | Very Common
(Linnaeus) (Dhaman) high grasses paddy / wheat (WPA
fields, rats as main food, very | Schedule V)
agile escape in good speed,
keeps rats under control; non-
venomous
15. Oligodon taeniolatus | Russell’s Kukri | Active by day & night found in | DD (WPA Not reported Uncommon
(Jerden) Snake forest as well as near human Schedule 1V)
habitation, Docile,
carnivorous.
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Family : Elapinae

16. Bungarus fasciatus Banded Krait Nocturnal, timid, non NT Not reported Common
(Schneider) aggressive, inhabits variety of | (WPA
habitats, close to water bodies, | Schedule 1V)
sandy soils, burrows of
rodents; venomous
17. Naja naja (Linnaeus) | Binocellate Dirunal, extremely agile, NT Common Common
Cobra (Nag) inhabits forests, agriculture (WPA
fields, hollow trunk of old Schedule 11)
trees, big holes in the ground, | CITES
termite moulds, venomous Appendix Il
18. Naja oxiana Black Cobra Dirunal, inhabits forest edges | DD Not reported Very Rare
(Eichwald) at high altitute, eats
amphibians, lizards, rodents.
\enomous
Family : Viperidae
19. Vipera russelli Russell’s Viper | Nocturanl, terrestrial, inhabits | DD Not reported Rare
(Shaw) cultivated areas, grasses,
termite mounds, rat burrows;
Venomous
Family : Homalopsidae
20. Boiga multifasciata Himalayan Cat | Arboreal, nocturnal, inhabits Not Evaluated | Not reported Uncommon

(Blyth)

Snake

forests, degraded forests, tall
grasses, under the bark of
trees, mildly Venomous

(WPA
Schedule 1V)
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LIZARDS OF TEHRI DAM ENVIRONS

Varanus bengalensis Calotes versicolor
(Monitor Lizard) (Indian garden lizard)
Cyrtodactylus fascilotus Hemidactylus brooki
(Rock Gecko) (Spotted Indian House Gecko)
Agama tuberculata Hemidactylus faviviridis

(Rock Lizard) (Yellow-bellied House Gecko)
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Dendrelaphis tristis
(Bronze back tree snake)

Bioga multifaciata
Himalayan cat snake

Ptyas musosus
Indian Rat snake

Ramphotyphlops braminus
(Blind snake)

Bungarus fasiatus
Banded Krait

Python molurus molurus
Asiatic Rock Python
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Oligodon taeniolatus Naja oxiana

Russell’s kukri snake Black cobra
Vipera russelli Naja naja
Russell’s viper Spectacle cobra
Elephe helena Lycodon aulicus

Trinket snake Wolf snake
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Chapter- 10
AVIAN DIVERSITY

The Himalayas are the home of thousands of species of birds or avifauna. The
avifauna of this mountain chain has been influenced by Palaearctic, South Indian,
Malayan, Chinese, Tibetan and Central Asian elements. Amongst the larger birds
found in the Himalaya are Kites, eagles, vulture, and pheasants. The medium sized
birds include fowls, cocks, woodpeckers, and swallows, white tits and warblers are
some of the smaller birds of Himalayas.

Class Aves of the phylum Chordata includes the fascinating warm blooded vertebrate
creatures, which are known as birds. They are characterized by the presence of
feathers which serves many purposes like insulating the body and contributing to the
flying apparatus of wings and tail. Birds evolved about 150 million years ago, their
diversification of forms were noticeable, sometimes during 60 millions year ago. Since
then speciation process continued rapidly and majority of the families and many
genera living today have already appeared some 11 millions year ago. By virtue of
their flying ability, birds have great mobility and dispersed over every corner of the
planet. Many species are gregarious, teaming in flocks of thousands, while other is
solitary or moves in pairs and in small group of 5-20. Global diversity of birds enlists
9,026 species living birds under more than 1,800 genera, 182 families and 30 orders

India can boast of having 1,166 species under 405 genera, 78 families and 20 orders.
The avifauna abridges Palaearctic, Oriental, Ethiopian, and Australasian
zoogeographic regional elements. Distribution of every species is largely dependent on
the access to the place, availability of food, nesting grounds, and shelter together with
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other ecological factors. Since, there has been change in various degrees in ecology
and overall pattern of geographical features coupled with human activities, there has
been a change in distribution pattern of many species of birds

There are ethical, social, and economic relation between man and the birds. Economic
relations are many fold. Birds are friends as well as foes to mankind. Some are
beneficial being agents for pollination, germination, and for dispersal of seeds of
plants. They help in controlling pests, scavenging the carcasses and offering flesh and
eggs for the table. On the other hand, destroy crops in the field as well as in ponds by
devouring seeds and fishes, spreading disease and also become our enemy. Besides,
birds offer themselves as prey species and many other depend directly on bird life. The
ecological balance in the nature is also shared by avifauna. Hence, their absence will
disturb the cybernatics of the nature.

Many attempts have been made to survey the avian fauna of Uttarakhand area. Hudson
(1930) reported birds from Nainital, Briggs (1993) reported birds from Ranikhet, while
Bhatnagar and Misra (1971) have reported birds from the Dehradun district. Lavkumar
(1956) reported birds from Garhwal. Tak and Kumar (1987) reported birds from
Nandadevi, while Lamba (1987) reported birds from Corbett National Park. Kumar
(1985) reported birds from Nayar Valley of Pauri-Garhwal district. Tak (1995)
summarized the avian diversity of Uttarakhand.

However, no sincere effort has been made on the avian diversity of Tehri Garhwal
district except a preliminary report on the birds of pre-impoundment area of Tehri
Dam Project (ZSI 1992). The present contribution is aimed at to provide information
on the post impoundment survey of avian fauna based on the observations of all types
of bird’s habitat during various seasons (winter, summer, and monsoon) for two
annual cycles.

PRE-IMPOUNDMENT SCENARIO:

Pre-impoundment survey made by Zoological Survey of India, Northern Regional
Station, Dehradun for a brief period of six months (May-October 1992) prepared an
inventory of birds of Tehri Dam area. During this short survey, reported 73 species,
belonging to 63 genera spread over to 31 families and 13 orders. The transect-wise
analysis of birds diversity indicated the maximum concentration of birds (36 species)
in the Bhilangana Valley, and the minimum (14 species) from the area downstream to
Tehri Dam site. 30 species were reported from the Bhagirathi transect along Dehradun
Road.

