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PREFACE

India is blessed with a highly variable natural continuum from snow clad high
mountain ranges of the Himalaya to sea coasts of sandy, muddy, rocky, shingle and
coralline nature through forests, grasslands, deserts, wetlands, mangroves and coral
reefs. Covering the terrestrial part of the Indian territory in the south and west,
there is a marine water-spread of variea depth with islands and archipelagoes of
various configuration. In ecology, each of these are classified as ecosystem which is
defined as a dynamic complex of interactive and interdependent biotic communities
and their abiotic environment, functioning as an unit within a definable boundary.

However, there is no satisfactory and universally accepted definition and
classification of ecosystem since variations and gradations between ecological
communities are yet to be adequately and properly understood. As such, there is no
unanimity in identifying ecosystem boundary. In reality, there is no discrete
discontinuous unit in natural environment. Therefore, an ecosystem may be as large
as biogeographic regions or as small as natural habitats and ecosystem diversity is
considered at three levels—biogeographic regions, biotic provinces and biomes.

Ecosystems are usually demarcated on the basis of natural habitat classification on
the physical characteristics and general appearance like forests and grasslands. They
are also classified on the basis of geographical and geological features like mountains,
islands, etc. Considering all these, the present publication incorporates eighteen articles
on selected Indian ecosystems and their diversity at three levels as stated above,
written by the concerned experts. These articles cover all the major natural habitats
of India, namely, forests, grasslands, deserts, wetlands (including estuaries),
mangroves, coral reefs and marine as well as geographical and geological features
like high mountain ranges and the islands. The articles also include two significant
biogeographic regions—Western Ghats and Deccan Peninsula and several biotic
provinces : Trans-Himalaya, North-West Himalaya, Western Himalaya and Eastern
Himalaya including North-East India. One important ecoregion, the Eastern Ghats
has also been dealt with. A few of the articles are abridged and edited for keeping
uniformity of the book.

We would like to thank all the authors and co-authors of the articles for their
timely contributions, to Shri Rati Ram, Publication Production Officer, ZSI, for his
assistance in printing the document and to Shri Nikhil Bhowmik, ZSI for redrawing
several text-figures. We would like to thank to Shri Biswajit Roy Chowdhury, Nature,
Environment & Wildlife Society, Kolkata and Shri Amit Ray, Kolkata for providing
their photographs for this publication.

The Focal Point of Environmental Information System (ENVIS) in the Ministry of
Environment & Forests, Government of India has provided financial support for the
publication of this book, for which we are extremely grateful.

We hope this publication will serve as a valuable source of information for all
concerned as well as for preparing National Biodiversity Strategy and Action Plan of
this country.

JR.B. Alfred
Kolkata AXK. Das
March, 2001 AK. Sanyal
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Mountains : Eastermm Himalaya

J.R.B. ALFRED, S. CHAKRABORTY AND A.K. Das

Zoological Survey of India
Kolkata-700 053

1. INTRODUCTION Yarlungtsangpo—Brahmaputra george below

Namche Barwa Peak (7,756 m) in the east,

) ) between 26°20°-35°40" N latitudes and 74°50’-

The Himalaya is the great range of 95°40" E longitudes (Ives and Messerli, 1989).

mountains that spreads over a west-northwest The Himalaya may be divided geographically
to east-southeast distance of about 2500 km, into (1) the Eastern or the Assam Himalaya,
covering political administrative regions of (2) the Central or the Nepal Himalaya, (3)
Afghanistan, Pakistan, India Nepal, Bhutan the Kumaon or the Western Himalaya and

and China. It extends from the Indus Trench (4) the North-West or the Punjab Himalaya
below Nanga Parbat (8,125 m) in the west to (Mani, 1974).

1 — Trans- Himalaya
2 — North-West Himalaya
3 — Western Himalaya

4 (A-C) - Eastern Himalaya

‘ ~

N N
6p4< \"_

Ne= N RN e
~ B HUTAN e
Brahmaputra

Fig. 1 : Biogeographic divisions of Indian Himalaya (only coloured area dealt with in the article)



ALFRED at el. : MOUNTAINS : EASTERN HIMALAYA

The Himalaya, lying within the Indian
territory has a width varying from 250 to
300 km and covers fully or partially 12 states
of India, namely, Jammu & Kashmir, Himachal
Pradesh, Uttaranchal, Sikkim, West Bengal,
Arunachal Pradesh, Assam, Nagaland, Manipur,
Mizoram, Tripura and Meghalaya. It occupies
531,250 km? area, spreading between 21°57'-
37°5'N latitudes and 72°40°-97°25" E
longitudes, constituting about 16.6% of India’s
total geographical area (Nandi et al., 2000).

Ahmad et al. (1990) divided Indian
Himalaya into three main regions, namely, (1)
Western Himalaya, which includes Jammu &
Kashmir and Himachal Pradesh, (2) Central
Himalaya which includes Garwal and Kumaon
Division of Uttar Pradesh now known as
Uttaranchal (8 hill districts) and (3) North-
Eastern Himalaya which includes Assam
(part), Meghalaya, Arunachal Pradesh, Sikkim,
North Bengal, Manipur, Tripura, Nagaland and
Mizoram. According to Rodgers and Panwar
(1988), the Indian Himalaya as demarcated by
Ahmad et al. comes under 3 biogeographic zones
and 6 biotic provinces as presented in Table 1.

This is to mention here that, the biotic
province, Brahmaputra valley which includes
about 83% of Assam is excluded from the
Indian Himalaya.

Recently the Indian Himalaya has been
divided orographically into three “regional
divisions” (Nandi et al. 2000) based on
population features and vegetation elements.
These are : (i) Western Himalaya, which
includes Kashmir Himalaya and Himachal
Himalaya (ii) Central Himalaya, which includes
U.P. Himalaya, i.e., Uttaranchal and (iii)
Eastern Himalaya, which includes Sikkim and
Darjeeling Hills and, “Purvanchal” (7 North-
eastern States).

Considering both geographic and
biogeographic divisions discussed above, the
Indian Himalaya is divided into four zones
as follows for the convenience of biodiversity
analysis of the mountain ecosystems of India.

1. Trans-Himalaya which includes upper
region of Jammu & Kashmir and Himachal
Pradesh as in Table 1.

2. North-West Himalaya which includes
Jammu & Kashmir and Himachal Pradesh
excluding the Trans-Himalayan part.

Table 1. Biogeographic divisions of Indian Himalaya
Biogeographic zone Biotic Provinces State % of State
1. Trans-Himalayan Upper regions Jammu & Kashmir | 81
Himachal Pradesh 11
2. Himalayan North-West Himalaya Jammu & Kashmir 18
Himachal Pradesh 52
West Himalaya Himachal Pradesh 34
Uttaranchal 100
Central Himalaya Sikkim 100
West Bengal (Darjeeling district) 5.6
East Himalaya Arunachal Pradesh 100
3. North-East India North-Eastern Hills Assam 17
Manipur 100
Meghalaya 100
Mizoram 100
Nagaland 100
Tripura 100




3. Western Himalaya includes Uttar
Pradesh Himalaya (now known as
Uttaranchal)

(= Central Himalaya, demarcated by
Ahmad et al. 1990 and Nandi et al. 2000).

4. Eastern Himalaya, covering 3 biotic
provinces, viz., Central Himalaya, East
Himalaya and North-Eastern Hills under 2
biogeographic zones, viz.,, Himalayan (part)
and North-East India (Table 1).

(= North-Eastern Himalaya, demarcated
by Ahmad et al. 1990 and Eastern Himalaya,
by Nandi et al. 2000).

In this context, the present article deals
with biodiversity of the Eastern Himalaya as
mentioned above. Geographically this region
includes both “Assam Himalaya” (the portion
between the Himalaya lying in Sikkim and
Namcha Barwa Peak in Arunachal Pradesh)
and North-Eastern Hills, viz., Naga, Patkai,
Khasi, Jaintia, Garo, Lusai and Mikir Hills.
Moreover, for the sake of convenience
biodiversity aspect of the Brahmaputra valley
is also discussed under the present chapter.

Because of exceptional concentration of
species with high level endemism and rapid
rate of their depletion, Myers (1988)
considered the Eastern Himalaya as one of
the “Hotspots” of the world. In reality, this
part of the Himalaya, with plains and hills of
variable height, abundant rainfall, varied
climatic features and lush vegetation provides
wide gamut of habitats for numerous and
diversified life forms. Richness in biodiversity
is further enhanced as this region served as
the biogeographic ‘gateway’ for much of the
Indian flora and fauna. However, natural
calamities, felling, hunting, shifting cultivation,
refugee problem, developmental activities and
others are altering the various habitats of the
area and thereby depleting the biodiversity
at a more and more faster rate.

2. DESCRIPTION AND PHYSIOGRAPHY

The Eastern Himalaya includes political
boundaries of Sikkim (7096 km?), Arunachal

ECOSYSTEMS OF INDIA

Pradesh (83743 km?), Assam (part) (15322
km?), Manipur (22,327 km?), Meghalaya (22,423
km?), Tripura (10,491 km?), Mizoram (21081
km?), Nagaland (16570 km?) and Darjeeling
district of West Bengal (3149 km?). However,
opinions differ regarding the limits of Eastern
Himalaya as a biogeographic zone. While some
workers include Sikkim, Darjeeling district of
West Bengal and Arunachal Pradesh under
Eastern. Himalaya, yet others include only
Arunachal under Eastern Himalaya and treat
Sikkim-Darjeeling under Central Himalaya. In
the present article, as accepted by a majority
of biogeographers, Sikkim, Darjeeling (West
Bengal) and Arunachal Pradesh are treated as
a part of the Eastern Himalaya along with
North-Eastern hills as discussed earlier.

The stretch of the Eastern Himalaya
(covering the Central and Easter Himalayan
biotic provinces) approximately runs to 850
km. Here the Himalaya rises rather abruptly
from the plain and hence the sub-Himalayan
zone is not distinct as compared to the
Western Himalaya. This region is also more
mesic. The high degree of precipitation is due
to abruptly rising hills that directly confront
the moisture laiden monsoon wind, blowing
from the Bay of Bengal. The special horse-
shoe shaped arrangement of the fold of the
mountains ensure plenty of rains in most of
the places. Alongwith the region of high
rainfall, there are also regions with moderate
to low rainfall, which account for a different
vegetation types. The altitude ranges from
1500 m to the lofty ice-capped mountains of
Kanchenjunga (8598 m).