None of the species reported was endemic. However, the Indian Sparrow Hawk being
an endangered one included in the Schedule I of the Wildlife Protection Act 1972 and
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the Ring Tailed or Pallas’s Fishing Eagle (categorized as [IUCN Rare)were reported in
the area. In addition to it Red headed Vulture( Sarcogypus calvus) and Indian white
rumped Vulture (Gyps bengalensis) categorized as critically endangered (CR) have
also been reported from pre-impoundment habitats.

POST-IMPOUNDMENT SCENARIO:

An extensive and intensive survey of various habitats of post-impoundment Tehri Dam
environs resulted in identification of 77 bird’s species belonging to 67 genera of 33
families and 15 orders (Table 10.1& 10.2).The dominant order was Passiformes
represented by 16 families, 35 genera and 40 species. The dominant family was
Musicapidae represented by 13 genera and 14 species followed by Accipitridae
represented by 10 species of 9genera of the order Falconiformes.

These are few species which were reported form the impoundment survey,were not
found to be present in the Tehri Dam environs. Palla’s Fish Eagle (Haliaectus
leucoryphus Pallas), Indian White rumped Vulture (Gyps bengalensis Gemlin) were
reported under the pre-impoundment report. But, these species were not spotted during
the survey of two annual cycles.However, four new species of birds — Large
Cormorant (Phalacrocorax carbosinesis Shaw), Little Cormorant (P.niger), Rudy
Shelduck/Brahminy Duck (Tadorna ferruhines Palla) and Common Pochard (Aythya
ferina Linnaeus) all the winter migrants were found in the Post-impoundment Tehri
Dam environs. These water birds have landed in the area during winters is due to the
creation of big reservoir. Thus, the creation of reservoir will further attract the winter
migrant birds in the area. This is the positive impact of Tehri Dam construction. New
habitats like Botanical Garden and new plantations in the area have also attracted the
birds and the population of the species, dwelling in the Botanical Garden, open parks,
and new plantations has increased considerably.
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Order Family No. of Genera No. of Species
Ciconiformes Ardeidae 01 01
Falconiformes Accipitridae 09 10

Falconidae 01 01
Galliformes Phasianidae 03 04
Charadriformes | Charadridae 01 01
Columbiformes | Columbridae 02 04
Psittaciformes Psittacidae 01 01
Culculiformes Cuculidae 02 04
Strigiformes Strigidae 01 01
Caprimuliformes | Caprimulgidae 01 01
Apdodiformes Apodidae 01 01
Alcedinidae 03 03
Coraciformes Meropidae 01 01
Upupidae 01 01
Piciformes Capitonidae 01 01
Hirundinidae 01 01
Lanidae 01 01
Oriolidae 01 01
Sturnidae 02 04
Passiformes Dicurridae 01 01
Corvidae 03 04
Pycnonotidae 02 03
Muscicapidae 13 14
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Cinclidae Table 10.I1 Contd. 01
Paridae 01 01
Motacillidae 02 02
Nectarinidae 01 01
Zosterpidae 01 01
Ploceidae 02 02
Fringillidae 02 02
Emberizidae 01 01
Pelecaniformes Pelicanidae 01 02
Anseriformes Anatidae 01 02
Total: 15 33 67 77
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Table 10.2. Avian fauna their habit and habitat, conservation status and status of presence in the pre-impoundment and post

impoundment Tehri Dam Environs

SN Zoological Name Common Name Habit & Habitat Conservation Status of Presence
Status Pre- Post-
impoundment | impoundment
Order: CICONIFORMES
Family: Ardeidae
1. Ixobrychus cinnamomeus Chestnut Bittern Non gregarious, Resident Resident Local
(Gmelin) Crepusculer, Voracious Local movement,
Feeder, Carnivorous, LC movement, Uncommon
Reedy beds of water Uncommon
body, Paddy fields
Order: FALCONIFORMES
Family: Accipitridae
2. Milvus milvus govinda Pariah Kite Bird of prey, Soaring, LC Resident Resident
(Sykeo) glides in search of food, Common Common
Carnivorous
3. Accipiter nisus melachistos | Indian Sparrow Smaller bird of prey, LC Resident Resident,
(Hume) Hawk hunting behavior Local Local migrant,
migrant, Uncommon
Uncommon
4. Spizaeutus (cirrhatus) Changeable Smaller bird of prey, LC Resident, Resident,
limnectus (Horsefild) Hawk-Eagle Inhabits forests and Local Local migrant
wooded land migrant Uncommon
Uncommon
5. Aquila rapax nepalensis Steppe Eagle Feeds on fresh carion of LC Resident, Resident,
(Hodgson) rodents, small mammals, Common Common
birds, bird of prey
6. Haliaeetus leucoryphus Ringtailed or Riverine tract, lakes, Vu Reported Absent
(Pallas) Pallas’s Fish Eagle | reservoir, winter visitor
7. Sarcogyps calvus (Scopoli) | Red headed Scavenger, Carion feeder CR occasional occasional
Vulture
8. Gyps himalayensis (Hume) | Himalayan Griffon | Inhabits mountain area, LC Resident, Resident,
Vulture feeds mostly, carcasses Common Common

of animals, soars over
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open areas/mountains,
mores in floods grants
and hisses at roosts

Cultivation and streams,
lower altitude,emerge to

9. Gyps bengalensis (Gemlin) | Indian white- Common in Gangetic CR Reported Absent
rumped Vulture plains, nesting on the
trees
10. | Neophron percnopterus Indian Scavenger | Scavenger, Carion feeder EN Occasional Occasional
ginginianus (Latham) Vulture/Egyptian
Vulture
11. | Spilornis cheela cheela Crested Serpent Inhabits forests and well LC Resident Resident
(Latham) Eagle wooded land perchason Common Common
leafy trees predator,
sharp whistling call at
night
Family: Falconidae
12. Falco tinnunculus European Kestrel | Bird of prey ,swift flier, LC Resident, Resident,Summ
tinnunculus (Linnaeus) arboreal, nesting in tree summer er Visitor,
holes visitor, Uncommon
Uncommon
Order : GALLIFORMES
Family: Phasianidae
13. Alectoris chukar chukar | Chukar Partridge | Game bird, native range LC Resident, Resident ,local
(Gray) is rocky open hill sides local movement
with grasses/scattered movement. ,common
scrub common
14. Francolinus francolinus | Indian Black Inhabits driver, open LC Resident, Resident,
asiae (Bonaparte) Partridge cultivated land, scrub Uncommon | Uncommon
forests
15. F.pondicerianus North Indian Grey | Dwells dry grasslands LC Resident Resident,Local
interpositus (Halert) Partridge and scub bushes ,Local migrant,Commo
migrant,Com | n
mon
16. Lophura leucomelanos White Crested Inhabits forests edge, LC Resident,Ver | Resident,Very
hemiltonii (Gray) Kaleej Pheasant Cultivation, Vicinity of y common Common
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the road at down and
dusk

Order : CHARADRIFORMES
Family : Charadrridae
17. Vanellus indicus indicus | Red wattled Dwells in open country LC Resident, Resident,
(Boddaert) Lapwing and arable land near Common Common
freshwater
Order : COLUMBIFORMES
Family : Columbidae
18. Columba livia intermedia | Indian Blue Rock | Dwells in hilly areas near LC Summer Summer visitor
(Strickland) Pigeon human habitation visitor, very | very, common
common
19. Streptopelia decaocto Indian Ring Dove | Solitory or in pairs, LC Resident, Resident,
decaocto (Frivaldszky) sometimes in flocks, Common Common
resting on tree tops, feeds
in seeds
20. S. chinensis suratensis Indian Spotted Resident breeding LC Resident, Resident,
(Gmelin) Dove bird,builts a swaple stick Summer Summer visitor
nests visitor, , Uncommon
Uncommon
21. S.senegalensis Laughing Dove Dwells near human LC Resident, Resident,
cambayensis (Gmelin) habitation farm lands and Common Common
cultivation
Order : PSITTACIFORMES
Family : Psittacidae
22. Psittacula cyanocephala | Northern Blossom | Resident breeding local LC Resident, Resident, Very
bengalensis headed Parakeet movement in search of Vey Common
(Forster) food , bird of forest and Common
open woodland,Nests in
holes in trees
Order: CUCULIFORMES
Family: Cuculidae
23. Cuculus variaus variaus | Common Hawk- Brood parasite,inhabits LC Summer Summer
(Vahl.) Cuckoo/Brainfever | graden land arbored Visitor, Visitor,
Bird Uncommon | Uncommon
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24. Eudynamys scolopacea Indian Koel Brood parasite, LC Resident, Resident,
scolopacea (Linnaeus) Fruigivorous, Common Common
Vocal during breeding
season, dwells in gorves,
large, trees
Order : STRIGIFORMES
Family: Strigidae
25. Athene brama indica Northern Spotted | Nocturnal, arboreal LC Resident, Resident,
(Franklin) owlet cavities /hollows in large Common Common
trees
Order: CAPRIMULIFORMES
Family: Caprimulgidae
26. Caprimulgus macrurus Indian Long-tailed | Nocturnal, LC Resident , Resident,
albonotatus (Tickell) Night jar Insectivorous, nesting on Local Local migration
bare ground, dwells in migration
open forests, scrub
habitat
Order: APODIFORMES
Family: Apodidae
217. Apus affinis affinis Little Swift Feeds on insects aerial, LC Resident Resident
(JE Gray) dwells near tons, flodes Summer Summer Visitor
noisy at night Visitor Common
Common
Order: CORACIFORMES
Family: Alcedinidae
28. Ceryle lugubris West Himalayan Solitary, Near water LC Resident , Resident, Local
continentalis (Hartert) Pied Kingfisher/ body, Lovers for fish, Local movement,
Crested Kingfisher | nesting in tree holes movement, Uncommon
Uncommon
29. Alcedo atthis bengalensis | Indian Small Blue | Inhabits close to LC Resident , Resident, Local
(Gmelin) Kingfisher reservoir, river, solitary, Local movement,
nesting in tree holes movement, Common
Common
30. Halcyon smyrnensis Indian white- Hovers over LC Resident , Resident, Local
fusca (Boddaert) throated reservoir/river for eating Local movement ,
Kingfisher fish, Solitary nesting in movement, Common
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| | tree holes | Common
Family : Meropidae
31. Merops orientalis Indian Small Found grassland, scub, LC Resident Resident
orientalis (Latham) Green Bee-eater forests, insect eater Uncommon | Uncommon
Family : Upupidae
32. Upupa epops epops European Hoope Has a characteristic LC Summer Summer visitor,
(Linnaeus) undulating flight, dells visitor, Common
near human settlement Common
and cultivation
Order: PICIFORMES
Family: Capitonidae
33. Megaliama asiatica Blue throated Eats fruits ,insects, LC Resident, Resident,
aisatica (Latham) Barbet inhabits forests and Common Common
wooded areas at lower
altitudes
Order: PASSIFORMES
Family: Hirundinidae
34, Hirundo daurica Himalayan Inhabits hilly area, LC Summer Summer visitor,
nepalensis (Hodgson) Striated Swallow/ | insectivorous, visitor, Uncommon
Red rumped greganivorous Uncommon
Swallow
Family: Lanidae
35. Lanius schach Rufous backed Upright shrike attitude, LC Summer Summer
erythronotus (Vigors) Shrike perched on bush feeds on visitor, visitor,
insects, lizards rodents Uncommon Uncommon
Family: Oriolidae
36. Oriolus oriolus kundoo Indian Golden Dwells open wooded LC Resident, Resident,
(Sykes) Oriole gardens, plantations Common Common
Family: Sturnidae
37. Sturnus malabaricus Grey headed Myna | Inhabits wooded habitats LC Resident, Resident,
malabaricus (Gmelin) Chestnut-tailed partial partial
Starling migration, migration,
Common Common
38. S. pagodarum (Gmelin) | Black headed Pairs/small flocks in LC Resident Resident
Myna/ Brahminy | open habitats Common Common