The Eastern Himalaya, covering North-
Eastern Hills biotic province represents
the transition zone between Indian, Indo-
Malayan and Indo-Chinese biogeographic
regions as well as the meeting place of
Himalayan mountains with that of Peninsular
India. The region experiences heavy rainfall,
frequent flood and landslides. The average
rainfall in the sub-Himalayan ranges in Assam,
Manipur and Tripura is 300 cm, but the
rainfall pattern in the region highly varies



ALFRED at el. : MOUNTAINS : EASTERN HIMALAYA

from over 1100 cm at
Cherrapunji and Mawsyangram
(the world’s raniest spots) to
230 cm at Shillong which is
only 50 km north of
Cherrapunji. Rainy season is
characterised by humidity
which favours rapid growth of
vegetation. Summer (March-
June) temperature over the
hills varies from 5°-30°C and
that in the foothills ranges
from 12°-35°C. Winter months
(December-March) are
characterised by heavy dewfall
and misty nights, and frost at
higher elevations. The region is
composed of two principal
valleys-The Brahmaputra and
Surma. The Surma valley is a
level plain through which flows
the river Surma, rising on the
southern slopes on the
mountains along the border of
Naga Hills. The Brahmaputra
valley, drained by river Brahmaputra, is 750
km long and roughly uniform 80 km wide
alluvial plain bounded on the north by the
Himalaya of Arunachal and Bhutan, on the
east by Naga and Pakoi hills and on the
south by Khasi, Jaintia and Garo Hills of
Meghalaya. The valley is intensively cultivated
and considerable areas of it is inundated
during monsoon. In the north of Brahmaputra
valley, the Himalaya is traversed from east
to west by the rivers Luhit, Dibang, Siang
and Subansiri. The eastern hill ranges are
composed of the relatively narrow Patkoi Hills
with a mean elevation of 1200 m. In the
south, they are broaden out to form Naga
Hills. Doiang is the main river of the area.
The Manipur Plateau drained by the river
Manipur, is situated south of Naga Hills. The
Lushai Hills extending southwards from
Manipur are disposed at a north south
direction with Tlong, Sonai, Tuivol, Karnaphul:
and others as the main rivers. In the south

Fig. 2 : Where glacier is melting

of Brahmaputra valley, from west to east are
the Garo, Khasi and Jaintia Hills of
Meghalaya. The southern and central parts of
Meghalaya comprise the Shillong Plateau. On
the east, Mikir Hills project into the
Brahmaputra valley from the Hill ranges of
Meghalaya.

3. BIOLOGICAL DIVERSITY

3.1 Ecosystem/Habitat Diversity

The Eastern Himalaya is adorned with
diverse ecosystems like forests, grasslands and
wetlands including marshes, swamps, beels
and lakes, streams and rivers, each of which
comprises of a great variety of habitats.

3.1.1. Forests : The Eastern Himalaya
abounds in forests. The forests in the region
are of 4 major types, viz., the tropical, the
temperate, the subalpine and the alpine, each
with numerous subtypes. Distribution of
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different types of forest in different states of

the Eastern Himalaya is shown in Table 2. agg
(<]

However, regardless of type, forests possess SEL] . L o4 o4& o o+ % ;
8 YP poas 26%
large above-ground biomass and provide s

numerous niches.

Tropical vegetation typically occurs up to
900 m and includes evergreen, semievergreen
and deciduous forests, grasslands and swamps.
Tropical evergreen forests may extend up to
1000 m and are found in the Assam valley, in
the foothills of Himalaya and in the lower
parts of Naga Hills and Manipur where
rainfall and humidity are very high. Tropical
evergreen forests exhibit distinct stratification
with top storey consisting of tall trees of
Dipterocarpus retusus, Artocarpus chama, etc. Trees
are heavily plastered with lichens and
festooned with climbers and epiphytes.
Depending upon location and precipitation,
these forests also harbour a number of
semievergreen trees. Tropical evergreen and
semievergreen forests represent one of the
major ecological types in the zone with a rich
floristic diversity. The vegetation seems to be
of a climatic climax type. The middle storey
is characterised by the preponderance of
Mesua ferrea, Endospermum diadenum, Ficus Spp.,
etc. The third storey wherever evident,
consists of trees of 5 to 10 m high and the
main components in this category are Premna
bengalensis, Carallia brachiata, Hibiscus
macrophyllus, etc. In moist areas particularly in
valleys, these forests are often interspersed
with various bamboo species. Ferns and
orchids are quite conspicuous epiphytic species
in these forests.

Meghalaya | Mizoram | Nagaland| Sikkim | Tripura

Manipur

Arunachal
Pradesh

Assam

The tropical deciduous forests occur in
areas like Goalpara, Kamrup, Nowgang,
Darrang and northern lower slopes of Garo
and Khasi Hills, where rainfall is less than
150 em. Important tree species are Shorea
robusta, Tectona grandis, Sterculia villosa, etc.
Albizia spp. are also in abundance but in
scattered form. A distinct second storey of
Aporusa octandra, Careya arborea, Rhus semilata
are also not uncommon. Shrubby layer is often
gregarious and forms impenetrable thickets

Table 2. Distribution of major forest types in the different States of the Eastern Himalaya

Tropical Semi-Evergreen
Tropical Moist Deciduous
Sub Tropical Broadleaved Hill
Montane Wet Temperate

Tropical Wet Evergreen
Sub Tropical Pine

Sub Alpine

Dry Alpine Scrub
Moist Alpine Scrub

Forest types
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during rainy season. The lianas and ephiphytic
flora is extremely low. Introduced weedy
species of the genera Eupatorium, Mikania,
Galinsoga, Lantana can be seen during dry
season. Most of the deciduous forests in this
part are not the typical natural deciduous
forests but are only subclimax, man-made
forests. Tropical bamboo forests form pure
stand in many localities of Eartern Himalaya,
but these are also not natural and appear in
Jhum fallows of 25-50 years.

Subtropical forest typically covers the
elevation from 900-2000 m with an average
rainfall of 150-500 c¢m. Subtropical evergreen
and semievergreen forests are climatic climax
forests and seen in scattered valleys, banks

of rivers and in pockets on hills. Trees are
generally short and bushy in appearance. The
stratification is not well marked. Undergrowth
is almost impenetrable. Common tree species
are Callicarpa spp., Castanopsis tribuloides, Ficus
elastica, Schima wallichi, Magnolia insignis,
Michelia spp., etc. Subtropical pine forests are
found at higher elevation (1200-2000 m) along
the hill slopes of Arunachal, Sikkim, Darjeeling,
Manipur, Nagaland and Meghalaya. These are
climax forests of secondary nature. Pinus kesiya
is the principal species occurring in almost
pure stands. Occasionally broad-leaved species
like Rhododendron arboreum, Schima wallichi,
Engelhardtia spicata, efc., are associated. The
forest floor, covered by thick mat of pine

Fig 3 : Alpine malow in bloom



leaves which supports the growth of shrubby
and herbaceous species.

Temperate forests chiefly occupy the areas
between 1800-3500 m with high rainfall (200-
500 cm) in Sikkim, Darjeeling, Arunachal,
Shillong plateau, Nagaland, Lushai and Mikir
Hills. In comparatively lower region, mixed
forest of Acer, Betula, Jugulans, Magnolia,
Michelia, Rhododendron and others characterised
the hill tops and valleys. At higher region,
the temperate forests are dominated by the
genera, Pinus, Tsuga, Abies, Cupressus, etc. These
coniferous belts are also associated with
broad-leaved plants like Rhododendron, Pyrus,
Acer and others. Epiphytic flora is

exceptionally rich as almost all the trees are
heavily covered with a layer of epiphytes.

ECOSYSTEMS OF INDIA

Fern flora dominates over flowering plants.

The temperate vegetation in Khasi and
Jaintia Hills in the form of “Sacred forests”
at Shillong peak, Mawpholong and Mowsmai
are most significant from the point of
conservation. These forests are relict types and
are left in small pockets untouched due to
religious belief and myths. “Sacred forests”
are rich storehouses of vegetal wealth. Many
rare and endangered species of the region
are also now finding a refuge in these sacred
forests. Dominant species of “Sacred forests”
belong to the genera Castanopsis, Photinia,
Eriobotrya, Pyrus, Prunus and Sorbus. Primitive
flowering plants, viz., Coryloposis himalayana,
Exbucklandia populnea, etc., are common. The
forest floor has a thick mat of litter.

Fig 4 : Alpine zone with Rhododendrons. Silver in foreground and nival snowcapped mountain peaks behind
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Subalpine forests usually range between
3500-4200 m altitude of Sikkim, Darjeeling,
Arunachal, and also in Nagaland and Manipur.
Tree species are very poor and mostly
represented by Abies, Betula and rarely
Juniperus. Bushy and herbaceous species
belonging to the genera Berberts, Cotoneaster,
Ribes, Rhododendron and Salix are conspicuous.
Aerial portion of many of these plants die
off during severe winter and heavy snowfall.

Alpine vegetation occurs between 4200-5500
m in Arunachal and Sikkim. The vegetation is
strikingly composed of low shrubs and herb;
trees are wanting and the region resembles a
moorland. Rhiododendron  anthopogon, R.
campanulatum, R. nivale, R. pumilum, Printula
sikkimensis, P. glabra, Sedum spp., Bergenia spp.,
e¢tc., are common. The Nathula region
of Sikkim is more humid and
characterised by gregarious patches of
ornamental Prinuda calderiana and Rheum
nobile, while southwest Sikkim shows a
strong admixture of western Himalaya
and Tibetan species, particularly
belonging to the families Arecaceae, |
Primulaceae, Asteraceae, Rosaceae, cic.

3.1.2. Grasslands Tropical
grasslands occur in ripararian flats
inundated by flood water of river
Brahmaputra. Grasses are tall and
belong to the species of Saccharum,
Anthisteria, Erianthus, Setaria, Arundinella
and a few others reaching as high as
5 m. These grasslands are also not :
climax type but resulted from the [&
removal of original forest cover by the
combined effect of frequent heavy
floods, fire, tree-felling, and grazing.
The grassland area of the Kaziranga

represents a combination of grasslands,
swamp forests and marsh, which form the

ideal habitat of one-horned rhino. The tropical
grasslands are different from those in the
higher elevation of Shillong plateau and lower
parts of North Cachar and Mikkir Hills, where
the rolling grasslands are composed of much
shorter grasses at the ground level.

4

3.1.3. Cultivated Fields and Human
Habitations : These are diffused throughout
the area, either continuous for long stretches
in the plains or arc isolated patches in the
mountancous regions. Of these, Jhum fields
deserve special mention. Shifting cultivation
(Jmon) in hill section is a common landuse.
The process involves cutting of tropical and
subtropical forests, burning, growing mixed
crops and fallowing to regenerate the
productivity of soil. The traditional 20-30
years or more of [l cycle has now been
reduced to 4-5 vears or even less in many
areas, thereby reducing crop productivity and
regenerating capacity of soils. Along with
these, changes are also brought about in the
biota of the soils. Total area affected by the

Fig 5 : Ridges with pristine forest tract and jhum field in Mizoram

shifting cultivation in some states ot Fastern
Himalaya is shown in Table 3.

3.1.4. Wetlands : The swamp or marsh
vegetation is a typical feature in the warm,
humid Assam valley. There are innumerable
stagnant ponds in the region speciallv in
Goalpara, Kamrup and North Lakhimpur,
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Fig 6 : Temporary bog as splashed by melted snow in Sikkim

These ponds or ‘beels’ support a rich diversity
of aquatic angiosperms mainly belonging to
the families Nymphaeaceae, Lemnaceae,
Araceae, Poaceae, ctc. Euryale ferox with large
orbicular leaves covering the water surface is
very common in Kamrup. In fact, entire
Eastern Himalava is dotted with numerous
wetlands. The details of some major wetlands
in different states of Eastern Himalava are
summarised in Table 4 along with their
ecological category.

3.1.5. Streams and rivers : Entire Eastern
Himalava is ornamented with numerous
streams. Upland headwaters streams are small,
shallow, usually swift and cold. Production,
although high, is dependent upon the

Table 3. Cumulative area (in million
hactre) affected by the shifting

cultivation in 7 States of the Eastern |

Himalaya (Anon. 1999). \

States Cumulative area
(1987 to 1997)
Arunachal Pradesh 0.23 |
| Assam 0.13
Manipur 0.36
Meghalaya 0.18
Mizoram 0.38
Nagaland 0.39
Tripura 0.06
Total 1.73



Table 4. Distribution of major wetlands (over 100 ha) in the different States of the Eastern Himalaya
(Adopted from MoEF, 1990)

State SI. No. Name of Name of Name of nearest Lat. Long. Area Ecological
District Wetland Town/Village (ha) Category
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Arunachal 1. Kameng Pakhui (N) Tejpur 26750 92700’ 20,000 Freshwater
Pradesh 2. Subansiri Talley Valley (N) Hapoli 28"30 94700’ 200 Freshwater
Assam 3: Dibrugarh Ladkhowa Ghats (N) | Saikhowa 26727 92°35° 2,800 Freshwater
4. Goalpara Dalani Beel (N) Calanta Para 26°15° 90°35' 200 Freshwater
B. Goalpara Dhir Beel (Nj Chapper 26715 90°25 450 Freshwater
6. Goalpara Chandakhal Beel (N)| Dhubri 26700 89755 250 Freshwater
7 Goalpara Hahilia Beel (N} Goalpara 26°10' 90735’ 400 Freshwater
8. Goalpara Kanar Beel (N) Haripani 26717 9040 450 Freshwater
9 Goalpara Medo Beel (N) Majadar Hat 26700 90705 300 Freshwater
10. Goalpara Sareswar Beel (N) Gouripur 25°55" 90°05 350 Freshwater
11 Goalpara Tamaranga Beel (N) | Haripur 26°17° 90°40° 500 Freshwater
12. Goalpara Urpad Beel (N} Solmari 26715 9040 1000 Freshwater
13. Kamrup Andheri Beel (N) Chatgano 26°00° 91740 200 Freshwater
14 Kamrup Chand Dubi Beel (N)| Pabsabari 26725 91°25° 1500 Freshwater
15 Kamrup Dipor Beel (N) Guwahati 26707 91740’ 1000 Freshwater
16. Kamrup Laothann Swamps (N)| Mukalana 26°20° g2°2%’ 260 Freshwater
17 Karbi Anglong| Amreng Beel (N) Diphu 25°50' 93%25&' 150 Brackish water
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Table 4. (contd.).

State Sl. No. Name of Name of Name of nearest Lat. Long. Area Ecological
District Wetland Town/Village (ha) Category
(1) (2) (3) (4) (5) (6) (7) (8) (9)
18. Karbi Anglong| Daldali Swamps (N) | Diphu 25°50’ 93°25'’ 150 Brackish water
19. Karbi Anglong| Disama Beel (N) Diphu 150 Brackish water
20. Naogaon Joysagar (N) Silghat 26°35’ 92°55’ 173 Freshwater
21. Naogaon Kaziranga Swamps (N] Jorhat 26°30’ 93°05’ 28,500 Freshwater
22. Sibsagar Arimora (N) Kohara 26°40’ 93°25’ 168 Freshwater
23. Sibsagar Baguri Bor (N) Baguri 26°30’ 93°15’ 110 Freshwater
Manipur 24. Bishnupur Loktak Lake (N) Moirang 24°26’ 93°49’ 26,600 Freshwater
25. Bishnupur Takmu (N) Thanga 13,000 Freshwater
26. Bishnupur Kharungpat (N) Sekmaijin 500 Freshwater
27. Bishnupur Pumlenpat (N) Ithai 200 Freshwater
28. Bishnupur Naorempat (N) Hambal 120 Freshwater
Meghalaya | 29. East Khasi Umian (N) 25°05’ 91°09’ 400 Freshwater
Nagaland 30. Kohima Pimla & Dhaneari (N] Dimapur 110 Freshwater
Sikkim 31. North Sikkim | Gurudengman Tso (N} Yumchho 135 Freshwater
Tripura 32. South Tripura | Harijala (N) Kakmaban 23°28’ 91°25’ 180 Freshwater
33: North Tripura | Khaurabil (N) Kailashahar 24°22' 92°00’ 145 Freshwater
34. West Tripura | Rudrasaga (N) Sonamura 23°30’ 91°19’ 250 Freshwater
35. South Tripura | Gomti Reservoir (A) | Jatanbari 23°2%’ 91°52’ 4,833 Freshwater
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watershed they drain for nutrients which do
not remain confined in one place. They are
also removed and carried downstream by the
current. Here, organisms are usually
streamlined or flattened so that they can
escape the current in crevices and underneath
rocks or they may attach to the substratum.
In downstream the volume of flow, width
and depth of stream increase, while current
becomes slow. Bottom turns soft with silt and
mud. Here biota of swiftwater is replaced
mostly by aquatic plants and animals which
are usually characteristics of ponds and lakes.
Some of the major rivers of Eastern Himalaya
are: Brahmaputra, Teesta, Dibamg, Dihang,
Dibru, Dihing, Bhogdai, Disang, Dikho, Jhanji,
Subansiri, Manas, Sankash, efc. The above and
many other rivers form an intricate network
of flowing waters in the entire Eastern
Himalaya. These rivers in their different
courses support a rich and diverse aquatic
plants and animals, both invertebrates and
vertebrates.

3.1.6. Special Habitats: The entire region,
particularly the hill section is marked with
numerous caves, cliffs, overhangs, crevices, etc.
These are geomorphic in nature and serve as
unique wildlife habitats of special function.
These are not included within plant
communities and successional stages. Many of
these habitats supports a characteristic faunal
composition. Excavation of Siju Cave in west
Garo hills during 1922 revealed more than
100 species, both vertebrates and invertebrates.
Many of those animal species though common
in the cave were rare in the outside. Further,
some of the species particularly molluscan and
crustacean ones exhibit cavernicolous
adaptation. Lamsial, Pukjing, Lakadong, Miluy,
etc. are some of the other important caves of
the area.

3.2 Species Diversity

3.2.1 Flora : As already stated, the area
harbours tropical, temperate, subalpine and
alpine vegetation, with their characteristic
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species composition. Moreover the location of
Eastern Himalaya is such that this region is
not only able to capture maximum precipitation
and high humidity, which is condusive for
flora, but also comes in direct contact with
many other floristic regions. All these factors
have rendered this region as the richest
botanical diversity centre in the entire
subcontinent. Considering the richness as well
as uniqueness, it is not possible to describe
the diversity in all the groups of plants. As
such, some selected groups are discussed
below.

Orchid diversity : The Orchidaceae is the
second largest family of flowering plants in
India. Jain and Mehrotra (1984) listed 144
genera and 925 species of Orchids in India.
Considering the recent additions to the
Orchid flora one can put the number of
Orchids at 1000, of which about 700 species
are represented in the Eastern Himalaya alone.
During one field trip, 18 species of Orchids
were counted in a single tree in Khasi hills
(Rao, 1994). Among the genera with highest
diversity Dendrobinm, Bulbophyllum, Liparis,
Ceologyne, Habenaria and Paphiopediliomn are
important (Table 5).

Table 5. Diversity in some major groups
of Orchids of the Eastern Himalaya
(After Rao 1994)

Name of the No. of species

genus India Eastern Himalaya
Dendrobium 5 65
Bulbophyllum 50 35
Liparis 45 35
Ceologyne 35 30
Habenaria 100 45
Paphiopedilum 5 4

Rhododendron diversity : The Rhododendron
belonging to the family Ericaceae has about
90 species in India, of which 80 species are
exclusively confined to the present region.
Arunachal alone has about 70 species. Sikkim
is another region rich in Rhododendron. Some
common species are R. baileyi, R. bulu, R.
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hookeri, R. johnstoneanum, R. rex, R. anthopogon,
R. arboreum, etc. Apart from just the number
of species, Rhododendron has life form diversity
like herbs, shrubs and trees.

Hedychium Diversity : Genus Hedychium
under the family Zingiberaceae includes
ornamental plants that can be directly
introduced into our gardens. There are about
40 species in India, of which 35 occur in the
Eastern Himalaya alone. From Arunachal itself
18 species are reported (Haridasan and Hegde,
1991). Some of the common species are H.
aurantiacum, and H. villosum; rare ones are H.
luteum, H. greenii, H. aureum, H. wardii, elc.

Diversity in Bamboos : Out of 18 genera
and 130 species so far known in India, 15
genera and 82 species are represented in this
part of Himalaya (Table 6).

The genetic resource is getting eroded in
some of the bamboo species as their
populations have become highly fragmented
mainly due to practice of shifting agriculture
and selective removal. Some of these species
are Arundinaria clarkei, A. mannii, Bambusa
mastersii, Phyllostachys assamica, P. mannii, etc.

Table 6. Genera and number of species
of Bamboos reported from the
Eastern Himalaya
Name of the Genera No. of species
Teinostachyum 1
Arundinana 10
Bambusa 22
Cephalostachyum 7
Chimanobambusa 9
Dendrocalamus 15
Oxytenanthera 2
Thamnocalamus 4
Dinochloa 2
Gigantochioa 2
Meiocalamus 7
Melocanna 2
Neohouzeaua 2
Phyllostachys 2
Pseudostachyum 1

ECOSYSTEMS OF INDIA

Diversity in timber species : A large number
of commercial timber species come from the
Eastern Himalaya. Rao (1994) made a list of
37 species belonging to 35 genera from the
region. These species are in the market under
the trade names Black Siris, Bahera, Champa,
Chaplash, Gokul, Hollock, Kadam, Kumbi, Sal,
Harra, Neem, Sheesham, Toon, Walnut, etc.

Medicinal plant diversity : The Himalaya in
general, since ages has served as a storehouse
of numerous life saving drugs. Recent
ethnobotanical studies (Rao 1981, Rao and
Jamir 1982, Rao and Haridasan 1991) in

Table 7. Medicinal plant diversity in the
different forest zones of the Eastern
Himalaya (Adopted from Rao 1984).