Myna
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39. Acridotheres tristis tristis | Indian Myna Omnivorous, open wood LC Resident Resident
(Linnaeus) bird, Strong terrestrial Common Common
instinct
40. A. fuscus fuscus (Wagler) | Northern Jungle Found in forests, LC Resident Resident
Myna Cultivated land Common Common
Family: Dicurridae
41. Dicrurus adsimilis North Indian Common in open LC Resident Resident
albirictus (Hodgson) Black Drongo/ agricultural land, Common Common
king crow Insectivorous, nesting in
well
Family: Corvidae
42, Cissa erythrorhycha Himalayan Red Inhabits mountains as Resident Very | Resident Very
occipitalis (Blyth) billed Blue areas, insectivorous Common Common
Magpie
43. Dendrocitta formosae West Himalayan Wide distribution along LC Resident Resident
occidentalis (Ticehurst) | Tree Pie lower altitudes Common Common
44, Corvus splendens Indian House Omnivorous, Common LC Resident Resident
splendens (Vieillot) Crow near human habitats Common Common
45, Corvus macrorhynchos Himalayan Jungle | Inhabits forests, bushes, LC Resident Resident
intermedius (Adams) Crow of hilly areas, nesting in Common Common
twigs of trees
Family: Pycnonotidae
46. Pycnonotus leucogenys White Checked Song bird, Inhabits LC Resident Very | Resident Very
leucogenys (Gould) Bulbul forests, rich gardens, Common Common
shrubs, roadsides,
Insectivorous
47. P. cafer intermedius Punjab Red vented | Bird of dry scrub, open LC Resident, Very | Resident, Very
(Blyth) Bulbul forests plains, cultivated Common Common
lands
48. Microscelis amaurotis Brown Eared Bird of open scrub, LC Resident, Resident,
(Gray) Bulbul cultivated lands, gardens Common Common
Family: Muscicapidae
49, Stachyridopsis pyrrhops | Black chinned Bird of moist low land LC Resident, Resident,
(Blyth) Babbler forests, scrub Common Common
50. Turdoides striatus Bengal jungle Resident of forests, LC Resident, Resident,
striatus (Dumont) Babbler gardens Common Common
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51. Muscicapa thalassina Fly Catcher Found in woodlands, Summer Summer
(Swainson) Insectivorous Arboreal Visitor, Visitor,
Common Common
52. Rhipidura albicollis Western White Found in LC Resident, Resident,
canescens (Koelz) throated Fantail forests/woodland, Local migrant, | Local migrant,
Fly Catcher Insectivorous Arboreal Uncommon Uncommon
53. Terpsiphone paradisi West Himalayan Found in mountainous LC Resident, Resident,
leucogaster (Swainson) Paradise Fly fronts, Insectivorous Summer Summer
Catcher Visitor, Visitor,
Uncommon Uncommon
54, Phylloscopus affinis Tickell’s Leaf Smallest abler, wooded LC Migratory in Migratory in
affinis (Tickell) Warbler land,Cultivation nature, nature,
Common Common
55. P. proregulus Western Pallas’s Found in hilly region, LC Resident, Resident,
simalaensis (Ticehurst) Leaf Warbler gardens/parks Local Local
movement movement
56. Erithacus (Tarsiger) White Browed Inhabits forests, bushes LC Resident, Resident,
indicus indicus (Vieillot) | Bush Robin of mixed forest Common Common
57. Copsychus saularis Indian Magpie National Bird of LC Resident, Resident,
saularis (Linnaeus) Robin Bangladesh, dwells Common Common
gardens/parks hides in
rocky niche
58. Enicurus maculates Western Spotted Inhabits close to water Common Resident, Resident,
maculates (Vigors) Forktall bodies, rivers, forest Common Common
water courses
59. Saxicoloides fulicata Brown backed Common in open scub LC Resident, Resident,
cambaiensis (Latham) Indian Robin perching in thorny Common Common
shrubs, rocks
60. Saxicola caprata bicolor | Northern Pied Small passerine bird, LC Resident, Resident,
(Sykes) Bush Chat Inhabits open scub, Common Common
grasslands, Insectivorous
nests in cavities of stone
walls
61. Monticola solitarius Indian Blue Rock | Breeds in open mountain Common Resident, Resident,
pandoo (Sykes) Thrush area, mostly cliffs Common Common

omnivorous
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62. Myophonus caeruleus Himalayan Mostly seen in hilly area LC Resident, Resident,
(Vigors) Whistling Thrush | except winter Summer Summer
Visitor Visitor
Family: Cinclidae
63. Cinclus pallasi Western Bird of Lower elevation Resident, Resident,
tenuirostris (Bonaparte) | Himalayan Brown | in mountains, dwells LC Common Common
Dipper new mountain streams
and rivers
Family: Paridae
64. Parus major nipalensis Nepal Grey Tit Dwells in open forests Common Resident, Resident,
(Hodgson) and gardens Common Common
Family: Motacillidae
65. Anthus sylvanus Upland Pipit Dwells in open habitats LC Resident, Resident,
(Hodgson) short grasslands and Common Common
cultivation
66. Motacilla Large Pred Dwells near water LC Resident, Resident,
maderaspatensis Wagfall bodies, streams and river Common Common
(Gamelin) banks
Family: Nectarinidae
67. Nectarinia asiatica Indian Purple Arboreal, feeds on flower LC Resident, Resident,
asiatica (Latham) Sunbird nectar, eggs laid in a Local migrant, | Local migrant,
pouch shaped nest common common
Family : Zosteropidae
68. Zosterops palpebrosa Indian White eye | Arboreal, feeds on flower LC Resident, Resident,
palpebrosa (Temminck) nectar, eggs laid in a Local migrant, | Local migrant,
pouch shaped nest common common
suspended to a bravel
Family: Ploceidae
69. Passer domesticus Indian House Dwells near human LC Resident, Resident,
indicus (Jardine & Sebly) | Sparrow settlements Common Common
70. Lonchura striata White Backed Dwells in secondary Common Resident, Resident,
acuticauda (Hodgson) Munia jungle, grassy areas, Common Common
Cultivation
Family: Fringillidae
71. Carpodacus erythrinus Common Rose Dwells in cultivated LC Resident, Resident,
(Pallas) Finch lands and forest Common Common
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72. Pyrrhoplectes epauletta | Golden Naped Dwells in dense forests, LC Resident, Resident,
(Hodgson) Finch scub at higher altitude Common Common
Family: Emberizidae
73. Melophus lathami (Gray) | Crested Bunting Dwells scrubby hillsides, LC Resident, Resident,
fallow fields Common Common
Order: PELECANIFORMES
Family: Pelicanidae
74, Phalacrocorax carbo Large (Great) Gregarious, carnivorous, Common Not reported Winter
sinesis (Shaw) Cormorant voracious fish feeder, Migrant,
small groups, breeds Common
from September to
February
75. P.niger Little Cormorant Large flocks in reservoir, Common Not reported Resident,
rivers, hunt on fish Local migrant
from plains
Order: ANSERIFORMES
Family: Anatidae
76. Tadorna ferrginea Rudy Shelduck/ Gregarious, small flocks Uncommon | Not reported Winter
(Pallas) Brahminy Duck chiefly carnivorous, open Migrant
reservoir, large river
77. Aythya ferina (Linnaeus) | Common Pochard | Frequent open reservoir Common Not reported Winter
with deep water, Migrant,
nocturnal, herbivorous, Common

occasionally feeds on
insects larvae
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AVIAN DIVERSITY IN TEHRI DAM ENVIRONS

Megalaima asiatica Phalacrocorax niger

Pycnonotus cafer Pycnonotus leucogenys

Columba livia intermedia Lophura jeucomplana
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AVIAN DIVERSITY IN TEHRI DAM ENVIRONS

Acridotheres tristis Pericrocotus ethologus

Eudynamys scolopacea scolopacea  Cissa erythroyncha occipitals

Psittacula krameri Myophonus caeruleus
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Chapter- 11
MAMMALIAN DIVERSITY

One of the most fascinating features of Indian biodiversity is its mammalian fauna
which encompasses species as large as whales, elephants, rhinoceros and tigers and as
small as shrews, mice and bats. They are found in all types of the habitat of the
country, both terrestrial and aquatic. They may be volant, arboreal, ground dwelling,
fossorial or aquatic in habits. Each species has its own unit set of characteristics,
enabling to survive it in its particular environment (Alfred et.al. 1998).