ForestﬁTy_pes Species Names

Tropical and Abrus precatorius, Acorus
Subtropical calamus, Adhatoda zeylanica,
Atrops acuminata, Centella
asiatica, Coslus speciosus
Dioscorea deltoidea, Hydnocarpus
kurzii, Hyoscyamus miget, Gloriosa

superba, Mucuna prunta, Ocimus
sanctum Paederia foetida,
Plumbago zeylanica, Rauvolfia
serpentina, Veleveria zizanioides

Temperate Artemisia nilagirica, Berbens asialica,
Taxus wallichiana, Bergenia cihata,
Ephedra gerardiana, Habenaria
commelinifolia, Hoya globulosa,
Gaultheria fragrantissima, Gentiana
kurroo, Iicium griffithi. Mahoma
nepalensis, Myrica esculenta, Panax
pseudoginseng, Sarcandra glabra,
Saussurea lappa

Subalpine and Aconitum  chasmanthum, A

Alpine deinorrhizum, A ferox, A hetero-
phyllum Coptis teeta, Swertia
chirayita, S. hookeri, S. ciliata,
Nardostachys grandiflora,
Picrorhiza kurrooa, Podophyllum
hexandrum, Rheum australe, R
nobile, Velertana hardwickii, V.
jatamansi.
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Eastern Himalaya have shown enormous
diversity in them. Table 7 lists some important
medicinal plants from the different forest
zones of the Eastern Himalaya. While some
of these, e.g., Taxus wallichiana, Coptis teeta,
Podophyllum hexandrum have been extensively
exploited and others have become rare due
to destruction of habitat.

Diversity in primitive flowering plants :
Eastern Himalaya has been considered as a
sanctuary of ancient angisosperms. There are
a number of such species, viz., Magnolia
griffithi, M. gustavi, M. pterocarpa, Euptelea spp.,
Pycnarrhena, pleniflora, Parvatia brunoniana,
Decaisnea insignis, etc., which grow in this part
of Himalaya and further eastwards but do
not occur in any other parts of India.

Nonflowering plant diversity : The ferns and
fern-allies form a striking features of

Fig 7 : Bracketed fern along damp hill slope
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vegetation of the Eastern Himalaya. Out of
about 1000 species of ferns occurring in India
50% are represented in this region. Some of
the rare and interesting ferns of this region
are Dipteris wallichii, Osmunda cinnamomea, O.
regalis, Botrychium languginosum and few others.
The diversity of fern allies like Selaginella and
Lycopodium is best expressed in this region.
There are 12 species of Lycopodium in this part
of the Himalaya against only three in West
Himalaya.

3.2.2 Fauna: Geographical location, rich
and diverse foliage cover, vast stretches of
grasslands with an wide array of floral
species, numerous and varied types of
wetlands, special habitats, climatic and
altitudinal variations offer a host of
microclimatic condition and niches to support
a great assemblege of faunal components. As
vast areas of the Eastern Himalaya are yet to
be explored with special reference to many
of the groups, following descriptions only
provide a glimpse of the actual faunal richness
existing in the region.

Protista  (Protozoa): Protozoa are
underexplored throughout the Indian Himalaya
including the Eastern Himalaya. Even then,
256 species of Protozoa have been recorded
from this region, out of which 100 species
are freeliving, 121 species parasitic and 35
species symbiotic. Freeliving protozoa were
collected from soil, mossess and freshwater,
while parasitic protozoa were recovered from
gut contents, blood, coelomic fluid and smears
of different organs like lungs, livers, kidney,
etc., of different vertebrate and invertebrate
hosts. The symbiotic protozoa were collected
from the gut contents of wood-eating termites,
belonging to the families Kalotermitidae and
Rhinotermitidae. Statewise record of Protozoan
species in the Eastern Himalaya is presented
in the Table 8. From the table it is quite
evident that the Assam region is unexplored
for this group.

Invertebrates

Porifera: Out of 31 species of Indian
freshwater sponges (Family : Spongillidae),
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Number of species of Protozoa:

Freeliving Parasitic Symbiotic Total
Arunachal Pradesh 43 20 9 72
Manipur 77 8 — 85
Meghalaya 58 58 12 128
Mizoram 31 — — —
Nagaland 22 34 59
Sikkim 55 23 80
Tripura 45 37 20 102
West Bengal (Darjeeling dist.) 11 72 — 83

only six (Arunachal-2; Assam-3; Meghalaya-1)
are so far known from the region.

Platyhelminthes : Nine species belonging to
equal number of genera of Trematoda have
been reported from the vertebrate hosts from
Darjeeling district, while from Meghalaya 53
species under 38 genera have been recorded.
As regard Cestoda, 30 species belonging to
18 genera are known from Meghalaya. Out
of 47 Indian Turbellarian species only five
belonging to two genera, viz.,, Bipalium and
Palmatoplana are so far known from the region.

Nematoda : Soil samples associated with
citrus trees in Sikkim revealed a high degree
of abundance and dominance of Nematode
fauna consisting of 61 species under four
orders, wviz., Tylenchida, Aphelenchida,
Dorylaimida and Monochida (Baqri 1991).
Further, 28 species belonging 14 genera have
been reported from the different plant species
of Meghalaya. An index of species to genus
(34 spp., 26 genera in Arunachal; 47 spp., 35
genera in Meghalaya) of Nematode parasites
from vertebrate host indicates an assemblege
of high diversity.

Rotifera : Rotifers comprise an integral link
in aquatic food chain by virtue of their rapid
tum over rate and thus becoming significant
constituents of fresh water ecosystem. In all
132 species belonging to 32 genera and 19
families are so far represented from the

region, which represent 46.6% and 50.8% of
the total species and genera respectively know
from the country. Further, Rotifer fauna of
the Eastern Himalaya is characterised by more
qualitative diversity of Lecane spp. and relative
paucity of Brachionus spp.—a feature well in
conformity with acidic nature of waters and
fewer permanent lentic biotopes (Sharma
1998). Among the endemic species Lecane
jaintiensis, Lepadella nartiangensis, L. patella may
be mentioned.

Gastrotricha: A total of five species
belonging to two genera, viz.,, Chaetinotus and
Lepidodermella are known from Meghalaya, of
which two are discontinuously distributed in
Andhra Pradesh.

Annelida : At least 52 species of oligochaete
worms are known from the region of which
Plutellus bahli, P. dominensis, P. richikensis,
Tonoscolex kabakensis, etc., are endemic in the
Eastern Himalaya. Not much study has been
made as regard the Hirudinean species.
However, 9 species belonging to 8 genera and
5 species belonging to 3 genera have been
recorded from Meghalaya and Arunachal
Pradesh respectively.

Arthopoda

Onychophora : These are considered as
connecting link between Annelida and
Arthopoda and species belonging to this class
are known as ‘living fossils’ Out of about
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100 species of the world, only one, viz.,
Typhloperipatus williamsoni occurs in the Indian
limit and that too is confined to the Abor
Hills. The Indian species exhibits alliances with
the species occurring in Sumatra and Malay
Peninsula.

Crustacea : Crustaceans play an indirect
role in the trophic dynamics of aquatic
ecosystems, particularly the Cladocerans which
are considered to be the most important
group converting more than 75% of the
absorbed energy  for  reproduction
(Venkataraman and Krishnamoorthy 1998).
Survey of water bodies in Meghalaya revealed
that zooplankton numerically constitutes at an
average 24.6% Copepods and 22.1%
Cladoceran individuals. However, detail
species list of Crustacean fauna of the Eastern
Himalaya is not available except for
Meghalaya which harbours 60 species
belonging to 39 genera (Alfred 1995). Chopra
(1924) reported four species of Isopoda from
Sizu cave, in one of which, viz., Philoscia
dobakholi colour is almost totally bleached and
eyes considerably reduced. Ghosh (1987)
reported 2 species under two genera under
Isopoda and 11 species under four genera
belonging to Decapoda from Namdhapha.
Kemp (1924) reported three species of
Decapoda from the Siju cave, of which
Palaemon cavernicola is the only true cave
dwelling form of the oriental region showing
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some adaptations for cavernicolous existence.
As regard Cladocerans, following number of
species have been reported from the different
states of the Eastern Himalaya: Assam-13;
Meghalaya-41; Manipur-6; Tripura-7.

Arachnida : Of the 1270 species of Indian
spiders (Araneae), 92 species are known from
the Eastern Himalaya, of which 15 are
endemic. Waterbodies of the region also
harbour a good number species particularly
of those belonging to the genera Lycosa,
Hippasa, Perdosa etc.

As compared to the country’s figure of 2186
Acarine species, relatively fewer number of
species are known from the Eastern Himalaya
(Table 9). However, of the recorded species,
nearly 45% are endemic to the region.
Further, Darlong and Alfred (1993) found that
Acarine species are the most dominant among
the microarthopods occurring in the soils of
the Eastern Himalaya. They also revealed that
species diversity is less in ‘Jhum’ fields as
compared to that in forest soils. Some Acarine
species of the region are discontinuously
distributed, such as, Agistemns industani
(Nagaland and Kerala), A. garrulus (Meghalaya
and Pakistan). Except for a few tick species
so far no mite species has been recorded from
Mizoram.

Of the 167 Indian Opiliones, only two have
been recorded from Siju cave (Roewar 1924).

(Adopted from Sanyal 1998)

States Prostigmata Astigmata Mesostigmata | Cryptostigmata | Metastigmata
Arunachal Pradesh —_ — 4 — 12
Assam 20 2 26 11 10
Manipur 33 — 5 5 4
Meghalaya 11 = 25 — 5
Mizoram —_ — — — 4
Nagaland 2 — — 5 4
Sikkim —_ —_ — 21 2
Tripura —_ — 10 90 6
Darjeeling. W.B. 72 14 30 104 16
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Insecta : Very little information regarding
Apterygote insects of the region is available.
So far -only 5 species of Thysanura and 37
species of Collembota have been listed. One
species of Thysanura (Ctenolepisma nigra) is
endemic to Manipur, while Collembolan
species Salina tricolor and Callyntrura vestita are
discontinuously distributed in Peninsular India
(Mitra 1973, 74; Hazra et al. 1999). It is
interesting to note that although not much
species diversity of Collembola has been
recorded, next to Acarina, this animal groups
is most dominant and abundant in soils.

Termite fauna hold a vital status as a
primary consumer and contribute in many
ways in the tropical ecosystem. They are
involved in increasing soil fertility by
disintegrating wood in its various forms and
thereby enhance the plant growth. Termites
in the Eastern Himalaya are represented by
five families (Kalotermitidae, Rhinotermitidae,
Stylotermitidae, Indotermitidae and
Termitidae), 27 genera, 76 species (Bose 1999).
Kalotermitid genera Neotermes and Glyptotermes
have wide distribution in the tropics, but the
species represented in the Eastern Himalaya
are  endemic. Rhinotermitid  genera
Reticulitermes (5 spp.) and Parrhinotermes (2
spp.) are also endemic while the genus
Stylotermes though widely distributed, is
represented in the region by a single endemic
species. In all 36 species out 76 are endemic.
Occurrence of Nasutitermes in the Eastern
Himalaya is an indicator of rich biodiversity
in rain forest and grassland ecosystems.
Likewise, presence of Reticulotermes indicates
temperate climatic conditions (Maiti and Saha
1998).