The term mammals refer to the animal possesses mammary or milk producing glands
for nourishing their young ones. Another important feature of the group is possessing
of hairs on the body atleast during some period of life cycle.

The mammalian fauna of the world is represented by 4,629 species belonging to 1,135
genera, 136 families and 26 orders (Wilson and Reeder 1993). Of these 390 species
belonging to 180 genera, 42 families and 13 orders are found in India. The Indian
fauna is heavily influenced by the Indo-Chinese, Malayan, Ethiopian and Palaearctic
elements.

The knowledge about the Indian mammals is very old. Descriptions of some mammals
are available in the Vedas and even in the Pre-Vedic edicts. There are ethical, social,
mythological and economic relationship between man and wild mammals. Some
species of mammal are associated with different Hindu gods or goddesses in the Indian
mythology and are worshiped.

The mammalian fauna of Uttarakhand has attracted the attention of different workers
in the past. Important workers who have studied the mammalian fauna are Prater
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(1971), Atkinson (1973), Kumar and Chopra (1977), Upadhayay (1980), Saharia
(1982), Osmaston and Sale (1989), Walton (1989) and Sinha (1995),

PREIMPOUNDMENT SCENARIO:

Zoological survey of India (North Regional Station) undertook pre impoundment
survey of mammals during May-October 1992.A total of 18 species belonging to 17
genera and 13 families and 6 orders of class Mammalia were reported (Table 11:1,
11.2). It was also reported that 15 species of mammals were common both in area of
within submergence level and above submergence level. One species (Lutra lutra) was
exclusive to the within submergence area. Only two species (Felis bengalensis and
Panthera pardus) which were reported from the preimpoundment were listed in the
schedule I of Wildlife Protection Act 1972. None of the mammalian species reported
was endemic to the Tehri Dam area.

POSTIMPOUNDMENT SCENARIO:

On the basis of the personal observations, local enquiries and in-depth survey of all the
sampling sites for two annual cycles, 29 species of mammals belonging to 26 genera,
13 families and 6 orders were recorded (Table 11.1;11.2)

Eleven species of mammals (Rousettus leschenalti, Coun alpines, Vivericula indica,
Paraoxurus hermaphrodites, Peguma larvat, Panthera tigris, Cervus uniclor, Mus
musculus, Mus buguda, Bandicota bengalensis and Nesokei indica) were also spotted
in the post impoundmnent Tehri Dam environs. The reason for the presence of more
species of mammals under the present study is that the present study was an extensive
study for two animal cycles in comparison to pre-impoundment study of a very short
period of six months.

Most dominant order was found to be carnivora, which was respresented by 14 species
followed by six species of Rodentia(Table 11.1). An abnormally high growth in the
population of Wild Boar (Sus scrola) and Rhesus Macaque (Macaca mulata) was
recorded in the post impoundment area. Another interesting fact was the presence of
Panthera tigris in the area. However, direct evidences could not be collected.

Interaction with the local inhabitants on the issue of presence of Tiger, it was revealed
that one to two individuals may be there- one at the higher reaches of Pilakhi in
Ghansali Transect and another near the forest patch of Kamand in the Dharasu
Transect.

Overall the presence of availability of water resources and food in the post
impoundment Tehri Dam environs has given a boost to the growth of wildlife
including mammals.
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Table 11.1 Composition and diversity of mammals in the pre-impoundment and
post-impoundment Tehri Dam environs

STATUS OF PRESENCE

ORDER FAMILY PRE- POST.
IMPOUNDMENT IMPOUNDMENT
GENUS | SPECIES | GENUS SPECIES
INSECTIVORA Soricidae 01 01 01 01
CHIROPTERA Pteropidae - - 01 01
Ceropithecidae | 02 02 02 02
CARNIVORA Canidae 02 02 03 03
Ursidae 01 01 01 01
Mustelidae 02 02 02 02
Vireridae 01 01 04 04
Felidae 02 03 02 04
ARTIODACTYLA | Suidae 01 01 01 01
Cervidae 01 01 02 02
Bovidae 01 01 01 01
LAGOMORPHA | Leporidae 01 01 01 01
RODENTIA Histricidae 01 01 01 01
Muridae 01 01 04 05
TOTAL : 06 14 17 18 26 29
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Table 11.2 : Mammals and their habits and habitats, conservation status and status of presence in post-impoundment and pre-
impoundment habitats of Tehri Dam environs

Status of Presence
S.No Zoological Name Common Habit and Habitats Conservation Pre- Post-
Name Status impoundment | impoundment
Order : Insectivora
Family : SORICIDAE
1. Suncus murinus House Shrew | Nocturnal, solitary lives near | LC Common Common
(Linnaeus) human settlements, feeds
mainly on insects
Order : Chiroptera
Family : PTEROPIDAE
2. Rousettus leschenaltii | Fruit Bat Arboreal, frugivorous | Common Common Common
Desmerest gregarious while roosting
Family : CERCOPITHECIDAE
3. Macaca mulata Rhesus Semi-urban areas, lives in and | LCnt Common Common
(Zimmermann) Macaque around human settlements, in
summers ascend to higher
elevation
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4. Presbytis entellus Hanuman Forest dweller, move in|Vu Rare Rare
(Dufrense) Langur troops, ascend sub alpine
forests in search of food
during summers.
Order : Carnivora
Family :CANIDAE
5. Canis aureus Golden Asiatic | Dense forests, open areas, LCnt Common Very Common
(Linnaeus) Jackal shrubs and vicinity of rivers
and reservoir, come out at (WPA
dusk in search of food and Schedule 1)
returns to their shelter at dawn
6. Vulpes vulpes Common Red | Sub-alpine scrub forests, (WPA Rare Rare
(Linnaeus) Fox pastures, rocky area, Schedule 1)
cultivated lands and vicinity
of water sources
7. Coun alpines Indian Wild Moves in packs of rising Vu (WPA Rare Rare
(Linnaeus) Dog (Dhol) rivers, hunts deer,wild goats | Schedule II)
and occasionally domestic CITES
cattle Appendix-I1
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Family : URSIDAE

8. Selennarctos thibetanus | Asiatic Black | Returns to Shelter of (WPA Rare Rare
(Cuvier) Bear Bhagirathi and Bhilangana Schedule 1)
Valley during winters come CITES
out above dusk in search of Appendix-I1
food. Herbivore and
Carnivore
Family : MUSTELIDAE
9. Martes flavigula Yellow- Lives in forest and hunts LC Common Very Common
(Boddaert) thorated alone and avoid areas of
Marten human settlements, Peigon
rats, mice, hares, lizards, eggs
(Chutarale/Khu
rsela)
10. Lutra lutra (Linnaeus) | Common Otter | Was common near the Vu (WPA Rare Rare
(Uad,Ud-bilao) | confluence of Bhagirathi and | Schedule I)
Bhilangana during pre- CITES
impoundment, Now, spotted | Appendix-I
near Ghansali after
impoundment
Family : VIVERRIDAE
11. Viverricula indica Small Indian Found only in the lower Rare (WPA Common Common
(Desmarest) Cat reaches, prefers tall grasslands | Schedule I1)
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12. Paraoxurus Common Palm | Palm and mango trees are Rare (WPA Common Common
hermaphrodites (Pallus) | Civet favourite shelter near villages | Schedule I1)
and agricultural fields
13. Paguma larvat Masked Palm | Lives in the holes of trees, Rare (WPA Common Common
(Hamilton-smith) Civet branches of trees, eats fruits, | Schedule I1)
Masked Palm civet birds and rodents
14. Herpestes edwardsi Indian Grey Lives in open areas scrub land | Uncommon Common Common
(Geoffroy) Mongoose and around cultivated lands
(WPA
Schedule 1V)
Family : FELIDAE
15. Felis chaus Jungle eat Forest edge, dense Shrubs LCnt (WPA Common Common
(Guldenstacat) ] Schedule 11)
(Ban Birau)
16. Felis bengalensis Leopard Cat Forest edge, dense Shrubs, Vu (WPA Common Common
(Kerr) (Chita Billi) around human settlements Schedule 1)
CITES
Appendix-I
17. Panthera pardus Leopard Wide distribution, lives both | Vu Fairly Fairly
(Linnaeus) /Panther in forests and open rocky Common Common
(Tenduwa) areas
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18. Panthera tigris Bagh Hid Table 11.2 Contd. EN (WPA Very Rare (1-2 | Very Rare (1-2
(Linnaeus) Schedule 1) individuals) individuals)
CITES
Appendix-I
Order: Artiodactyla
Family: SUIDAE
19. Sus scrofa (Linnaeus) | Wild Boar Prefers to live in scrubland LCnt Very Common | Very Common
) and grasslands,often raids
(Jungali Suer) cultivated fields, feeds roots,
tubers
Family: CERVIDAE
20. Muntiacus Muntjak Barking Deer | Forests, scrub, grasslands, LCnt (WPA Common Common
(Zimmermann) (kakar, Indian | solitary, moves in twos/three | Schedule 111)
Muntjak) only, altitudinal migrant,
herbivore
21. Cervus unicolor (Keir) | Sambar Prefers to stay in the forests,
open areas near the cultivated
fields, feeds on grasses, LCnt (WPA Rare Rare
succulent’s shoots &wild Schedule 1T)

fruits. Moves in herds
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Family: BOVIDAE

22, Naemorphedus goral Goral (Ghwed) | Prefers to live in rocks & LCnt (WPA Rare Rare
(Hardwicke) steep precipitous slopes, feeds | Schedule I)
on grasses, leaves, succulents | CITES
roots, and shoots, spotted in Appendix-I
areas of higher reaches during
winters only
Order:Lagomorpha
Family: LEPORIDAE
23. Lepus nigricolis Indian Hare Lives in the vicinity of the LCnt (WPA Common Common
(Cuvier) (Black Napped | cultivated areas and pastures | Schedule 1V)
Hare)
(Khargosh)
Order:Rodentia
Family: HISTRICIDAE
24, Hystrix indica (Kerr) Indian crested | Lives in forest, rocky Vu (WPA Common Common
Porcupine hillsides, ejects quills for Schedule 1)
(Soala/ Sahi) killing prey and defence
mechanism
25. Rattus rattus House rat/ Found in and around Lc (WPA Very Common | Very Common
(Linnaeus) Black Rat cultivated fields and human schedule V)
(Musa/chuha) | settlements
26. Mus musculus House Mouse | Found in and around human Lc (WPA Very Common | Very Common
(Linnaeus) settlements, omnivorous Schedule V)
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Order:Lagomorpha
Family: LEPORIDAE

27, Mus buguda (Gray) Little Indian Common in the cultivated WPA Very Very Common
field mouse fields, pastures and open areas | Schedule V Common
28. Bandicota bengalensis | Indian Mole rat | Lives in the vicinity of LCnt Common Common
(Gray & Hardwicke) agricultural fields, burrowing
animal
29. Nesokia indica (Gray & | Short tailed Fossorial, lives in the vicinity | LC Common Common
Hardwicke) Mole Rat of agricultural fields and
human settlements. Feeds
mainly on earthworms, insects
larvae
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MAMMALIAN DIVERSITY IN THE TEHRI DAM ENVIRONS

Panthera pardus Macaca mulatta

Semnopithecus entellus Suncus murinus

Martes flavigula Horpestes edwardsi nyu
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Felis chaus Prionailurus bengalensis

Naemorhedus goral Sus scrofa

Lepus nigricollis Rattus rattus
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Chapter- 12

RECOMMENDATIONS FOR CONSERVATION
AND MANAGEMENT OF FAUNAL DIVERSITY

The construction of Tehri Dam has made major geomorphic transformations in the
major fluvial system of Bhagirathi and Bhilangana. The metarhithronic stretch of these
hillstreams has been converted into a huge reservoir of 2.62 X 10° m® capacity. The
riffles, rapids, runs and cascades of swift water current were converted into deep,
stagnant or, semi-stagnant pools. Major terrestrial habitats in terms of forests patches,
cultivated and semi-cultivated croplands have been inundated by the construction of
the Tehri Dam. Some of the established burrowing habitats and dwellings of wildlife
have been wiped out.

Substantial transformations in terms of fragmentation, isolation and destruction of
freshwater habitats have been caused. A large scale inundation of spawning and
feeding grounds of fishes has been resulted. River edges and riparian corridors were
eroded. Migration channels of migratory fish species have been chocked due to
impoundment. Thus, there have been several direct and indirect impact of Tehri Dam
construction, which resulted in cumulative and synergetic impacts in terms of
impairments of ecosystem function, alteration in composition of biodiversity
(Fig.12.1).