Srivastava (1976) estimated 125 species of
Dermaptera from the Eastern Himalaya, which
is nearly half of the total Indian fauna. As
many as 58 species and two genera, viz.,
Aborolabis and Prasadiya are endemic. Fifty
species are derivatives of Indochinese and
Indomalayan elements, while species belonging
the genera Anechura, Aliodahlia and Forficula
have Palaearctic affinities.

ECOSYSTEMS OF INDIA

Blattariae insects are adapted to diverse
habitats. Some are semiaquatic, while others
are found among the fallen leaves on soil
surface, under stone and bark, in grasses,
debris, caves, houses and godowns. As such,
great species diversity is expected in the
region. However, due to lack of exploration
only a few species are reported. Ghosh (1987)
reported 34 species of eight genera from
Namdhapha, while Alfred (1995) estimated 26
species belonging to 20 genera from
Meghalaya. Quite blind, cavernicolous species
Diestrammena brevifroms frieli from Lekadong
cave exhibits parallel evolution with the
Europeans species of the genera Dolichopoda
and Troglophilus (Chopard 1924). Several
domestic pest species, e.g., Blatta orientalis,
Periplaneta spp., Blattella germanica, B.
humbertiana are found to be well established
in the region.

Mitra (1994) reported 315 species of
Odonates from Eastern India which includes
those from Bihar, Orissa and whole of West
Bengal in addition to Eastern Himalaya.
Prasad (Pers. Comm.) provided the following
break up of number of Odonate species and
genera (given in parentheses) from different
states under Eastern Himalaya : Mizoram-64
(41); Meghalaya 151 (79); Nagaland-48 (32);
Arunachal 91 (41); Assam 24 (15); Tripura 35
(21); Sikkim 24 (16). Majority of these species
are confined to Eastern Himalaya, Indo-
Chinese and Indo-Malayan regions, but a few,
e.8., Agriocnemis pygmadea ranges up to
Australia.

Orthopteran fauna exhibits a complex
admixture of endemic, Indo-Chinese, Malayan,
Palaearctic, Ethiopian and a few Neotropical
forms. A total of 77 species belonging 24
genera of Tetrigidae and 81 species under 39
genera of Gryllidae are known from Eastern
Himalaya (Shishodia 1991, Vasanth 1993), while
Hazra et al. (1995) reported 55 species under
38 genera belonging to Acridoidea from
Meghalaya. Maximum diversity of Orthopteran
species has been observed in the typical rain
forest areas. However, distribution pattern of
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grasshoppers is changing rapidly due to
encroachment of grasslands and forests for
agricultural and Industrial purposes.

Hazra and Mukherjee (1998) recorded
following number of species and genera of
Praying Mantis (Mantodea) from some states
of the region : Arunachal-20 (12); Assam-29(22);
Manipur-10(7); Meghalaya-25(17); Sikkim-
16(12); Tripura-7(2).

In the Hemipteran fauna of the Eastern
Himalaya, Palaearctic, Chinese and Malayan
elements are well represented. Statewise
species list, is not available but richness is
obvious from the fact that Meghalaya alone
harbours 516 species under 318 genera. Species
diversity and abundance in Aphididae is more
marked in hilly terrain which meets with the
subtropical to warm temperate climate and
represents the transition zone between the
realms of Oriental and Palaearctic. Out of 212
total Indian genera of this family, Eastern
Himalaya alone represents 160 genera against
130, 60 and 35 genera represented by
Peninsular India, Gangetic plains and Indus
plains respectively. Further, temperate climate
and forests of Oak, Pine, efc., provide shelter
to a number of little known and rare
Hemipteran species. The necton fauna of the
region is also dominated by the Hemipteran
species mainly belonging to the families
Gerridae, Corixidae, Notonectidae, Nepidae,
and Belostomidae.

Nearly 600 species of Diptera are known
from the region, but actual number will be
much more as large areas are yet to be
explored. Specific studies on medically
important family Culicidae only in certain
pockets have revealed as many as 88 species
(Rajput and Singh 1991, 93, Pal and Dutta
1993). Maximum species diversity is exhibited
by the suborder Nematocera having at least
270 species under 68 genera, but so far
number of genera is concerned, suborder
Cyclorrhapha surpasses the others with 209
species and 132 genera.

The Eastern Himalaya along the border of
Myanmar may be considered as the most
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Table 10. Species richness in the Eastern
Himalaya for some groups of insects

(Adopted from Alfred et al. 1998).

Orders Species in India Species in

Eastern Himalaya

Mecoptera 15 13
Thysanoplera 693 105
Psocoptera 90 43
Phasmida 146 82
Neuroptera 335 128

significant area for Lepidopteran fauna both
in species diversity as well as from the
zoogeographical point of view. Out of about
1500 species of Indian butterfly more than
50%, and of 13000 species of moth about 4000
occur in the Eastern Himalaya (Gupta, pers.
Comm.). Nymphalidae, Lycaenidae and
Papilionidae are predominant butterfly families,
while Geometridae, Noctuidae, Pyralidae and
Arctidae are predominant moth families.
Owing to habitat destruction and commercial
exploitation, Lepidopteran species specially the
butterflies are becoming scarcer to an
approximate estimate of 30 to 40% (Mondal
1998). A good number of species, viz., Colias
berylla, C. dubia, Neptis nycteus, Polydorus polla,
Neozephyrus paona, N. intermedius, N. tytteri, N.
khasia, N. suroria, Papilio elephenor and many
others are endemic to this region.

Coleopteran insects are found from
subterranean situation in plains to the snows
at hills and usually exhibit greatest species
diversity in all the terrestrial ecosystems.
Sample survey of Namdhapha Biosphere
Reserve revealed as many as 188 species
belonging to 105 genera and 12 families. This
provides an indication of the probable richness
of the Coleopteran species in the Eastern
Himalaya. Pal (Pers. comm.) estimated that
out of 15,500 Indian species about 4800 species
occur in the region and opined that the actual
number will be many times more as vast areas
are yet to be explored.
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Species richness in some other groups of
insects are summarised in Table 10.

Mollusca : The Eastern Himalaya and the
Western Ghats have been identified as the
greatest concentration areas for land and
freshwater molluscan species. Apparently, the
subtrophic climatic conditions, dense tropical
evergreen forests producing a deep leaf and
foliage litter, higher rainfall and less rigorous
temperature extremes of the Eastern Himalaya
provide the most suitable and favourable
conditions for the molluscan species to thrive
and flourish. Out of 92 species of freshwater
molluscs reported so far from the entire
Indian Himalaya, 66 are known from Eastern
Himalaya (Dey and Mitra, 2000). While tiny
Gastropod genera, viz., Tricula, Erhaia, and
Ferrissia are lotic in habit, rest are essentially
stagnant water dwellers. Of the 597 species
of Himalayan land molluscs, 439 are
represented in the Eastern Himalaya and
around 379 (86.33%) species are endemic.
Molluscan fauna of the Eastern Himalaya
includes some Indo-Chinese and Malayan
derivatives and few of them extended their
range to Northwest Himalaya up to Kashmir,
¢.8. Lymnaea andersonia. Distributional range of
some land molluscs lies between Myanmer to
Northwest Himalaya through this region, e.g.
Indoplanorbis exustus, Hippeautis umbilicalis, while
that of a few extend up to Andamans e.g.,
Macrochlamys pungi. Among the prominent
genera Cyclophorus, Alycaeus, 'Diplommatina,
Cryptaustenia, Glessula, Kaliella, Oxytesta,
Phaedusa, Sitala are represented by large
number of species in the Eastern Himalaya.
But, these are either totally absent or just
represented by 1 or 2 species each in the
Northwest Himalaya. Genus Phaedusa is
represented by one endemic species in the
Northwest Himalaya as against four in the
East Himalaya. The pulmonate snails of the
genera like, Macrochlamys, Sitala, Kaliella, Girasia,
Durgella, etc., have a number of endemic
species confined to tropical rainforest
ecosystem of the Eastern Himalaya and the
Western Ghats.
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Vertebrate

Pisces: Fishes, the most important
components of aquatic ecosystem, are
represented in almost all the water bodies
from plains to high mountains and even in
the total darkness of caves in the Eastern
Himalaya. As many as 187 species belonging
to 86 genera. 28 families and 9 orders have
been recorded from the region by Sen (1985).
Out of these, 118 species are riverine, 69
species may be stated as torrential and 43
species are considered as endemic. The list
was further enriched by addition of 18 species
from Namadhapha and Tripura. (Ghosh 1987,
Barman 1998). Pisciculture is one of the most
important professions for the people of the
region. This has resulted many hybrid
varieties and exotic species in the water bodies
under culture.

Amphibia: Next to the Western Ghats,
highest concentration of amphibian species is
found in the Eastern Himalaya. It is
worthwhile to mention that though Western
Ghats harbours maximum species diversity, but
the Eastern Himalaya is the only region of
the country where all the three living orders
of Amphibia viz., Gymnophiona (limbless
amphibia), Caudata (tailed amphibia) and
Anura (tailless amphibia) are represented. A
total of 80 species of amphibia are so far
known from the Eastern Himalaya excluding
Sikkim (Deuti 2001), of which 75 species under
22 genera belong to the order Anura, one
species under one genus belong to the order
Caudata and 4 species under 2 genera belong
to order Gymnophiona. This is to mention
here that from Sikkim at least another four
species of anuran are known. Among these
amphibian species 29 are endemic to the
Eastern Himalaya. Further, the only species
of Salamander viz., Pleurodeles verrucosus, that
occurs within the Indian limit is confined to
the hills of Darjeeling, Sikkim, Manipur,
Arunachal and Meghalaya.

Reptilia: All the major groups of aquatic
raptiles are found in the plains as well as
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hills but by a limited number of species.
Gharial, Gavialis gangeticus occurs in
Brahmaputra River system, while Muggar,
Crocodylus palustris has been recorded from the
water bodies of Arunachal. Further, at least
10 species of turtle and tortoise, three species
of monitar lizard and several species of
snakes particularly belonging to the genus
Natrix are occurring in the water bodies.
Forests, graslands and even the residential
areas at different altitudes harbour a great
diversity of reptilian species, which include
of at least two species of Testudines, 38
species of lizards and 63 species of snakes.
These along with the aquatic ones constitute
about 30% of the total reptilian fauna of the
country.

Two genera and 35 species of lizard are
endemic to the Eastern Himalaya. It is
interesting to note that Reticulated Python,
Python reticulatus is discontinuously distributed
in the Eastern Himalaya and Nicobar Islands.