The major faunal components disturbed by the impoundment were the migratory and
endangered fish species, the Mahseer (Tor tor; Tor putitora). The migration route of
the Mahseer was obstructed due to construction of high dam (260.5m above river bed).
Provision of fish ladder in such a high dam was also not an appropriate solution.
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However, the natural flow was completely blocked in October 2005 by the closure of
last tunnel. Thus, the migration process of Mahseer was obstructed and the population
was fragmented. Fragmented populations of Mahseers are still surviving in the
Reservoir.

Another, important aquatic animal, which was disturbed by the Tehri Dam
construction was common Otter (Lutra lutra). It was commonly present in pre-
impoundment habitats. Now, the population has shifted towards Ghansali near the
confluence of Balganga and Bhilangana and in the Bhagirathi near Dharasu.

The burrowing terrestrial mammal, the Porcupine (Hystrix indica) and other burrowing
animals have also lost their established dwellings as a consequence of impoundment.
However, the presence of these animals outside the periphery of the reservoir is
common. Some of the natural dwellings of the reptiles have also been lost due to
impoundments.

Some of the faunal elements like Monkey (Rhesus macaque), Wild Boar (Sus scrofa)
have considerably increased in the Tehri Dam environs after impoundment due to
creation of new habitats and availability of food.

A significant addition of aquatic birds to the avian diversity and considerable increase
in the population of other terrestrial birds is a positive impact of Tehri Dam
construction. Establishment of Botanical Garden and new plantations in the periphery
of the reservoir have provided compensatory habitats for the birds and other wildlife.

RECOMMENDATIONS:

For minimizing the adverse impact of impoundment on faunal diversity, following
remedial and ameliorative measures have been recommended for the conservation and
management of faunal diversity.

EX-SITU CONSERVATION:
Establishment of Mahseer Hatchery:

In compliance with the recommendations of Zoological Survey of India (Northern
Regional Station), the THDC India Ltd has constructed a Mahseer hatchery 22 km
downstream to Tehri Dam, near Koteswar at an altitude of 630m above m.s.l in 2004
for the rehabilitation and propagation of Mahseer.

The hatchery is having 18 tanks including 10 rearing tanks, 4 fingerlings tanks, 2 adult
tanks and 2 brooder’s tanks. The hatchery has the capacity of 3.0 lakhs seeds. A total
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of 30 brooders were introduced in the hatchery in 2004-05 and these have become 210
in number weighing 1.5 kg to 1.75 kg. Supplementary food is being given to these
fishes in the hatchery under expert guidance. More than 45,000 seeds of Mahseers
were also introduced in the Reservoir during 2008-09. Growth of the Mahseer in the
deep reservoir could not be assessed. However, the presence of Mahseer in the
periphery and mouth zones of the reservoir has been recorded.

Thus, Mahseer hatchery is playing an important role in ex-situ conservation of the
endangered fish Mahseer.

Establishment of the Botanical Garden:

Botanical garden has also been established by THDC India Ltd complying the
recommendations of Botanical Survey of India and commitment for conservation of
plant species submerged in the Reservoir. It has been established near
Bhagirathipuram in an area of 14.28ha at altitude between 800-1000 m above m.s.l. in
2002. More than 225 species of medicinal and economically important plants are
thriving well in this Botanical Garden. In addition to conservation of plant species, this
garden is providing a natural habitat for birds and wildlife for their ex-situ
conservation. Compensating afforestation around the reservoir has also provided
additional habitats for terrestrial fauna and playing an important role in ex-situ
conservation of faunal diversity. It was noticed that there is lack of water availability
in Botanical Garden for wildlife.

Therefore, it is recommended for the construction of atleast 10 traditional khals/chaals
(natural water tanks of size 5mx3mx1.5m) for storing rainwater in the entire area of
Botanical Garden. It will recharge the dried water springs and provide water to plants,
wildlife and birds.

IN-SITU CONSERVATION:

For minimizing the adverse impact of impoundment, some remedial and ameliorative
measures have been recommended for in-situ conservation of faunal diversity in the
Tehri Dam environs.

e Habitat Restoration:

Damaged or degraded habitats should be restored based on the principle of integrated
hydrology, geomorphology and ecology of the entire watershed. Aquatic habitat
enhancement should be undertaken integrating the natural channel design techniques,
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aquatic vegetation restoration, and more traditional hydraulic and channel design
engineering practices.

¢ Functional Habitat Recovery:

‘Functional habitat’ is a tool for evaluating the heterogeneity of existing aquatic
habitats. It is a core biotope in a freshwater ecosystem. “Functional habitat” recovery
in the post impoundment habitats is possible by physical reconstruction in terms of
widths, depths, velocities and habitat edges based on the geomorphological principles
for maintaining the habitat diversity. Thus, the action on functional habit recovery is
recommended.

e Restoration of Riparian Corridor:

Riparian vegetation, stream bank geomorphology, overgrazing vegetation, undercut
banks and hill slope vegetation of Bhagirathi and Bhilangana rivers (pre-
impoundment) have been drastically altered by the construction of Tehri Dam.
Riparian vegetation moderates water temperature, provide habitat cover, and helps in
stability embankments. Afforestation of hillslopes of the periphery of reservoir will be
instrumental for reducing the capacity of weathering and erosion. Thus, the restoration
of the riparian corridor is strongly recommended.

e Principle of Minimum Environmental Flows:

Defining minimum environmental flows requirements downstream to dams presents
one of the problems of aquatic biodiversity and their management almost all over the
world. Therefore, THDC India Ltd. should ensures release of optimum environmental
flows for sustenance of the freshwater faunal diversity of the downstream habitats of
Tehri Dam.

e Mitigation of Erosion and Sedimentation in the Reservoir:

Accumulation of debris/ sediments at the base of the reservoir affects not only the
storage capacity but also many biological processes. Some water level management
practices can minimize erosion and sediment deposition in the Tehri Dam Reservoir
during known periods of high sediments. Thus, these practices of water level
management are recommended for mitigation of erosion and sedimentation in the
reservoir.
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e Destratification of Deep Water:

Tehri Dam Reservoir has a big water column (> 185 m) making stratification in terms
of reducing temperature and dissolved Oxygen through depth. Hypolimnetic
discharges, air bubbling and mechanical pumping between the hypolimnion to
generate water movement and the various methods are recommended to prevent
stratification in the deep water column. Aeration of the hypolimnion through oxygen
can also be tried.

e Facilitation of Downstream Movement of Fish:

The Tehri Dam is also a barrier to downstream passage of juveniles and adults that
have spawned in upstream areas or that are on their downstream spawning migrations.
A variety of downstream physical screening devices has been used to prevent fish
from passing through the turbines. Thus, installing these devices are recommended for
facilitation of downstream movement of fish.

e Control of Eutrophication:

There is strong evidence that, in time, Tehri Dam reservoir will develop an excessive
growth of aquatic weeds in the periphery, which will adversely affects freshwater
faunal diversity. To cope with this problem, introduction of herbivorous native fish
species (Schizothorax richardsonii, Garra gotyla gotyla , Crossocheilus latius) and
few exotic species (Ctenopharyngodon idella) and silver carp (Hypophthalmicthys
molitrix) has been recommended in the Reservoir for biological control of
eutrophication.

e Lower River/Stream Habitat Enhancement Programme:

Downstream habitat enhancement programmes can also be promoted through
construction of check dams, weirs, logs, rock/cross veins, flow constrictors, and
boulders, clusters for providing habitat diversity.

e Development of Landing Islands for Migratory Birds:

Many migratory birds have attracted due to creation of a big water body for their
winter stay. An effort should be made to develop landing islands at the appropriate
sites for the migratory birds for their winter stay.
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e Promotion of Public Awareness:

Promotion of public awareness among the masses is of paramount importance for the
conservation and management of faunal diversity. Therefore, public awareness
campaigns should be launched.

e Integrated Efforts for Conservation and Management :

Integrated efforts involving every stakeholder- THDC India Ltd., public
administration, local inhabitants, policy makers, environmental biologists, freshwater
biologist, geologists, policy makers, government and non-government functionaries
should be undertaken for conserving and managing the faunal diversity of the Tehri
Dam environs.

e Adoption of Adaptive Management:

Strategy of adaptive management should be promoted for effective conservation and
management of faunal diversity with the regular monitoring of changes in ecosystem
function and faunal diversity of Tehri Dam environs.

e Faunal Survey after Every Five Years:

The last, but not the least, it is strongly recommended that the THDC India Ltd.
should carry out a detailed faunal survey to assess the faunal and ecosystem changes in
the Tehri Dam environs after every five years. This is necessary for opting the strategy
of adaptive management. Future strategies can accordingly be planned based on the
results indicating improvement or degradation of ecosystem functions and enrichment
or loss in faunal diversity of the Tehri Dam environs.
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Ex-situ Conservation of Faunal Diversity

Mahseer Hachery at Koteshwar Inspection of Mahseer hatchery

Botanical Garden New habitats for Wildlife at
Botanical Garden
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(b)

©

sustainable rejuvenation, protection and management of River Ganga and its tributaries and notifying the same
and take or direct all such measures necessary to maintain adequate ecological flows;

to specify the average flow of water at specified points through Hydrological Observation Stations of the River
Ganga;

to devise a system for continuous monitoring of flow of water in the River Ganga and its tributaries;

And whereas the Central Government has decided to determine certain flows in the River Ganga and its
tributaries;

Now, therefore, in exercise of the powers conferred by sub-section (3) of section 3 of the Environment
(Protection) Act 1986 and read with sub paragraph (3) of paragraph 39 and item(h) of sub-paragraph(2) of
paragraph 41 of the River Ganga (Regjuvenation, Protection and Management) Authorities Order, 2016, the
Central Government hereby notifies the following minimum environmental flows to be maintained at locations
downstream of structures or projects meant for diversion of river flows for purposes like irrigation, hydropower,
domestic and industrial and other requirements, namely:-

Upper Ganga River Basin Stretch starting from originating glaciers and through respective confluences
finally meeting at Devaprayag up to Haridwar:

(%) Percentage of
o Seson Months Sbcenves ctng each of
preceding 10-daily period
1 Dry November to March 20
2 Lean October, April and May 25
3 High Flow season June to September 30

*# 30% of monthly flow of High flow season.

Stretch of main stem of River Ganga from Haridwar, Uttrakhand to Unnao, Uttar Pradesh

Minimum flow releases Minimum flow releases
immediately downstream of immediately downstream of
_ barrages barrages
Location of
S.No. Barrage (In Cumecs) (In Cumecs)
Non-Monsoon M onsoon
(October toMay ) (June to September)
Q) Bhimgoda 36 57
(Haridwar)

2 Bijnor 24 48
©)] Narora 24 48
4 Kanpur 24 48

Cumec — Cubic Meter per second.
The above said ecological flows are subject to the following, namely:-

(i) the compliance of minimum environmental flow is applicable to all existing, under-construction and
future projects;

(i)  the existing projects, which currently do not meet the norms of these environmental flows, shall
comply and ensure that the desired environmental flow norms are complied within a period of three
years from the date of issue of this order;
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(i)

(iv)

v)

(vi)

(vii)

(viii)

the project which is at different stages of construction, where physical progress on ground has been
initiated and made and reported to appropriate authority shall also make necessary provisions to
maintain the stipulated environmental flow before and after commissioning of the project;

the mini and micro projects which do not ater the flow characteristics of the river or stream
significantly are exempted from these environmental flows;

to ensure the release of desired quantities of water to maintain environmental flows, flow conditionsin
these river reaches shall be monitored at hourly intervals from time to time;

the Central Water Commission shall be the designated authority and the custodian of the data and shall
be responsible for supervision, monitoring, regulation of flows and reporting of necessary information
to the appropriate authority as and when required and also authorised to take emergent decisions about
the water storage norms in case of any emergency. The Central Water Commission shall submit flow
monitoring-cum-compliance report on quarterly basisto National Mission for Clean Ganga;

the concerned project developers or authorities shall install automatic data acquisition and data
transmission facilities or required necessary infrastructure at project sites at appropriate locations
specified by the Central Water Commission within six months from the date of this order. The
installation, calibration, maintenance of flow monitoring facility shall be the responsibility of the
project developers or authorities and they shall submit the data to the Central Water Commission from
timeto time;

the Central Government through National Mission for Clean Ganga may direct release of additional
water in the River Gangato meet special demand as and when required.

The concerned Central and State authorities shall implement demand side management plans to reduce
water withdrawal from River Ganga by adopting good and scientific practices such as efficient method of
irrigation, reuse and recycle of water including monitoring and regulation of ground water withdrawals for
various purposes.

This Order shall come into force on the date of its publication in the Official Gazette.

This Order shall apply to the upper Ganga River Basin starting from originating glaciers and through
respective confluences of its head tributaries finally meeting at Devaprayag up to Haridwar and the main
stem of River Ganga up to Unnao district of Uttar Pradesh

[F. No.- Estt.01/2016-17/111/NMCG(Val 111)]
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