Aves : Rivers, lakes, swamps and other
water bodies at plains as well as hills support
a very rich and diverse resident and
migratory avifauna. At least 80 species
belonging to 46 genera and 12 families have
been recorded from the different water bodies
of this region. These water bodies often serve
as the last refuge of a number of threatened
species of birds, viz., Giant Heron-Ardea
goliath, Great white-bellied Heron-A. insignis,
Adjutant Slork Leptoptilos dubius, Eastern white
Slork—Ciconia ciconia boyciana, Large Whistling
Teal—Dendrocygna bicolor, White-winged Wood
Duck—Cairina scutulala, Marked Finfoot—
Heliopais personata and others. Forest ecosystems
also exhibit an extraordinary richness of avian
species particularly Tropical and Oriental
elements. About 60% of the Indian Avifauna
may be observed here. Among the different
families highest diversity lies in Muscicapidae
having nearly 200 species. Endemicity is not
much evident and only three species, viz.,
Psittacula intermedia, Stachyris oglei, and
Pardicula manipurensis are endemic to the
region. However, quite a number of species
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belonging to the genera Liothrix, Cutia,
Peruthius, Mesia, etc., are confined to the
Eastern Himalaya and Myanmor.

Mammals : Forests and mountains in the
Eastern Himalayan amphitheatre present an
impressive array of the mammalian species.
Of the 13 orders of Indian mammals, except
Sirenia all are found here. Nearly 45% of the
Indian mammal fauna comprising of 172
species under 97 genera and 32 families are
represened in this region. The Gangetic
Dolphin, Platanista gangetica (Cetacea
platanistidae) is the only aquatic mammalian
species of Eastern Himalaya and confined to
Brahmaputra River System. However, there
are few species of Carnivores, viz., Fishing
Cat—Felis viverrinus, Clawless Otter—Amblonyx
cinereus, Common Otter—Lutra lutra,
Insectivores, viz., Himalayan Water Shrew—

Fig 8 : Hoolock Gibbon-Hylobates hoolocks in
Eastern Arunachal



Fig 9 : Red Panda-Aijlurus fulgens in Sikkim Himalaya

Chimmarogale platycephala and Szechuan Water
Shrew—Nectogale elegans are closely associated
with aquatic ecosystems as predators. One of
the critical species of Indian mammals, viz.,
Manipur Brow antlered Deer—Cervus eldi eldi
finds shelter in the floating swamps (Phumdis)
of Loktak Lake in Manipur. As regard the
number of species, order Rodentia comes first
having 53 species and represented in all the
habitats from snows to plains. From the
taxonomic point of view, mammalian species
of the world are most well-worked out, still
during the last few decades one new genus
and species of flying squirrel (Biswamoyopterus
biswasi) and a langur (Presbytis geei) have been
discovered from the region. Out of 46
monotypic genera of Indian land mammals,
26 are found in the Eastern Himalaya.
However, endemicity is not much evident
except for three species. Quite a number of
threatened species are solely or mainly
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confined to the forests,
grasslands and swamps of
the Eastern Himalaya so
far India is concerned.
Some of these species are
Hispid Hare-Caprolagus
hispidus, Pygmy Hog-Sus

salvanius, Great one-
horned Rhinoceros—
Rhinoceros unicornis,
Hoolock Gibbon—

Hylobates hoolock, Phayre's
Leaf Monkey—Presbytis
phayrei, Malayan Sun
Bear—Helarctos malayanus,
Red Panda—Ailurus
fulgens, Takin—Budorcas
taxicolor, efc. All these
species are extended to
further east countries like
Myanmar, Malaysia, etc.
but not to the west.

4. SPECIAL FEATURES

4.1 Flora

The total number of flowering plants in
India is expected around 17000, of which
about 50% (8000 species) hail from the Eastern
Himalaya. Out of about 315 flowering plant
families in India, more than 200 families are
represented in this region. There are a
number of primitive flowering plant species
viz., Magnolia griffithi, M. gustavii, Altingia
excelsa, Betula alnoides, etc., which grow in
Eastern Himalaya and further eastwards but
do not occur in other parts of India. Based
on the analysis of distribution of primitive
angiosperms Takhtajan (1969) treated East
Himalaya-Fiji region as the ‘Cradle of
flowering plants’, where angiosperms have
diversified.

Many plant families, represented in India
by a solitary genus with 1 or 2 species are
found in this region, e.g., Coriariaceae,
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Nepenthaceae, Turneraceae, Illiciaceae, and a
few others. Similarly, this part of Himalaya
also contributes significantly to the
conservation of the world’s genetic resources
by way of harbouring a number of monotypic
genera, such as, Alcimandra, Aspidocarya,
Circaester and Hemsleya. As there are no closely
related genomes of these genera anywhere in
the world, their conservation is of special
significance.

Maximum number of endemic plant species
of the country are shared by this part of
Himalaya. Some such endemic species are:
Uvaria lurida, Magnolia gustavi, M. griffithi,
Coptis teeta, Pachylarnax pleiocarpa, Distylium
indicum, Nepenthes khasiana, Merrilliopanax
cordifolia, Gastrodia exilis, etc. This region also
harbours many rare plants showing
discontinuous distribution, such as, Nymphaea
pygmaea (Siberia, N. China), Michelia velutina
(Nepal, Tibet, Myanmar), Illicium cambodiana
(Southern Indo-China), Homalium schleichii
(Myanmar), Cotylanthera tenuis (Java),
Epipogium roseum (W. Africa, Java, Australia),
Aphyllorchis montana (Sri Lanka) and many
others. Nepenthaceae with the single endemic
species Nepenthes khasiana represents the
northernmost limits of this family, with a
general range of distribution from Madagascar
to Malaysia. Similarly, genus Zeylanidium of
the family Podostemaceae, found in Kameng
district of Arunachal Pradesh also represents
the northernmost distribution of this family
in India. Munronia pinnata occurs in Sikkim
and Khasi Hills and also in the Western Ghats.

Some plants of the Eastern Himalaya have
created interest among the botanists on
account of their special modifications and
adaptations. Sapria himalayana, the largest root
parasite, has attractive crimson flowers
measuring 35 cm across. Another root parasite,
viz., Mitrastemon yamamotoi from Mawsami
forest is polyendemic (Rao, 1994). Among
insectivorous plants Nepenthes khasiana with leaf
tips modified into pitchers measuring up to
12 cm, and two species or Drosera are
important.
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On the other end of the spectrum there
are some plants with unusual forms in the
high alpine areas. These may be ‘cushion
forming’ or ‘snow ball’ plants or the ‘hot
house’ plants. Several hundred plants
aggregate together to form dense, spherical
globose cushions as an adaptation against
severe cold and heavy snow fall during
winter.

Ammal (1952) observed the high polyploidy
in the species of the genera Magnolia, Camellia,
Lonicera, Rhododendron, Viburnum, etc., in region
close to the glaciers of the Eastern Himalaya.
She considered this region as a region of
active speciation today. According to her these
groups have adopted to hardy mountain life
on high altitudes by polyploidy.

According to Vavilov (1926, 1951) this
region of India, forming the ‘Hindustani
Centre of Origin of Cultivated Plants’ is very
significant for tropical and subtropical fruits,
cereals, etc. The area forms the richest
reservoir of genetic variability of many groups
of crop plants. Over 50 species of economic
plants have their genetic diversity in this
Hindustani Centre (Zeven and Zhukovsky,
1975). The Eastern Himalaya is considered as
the centre of origin of coconut, Musa, Citrus,
Cucurbits and various temperate fruits
particularly of the family Rosaceae and each
of them exhibits a very rich speices diversity
in the region. Diversity in legume crops and
their wild relatives is also of a very high
order. Maximum variability can be observed
in Cajanus cajan, Vigna umbellata, V. mungo, V.
aconitifolia, Glycine max and Lathyrus sativus.
In addition, there are about 200 non-
conventional legumes of which about 50 are
used as vegetables by the various ethnic
groups in the region. The region is also
unique in having many wild food plants which
form the subsidiary food of the local people.
Many land races of jute and mesta have been
found in Tripura, Meghalaya and Garo Hills.
Tea, Camellia sinensis, was in cultivation in this
region for last 4000 years and many allied
wild species used as substitute of tea are
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found growing here (Maheshwari and Singh
1964). One of the world’s most comprehensive
collections of primitive rice cultivars was made
by LAR.I from 1800-2700 m altitudes of
Meghalaya and Arunachal. Out of 6730
collections of different types of these cultivars,
nearly about 5000 come from the hills. Some
wild relatives of cultivated plants from the
Eastern Himalaya are shown in Table 11.

4.2 Fauna

The Eastern Himalaya holds a pivotal place
in the historic process of progressive evolution
of the present day fauna of India by serving
as an effective gateway to faunal influx. Its
tropical and subtropical moist evergreen forest
ensured the survival of species and enhanced
the space of their speciation by affording
more ecological niches than was possible in
the dry deciduous forests and plains of the
rest of India, excepting the Western Ghats.
Though the detailed study on the faunal
composition of the Eastern Himalaya is far
from the complete, still richness and diversity
of faunal species may be guessed from the
results of Abor Hills expedition in 1911-12. A
four months long expedition revealed the
following diversity in some major groups
Porifera (2 spp.), Planaria (9 spp.), Oligochaeta
(21 spp.), Collembola (9 spp.), Thysanoptera
(1 spp.), Hymenoptera (118 spp.), Lepidoptera
(111 spp.) Coleoptera (84 spp.), Diptera (81
spp.), Dermaptera (31 spp.), Orthoptera (22
spp.), Odonata (50 spp.), Isoptera (8 spp.),
Arachnida (25 spp.), Onychophora (1 Spp.),
Mollusca (14 spp.), Fish (43 spp.), Amphibia
(25 spp.), Reptilia (48 spp.), Birds (111 spp.),
Mammale (26 spp.) and many others,

4.3 Distribution Pattern

The fauna of forested tract of the region
differs markedly from that of Indian Peninsula
stretching away from the base of the hills. It
does not contain much of the so-called Aryan
element of mammals, birds and reptiles which
are related to Ethiopian and Holarctic genera,
and to the Pliocene Siwalik fauna, nor does
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Table 11. Some wild relatives of cultivated
plants in the Eastern Himalaya (Adopted
from Arora et al. 1983).

Category of Plants Name of species

Hordeum agricrithon, Digitana cruciata.
Coix facryma jobi, C. giganttea, C.
aquatica, Oryza rufipogon, Polytoca
wallichiana.

1. CEREALS
AND MILLETS

Moghania vestita. M. bracteata. Vigna
capensis, V. umbellata, V. pilosa,
Atylosia barbata, A. scarabaeoides, A
villosa, Canavalia ensiformis, Mucuna
bracteata

2. LEGUMES

Abelmoschus manihot, Duchesnea
indica, Myrica esculenta, Prunus
acuminata, P cerasoides, P cornuta
P jenkinsii, P nepalensis, Pyrus

3. FRUITS

pashia, Ribes graciale, Rubus lineatus,
R. ellipticus, R. lasiocarpus, R
moluccanus, R. reticulatus, Citrus
assamensis, C. ichangensis, C. indica,
C jambiri, C. latipes, C. macroptera,
C. medica, C. aurantium, Docynia
indica, D. hookeriana, Eriobotrya
angustifolia, Mangifera sylvatica, Musa
acuminata. M. balbistana, M. mani, M
nagensium, M. sikkimensis, M
superba, M. velutina

4 VEGETABLES Cucamis trigonus, C. hystrix, Luffa
graveolens, Neoluffa sikkimensis, Alo-
casia macrorhiza, Amorphophallus bul-
bifer, Calocasia esculenta, Dioscorea
alata, Moghania vestita, Momordica di-
oica, M. cochinchinensis, M. macrophyl-
la, Trichosanthes cucumerina, T. dioica,
T dicaelosperma, T. khasiana, T ovala,
T truncata, Solanum indicum

5. OIL SEED Brassica trilocularis

6. FIBRES Corchorus capsularis, Gossypium
arboreum

7. SPICES AND Allium tuberosum, Amomum subula-

CONDIMENTS  tum, Curcuma zedoana, Alpinia galan-
ga, A. speciosa, curcuma amada,
Piper longum, P peeptiloides

8. MISCELLANEQUS Saccharum longisetosum, S. sikkimen-
sis, S. ravennae, S. procerum, S. rufip-
lum, Miscanthus nudipus, M. taylori,
M. nepalensis, M. wardn, Enanthus sp.,
Camellia sp.
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it include Dravidian elements of reptiles or
amphibians. On the other hand, it includes
the following animals which do not occur in
the Peninsula - Mammals; the families
Hylobatidae, Talpidae, Procyonidae,
Rhizomyidae, and the subfamily Gymnurinae,
besides numerous genera, such as, Prionodon,
Arctonyx, Arctictis, Arctogalida, Nycticebus,
Rhinoceros, Budorcas, Nemorhedus, Atherurus,
Dacnomys, etc.; Birds: the families
Eurylaemidae, Indicatoridae, Heliornithidae,
and the subfamily Paradoxornithinae; Reptiles :
the families Platysternidae and Anguidae;
Amphibians:  Dyscophidae,  Hylidae,
Pelobatidae and Salamandridae. The region
also contains some genera of several groups,
e.g., Papilio and Pieris (Lepidoptera), Moschus,
Ovis, Nemorhedus, Eupetaurus, Marmota
(Mammals), which have Holarctic or
Palaearctic affinities. However, Oriental
elements are most predominantly represented
in the fauna of Eastern Himalaya, which
gradually diminishes to the westward, until
in Kashmir and further westward it ceases to
be the principal constituent. This fact is in
conformity with the theory that the Oriental
element of the Himalayan fauna, or the
greater portion of it have migrated into the
Himalaya from the east at a comparatively
recent period.

Many of the genera and species occurring
in the east exhibit extreme discontinuity in
distribution. They occur in Peninsular south
or even in Sri Lanka with an extensive
intervening areas totally without them. Some
examples are already cited in connection with
description of faunal diversity and few more
are mentioned in Table 12. There are many
more examples of discontinuous distribution
of faunal components, of which most
interesting is that of a lizard belonging to a
monotypic genus Teratolepis which occurs in
Sind and Khasi hills widely varying in climate
and are separated by a wide gap.

The marked discontinuous distribution of
the Indo-Chinese and Malayyan faunal

25

Table 12. Showing some discontinuously
distributed faunal element in the Eastern
Himalaya and southern Peninsula.

Group Family/Genera/Species

Oligochaeta  Megascolides. Piutellus, Notoscolex
Drawida

Diptera Phytomyza, Blepharocera, Agromyza
Apistomyia

Lepidoptera Graphium nomius

Pisces Homalopteridae, Gagata. Balitora
brucei, Batasio, Silurus

Amphibia Ichthyophis, Philautus, Nectophryne

Reptilia Rhabdos, Draco

Aves Garrulax, lrena puella, Buceros
bicornis

Mammalia Lorisidae, Ratufa, Hemitragus,

Harpiocephalus harpia

derivatives was interpreted by Kurup (1966)
with special reference to mammals. He opined
that present day discontinuity is essentially a
relict of former continuous distribution. The
extensive and continuous ranges of a number
of the humid-tropical forest forms have
recently come to be broken up into a series
of isolated patches, partly because of
topographical or partly because of climatic
changes and partly by the gradual retraction
and regression, leaving behind more or less
large areas of the isolates.

A large number of species, considered as
threatened are found in, the Eastern Himalaya
(Table-13), and a few of them such as
Caprolagus hispidus, Sus salvanius, Rhinoceros
unicornis, Cervus eldi eldi, Prionodon pardicolor,
Helarctos malayanus, Hylobates hoolock,
Bambusicola fytchii, Tragopan blythii, Lophophorus
sclateri, etc., are mainly confined to this
territory so far India is concerned.

Economically important honey bee, Apis
cerana himalayana in the east has further
evolved into three ecotypes that correspond
to geographic distribution in (1) Naga and
Mizo Hills, (2) Brahmaputra valley and Khasi
Hills, and (3) the foot hills. The partially
domesticated Mithan is another interesting
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component of the fauna which is resulted
from the hybridization of Gaur (Bos frontalis)
with the domestic cattle.

5. THREATS

Enormous massiveness, the great elevations
of the mountain ranges, their trendlines, their
location in the middle of a vast continental
mass, their tertiary orogeny, the pleistocene
glaciations and continued post-pleistocene
uplift provided outstanding pecularities of the
ecology of Himalayas. For centuries,
highlanders have lived in partnership and
equilibrium with nature in the Himalayas
which created some of the planet’s most
harmonious landscapes. However, at the
moment, pressure of population growth and
movement, coupled with new demands of
development, are placing this equilibrium in
jeopardy. Mountain ecosystems, especially the
tropical high mountains, are usually sensitive
to quite small disturbances and consequent of
that disturbances are often irreversible.
Damage to natural ecosystems and ecological
diversities of the Himalayas for one or other
reasons are the burning problems for very
rich as well as unique biodiversity of the
region and also of the land, rivers, people
and economy.

Threats and conservation aspects of the
Himalayan ecosystem has been nicely
discussed by Ahmad et al. (1990).
Anthropogenic impact on Himalayan mountain
ecosystems is producing critical situations at
a faster rate than on most other types of
ecosystem. Man-induced activities in the
Himalayas, such as unplanned landuse,
cultivation on steep slopes, overgrazing, major
developmental activities, such as mining and
construction of dams, roads, over-exploitation
of village or community forests as well as
faunal resources and shifting cultivation are
some of the factors which have accelerated
ecological degradation and threatened the
equilibrium of the mountain ecosystem in the
Eastern Himalaya. Resulting enviornmental
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problems may be categorised under three
subheads, viz., socio-economic, biological and
physical environments.

A. Physical Environment Components :

(@) Soil impoverishment and losses Vast
land areas of the entire Himalaya may be
considered environmentally ‘derelict land” due
to poor land maintenance practices, altered
agricultural practices, over-intensive landuse.
Besides this ‘derelict land’, many other
landmasses are highly susceptible to soil
erosion and landslides. Soil properties are also
deteriorated due to short cycle shifting
cultivation, monoculture in place of mixed
forests, ruthless destruction of native plant
species and overgrazing. The soils in many
areas are becoming nutrient deficient mainly
owing to traditional pasturalism. Nutrient
deficiency of soil leads to desert like
conditions having low biological productivity.
Dams, reservoirs and mining have also caused
soil losses and impoverishment.

(b) Atmospheric pollution and micro-
climatic changes Till today atmospheric
pollution in this region is not much of serious
concern, but setting up of industries in these
environmentally sensitive areas without
environment management plan is gradually
increasing the pollution. Micro-climatic changes
due to clear felling of native plant species
and construction of dams and reservoirs in
the fragile areas are of common occurrence
in the entire Himalaya.

(c) Landscape transformation and
landslides  These are natural phenomenon
in the Himalaya, but the rate is enhanced by
large-scale developmental activities as stated
earlier, deforestation and continuing use of
mountain slopes.

(d) Impact on water resources Shrinking
water bodies and their eutrophication have
been noticed in Loktak lake in Manipur,
Khichipur Lake in Sikkim and in many others.
Changes in the river course and flash floods
due to poor infiltration rates and poor
vegetation cover, modify perennial water
resources and change surface and groundwater



Table 13. Distribution of some threatened vertebrate species in the diferent States of Eastern Himalaya

MAMMAL

Species

W. B.
(Darjeeling)

Assam

Meghalaya

Manipur

Mizoram

Tripura

Nagaland

Arunachal

Sikkim

Nycticebus coucang
Macaca arctoides
M. nemestrina
Presbytis geel

P phayrei

P pileatus

Hylobates hoolock
Helarctos malayanus
Ailurus fulgens
Amblonyx cinereus
Arctonyx collaris
Arctictis binturong
Prionodon pardicolor
Felis marmorata
Felis temmincki
Felis viverrina
Neofelis nebulosa
Panthera pardus

P tigris

P uncia

Platanista gangetica
Elephas maximus
Rhinoceros unicornis
Sus salvanius
Cervus duvaucel
Cervus eldi
Moschus chrysogaster
Bos gauras

Bubalus bubals
Capricornis sumatraensis
Hemitraqus jemlahicus
Equus kiang

Manis pentadactyla
Caprolagus hispidus
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Table 13. (contd.)

Species

W. B.
(Darjeeling)

Assam

Meghalaya

Manipur

Mizoram

Tripura

Nagaland

Arunachal

Sikkim

AVES

Bambusiola fytchii
Aviceda jerdoni

A. leuphotes

Eupodotis bengalensis
Grus nigricollis

fthaginis cruentus
Ciconia ciconia
Batrachostomas hodgsoni
Buceros bicornis
Rhyticeros undulatus
Aceros nipalensis
Ptilolaemus tickelli
Anthracoceros malabaricus
Syrmaticus humei
Gypaetus barbatus

Falco peregrinus
Dendrocygna bicolor
Lophophorus sclateri
Pandion haliaetus
Polyplectron bicalcaratum
Tragopan blythi

T. temminckii
Crossoptilion crossoptilion
Cairina scutulata

REPTLIA

Gavialis gangetics
Crocodylus palustris
Trionyx gangeticus
T. hurum

Python molurus

P. reticulatus

AMPHIBIA
Pleurodeles verrucosus
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hydrology to create problem. Indiscriminate
lopping of broad leaved tree species leads to
the drying up natural springs.

B. Biological components :

(a) Impact on vegetation : The Eastern
Himalaya, with high biological diversity and
rich genetic resources are very fragile, because
of its low intrinsic resilience. Continued
human interference has resulted in the partial
collapse of this ecosystem. Clear felling has

Fig 10 : Slope cultivation in Eastern Himalaya
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resulted in poor recycling of nutrients, and
the forest, often fails to recover the original
state. This may results in the desertification
as happened in the entire West Khasi hills
district of Meghalaya. The settled agriculture,
the shifting cultivation, expansion of
agricultural land due to population pressures,
forest exploitation for fuel, fodder and timber,
selective collection of medicinal/ornamental
plants and major developmental activities are
responsible for the decline of forest cover
and fragmentation of habitats. The Eastern
Himalaya which had forest cover of about
76% as per assessment of 1997, has lost 783
km? of forest cover as per assessment of
1995. Considerable number of Orchid,
Rhododendron, Bamboo and medicinal plant
species have also become threatened. It has
been estimated that at least 300 species of
orchids are threatened in the region. The
genetic variability vis-a-vis genetic resources
are getting erroded in Arundinaria clarkei, A.
mannii, Bambusa mastersii, and some other
species of bamboo. Medicinal plants, e.g.,
Coptis teeta, Podophyllum hexandrum, Taxus
wallichiana, etc. have become threatned for
extensive  exploitation and habitat
destruction. Genetic resources in cultivated
plants have also been lost to a great extent
due to introduction of high yielding variety.

(b) Impact of fauna : Population of almost
all the faunal species of the region have
been adversely affected owing to combined
effect of habitat destruction/fragmentation,
hunting, poaching, illegal trade, hybridization,
random use of pesticides, landslides, flood
and others. Some of the species of
threatened category have already been
shown in Table 13. It has been found that
Brown Trout (Salmo trutta ferio), Mahaseer
(Tor spp.) and other stream fishes are
reduced in numbers mainly due to
construction of dams and reservoirs which
has caused obstruction in their migratory
routes and changes in their breeding places.
Reduction in forest cover and disturbances
within the forest have forced many of the
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species like Elephant, Wild boar, Deer,
Leopard, Tiger, etc., to invade human habitat
resulting damage of crops and other
properties, death of human beings, road kills
and severe man-animal conflict.

C. Socio-Economic Components

(a) Population and poverty : The
population of both human and their livestock
are increasing alarmingly over the entire area.
Such rise in population is now gradually
exceeding the carrying capacity of available
land. This had lead to overstocking of grazing
land and need for new agricultural land and
pastures. Consequently, the forested upper
slopes, which hitherto protected the slopes
from excessive erosion, are being cleared for
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cultivation, fodder and grazing. Emigration of
the young and physically fit members of the
population, leaving behind the old and least
fit, tends to result in inadequate land
maintenance practices. The emigration plays a
major role in the environmental degradation,
especially the further extension of ‘derelict land'.

(b) Tourism and recreation : Tourism and
adhoc planning of tourist activities in
environmentally sensitive areas has affected
the environment as well as wildlife to a great
extent. The use firewood for heating and food
preparation with inherent fire danger in the
ecologically sensitive areas is intricately
associated with the unrestricted tourist
movements. Camps, noise, and movement
through forests are disturbing the normal

Fig 11 : Alpine medow a favourite pastur for yak in Sikkim
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Fig 12 : Domistic Yak grazing in Rhododendron forest in Sikkim

activities of the wildlife as well as their
feeding and breeding grounds. The unused
materials, like plastic containers, glass bottles,
efc, are converting the hill stations into ‘slums’.

6. CONSERVATION

Above description is only a fraction of
what actually taking a huge toll of natural
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ecosystems and wildlife of the
Eastern Himalaya. Several species
specific as well as habitat specific
programmes have been adopted
for the management and
conservation of habitats and
wildlife through Indian Wildlife
(Protection) Act, 1972, Forest
Conservation Act, 1980,
Environment Protection Act, 1986,
several Conventions and other
measures. These include survey
and inventorisation, in situ
conservation through protected
area network, and ex situ
conservation. In addition,
Government is also providing
technical and financial supports to
biodiversity-related research in the
area either directly or through
non-government agencies.

The Botanical Survey of India and the
Zoological Survey of India are engaged mainly
in the floral and faunal exploration
respectively in the region. In order to
understand ecosystem functioning and to
scientifically manage protected areas, a number
of research projects are being carried out in
the region by the Wildlife Institute of India
ICAR, WWEF, diferent universities and many

Table 14. Number of National Parks and Wildlife Sanctuaries in the different States of
Eastern Himalayas. (Source : Anon, 2000).
National Parks Wildlife Sanctuaries

States Number Area (km?) Number Area (km?)
Arunachal Pradesh 2 2468.23 10 7114.45
Assam 5 1590.511 12 530.38
Manipur 1 40.00 1 184.00
Meghalaya 2 267.48 3 34.20
Mizoram ] 250.00 4 634.00
Nagaland 1 202.00 3 24.41
Sikkim 1 1784.00 5 26510
Tripura — — 4 603.62
Darjeeling, W.B. 4 362.45 6 697.03
Total 16 6647.89 49 10497.49
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other organisation. GB Pant Institute of
Himalayan Environment and Development
with a regional centre at Gangtok has
undertaken action oriented research for
development of technologies and
demonstration packages towards sustainable
development of Himalayan regions suited to
local specifications.

For in situ conservation a network of 16
National Parks and 49 Sanctuaries covering
about 17045.38 km? area has been set up in
the region (Table 14). Further, five Biosphere
Reserves have been notified in the Eastern
Himalaya. These are Nokrek in Meghalaya,
Manas and Dibru Saikowa in Assam,
Khangchendzonga in Sikkim and Dehang
Dibang in Arunachal. To ensure the
maintenance of viable population of tigers and
to preserve areas of biological importance,
four Tiger Reserves have been created in the
region. The Tura region in Garo Hills has
been demarcated as a gene sanctuary for
preserving the rich native diversity of wild
Citrus and Musa spp. Sanctuaries for
Rhododendron and Orchids have also been
established in Sikkim. Five botanic gardens in
this region have been established for ex situ
conservation.

7. FUTRE DIRECTION

No doubt, Government as well as NGOs
are working in a coordinated manner for the
conservation and sustainable development of
the region. But it is still a fact that the Eastern
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Himalaya, home of unique ecosystems, plants,
animals and other organisms, is undergoing
extensive changes in a negative direction. The
magnitude and rate of losses of biodiversity
at all levels are obvious but poorly
documented in this region. A Geographical
Information System based upon past and
present inventories of habitats, forests, and
species could supply some of necessary
information, but follow-up projects to obtain
and supply more accurate and detailed data
are also important. Specifically, the
conservation status of existing biodiversity
should be assessed and efforts to restore
degraded ecosystems to be accelerated.
However, the most critical aspect of
preservation of ecosystems in the eastern
Himalaya is the formulation of programmes
and development of institutions to catalogue
and change the present usage of biological
resources. If human factors causing
biodiversity loss are not addressed, the losses
will continue inspite of conservation efforts.
The public must be informed about the real
costs of loss in biodiversity. An effective
conservation policy based on a better
understanding of biological resources and
human use of biodiversity would require new
mechanisms of co-operation among local
communities, government agencies and non-
government organisations. To be really
effective, all conservation programmes for the
Eastern Himalaya must first address human
use of bioresources; if human needs are not
met, depletion of biological diversity will
inevitably continue.
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1. INTRODUCTION

The Himalaya or the mountainous zone is
the loftiest range of the world, extending
between 26° 20" and 35° 40" N longitudes
and 74° 50’ and 95° 40" E latitudes, with a
total area of 100 million hectares. It extends
uninterrupted from Pamir Knot in the extreme
northwest to Arunachal Pradesh in the east.

The width of these mountains decreases
gradually from about 400 km in the west to
about 150 km in the east. The traditional
limits being the Indus valley in the west, to
Brahmputra in the east. It literally forms a
“gigantic arch” which separates the Indian
plains from north Tibet and central Asia.

The Himalaya is divided into two
biogeographic zones—the Trans Himalaya and
the Himalaya.

>

1 — Trans- Himalaya
2 — North-West Himalaya
3 - Western Himalaya

4 (A-C) - Eastern Himalaya
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Fig. 1 : Biogeographic divisions of Indian Himalaya (only coloured area dealt with in the article)
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Fig 2 : A view of mountain ecosystem in Western Himalaya

Geographically the Himalava is divided
into:

(i) The Eastern Himalaya,

(ii) The Central or Nepal Himalaya
(iii) The Western Himalaya and

(iv) The North-West Himalaya

It is quite evident that the Himalaya lying
within the Indian territory excludes central
Himalaya. Considering both geographic and
biogeographic divisions of Indian Himalaya
(Rodgers and Panwar, 1988; Ahmad et al. 1990;
Nandi, et al. 2000) and for the convenience of
biodiversity analysis, Alfred et al. (2001) have
divided it into four zones, viz., (i) Trans-
Himalaya, (ii) North-West Himalaya, (iii)
Western Himalaya and (iv) Eastern Himalaya.
Out these, the present article reviews the
status of ecosystems and biotic diversity of

the Western Himalaya which includes 8 hilly
districts of earstwhile Uttar Pradesh (now
known as Uttaranchal). This is the smallest
division (length approx. 30 km) amongst the
four referred earlier. It lies between River
Kali and the great defile of River Sutlej and
comprises Garhwal and Kumaon hills. It is
located between 29°5°-31°25’N latitudes and
77°45’-81°E longitudes covering an area of
51,124 km? and comprises 9.62% of the
Himalayan region (Nandi, et al. 2000).

2. BIOLOGICAL DIVERSITY

2.1 Ecosystem/Habitat diversity

2.1.1 Forest Cover: The forest vegetation
diversity of the Western Himalaya is
influenced by the topography, soil, climate and
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geographical  location.  The
altitudinal variation and rainfall
pattern has also contributed to the
vegetation diversity. The
vegetation diversity of this region,
may be divided into:

Tropical Forest (500 m - 1000
m) : Terai and Bhabar belt of sub-
Himalayan tract sub-divided into:
a) Scrub Forest; b) Deciduous
Forest; ¢) Savannah Forest.

Sub-tropical Forest (1000 m -
2000 m) : Subdivided into : a)
Broad-leaved Forest;
b) Pine Forest (1500 m - 1800
m); ¢) Subtropical evergreen For-
est (1800m - 2000 m).

The dominant species are
Shorea, Terminalia, Albizzia, Cedrela,

Fig. 4 : Alpine Meadows in Western Himalaya

Bischofia, Salmalia, Arctocarpus and (Courtsey : B.P. Uniyal, Wil, Dehra Dun)
Michelia.
Temperate Forest (2000 m - 3000 m) : Sub-alpine Forest (3400 m - 4000 m) : This
a) Broad-leaved Forest; b) Conifer Forest. forest appears above the timberline having
The dominant species are Quercus, Acer, only scattered stunted bushes, mainly of
Betula, Ulmus, Prunnus, Populus, Fraxinus, Juniperus communis, |. wallichiana, Rhododendron
Pinus, Cedrus, Picea and Rhododendron. campanulatum, etc.

Alpine forest (4000 m - 5000 m)

This forest type in Western
Himalaya exhibits an enormous flo-
ristic and vegetation diversity and
marks the upper limit of vegeta-
tion in the Western Himalaya.
There are a variety of orchids,
medicinal plants, horticultural
plants, economic plants, bamboo,
wild germ plasm of some cultivated
species and even plants of botani-
cal curiosities. The common species
are Albies, Betula, Juniperus and
Rhododendron.

2.1.2 Wetlands : By virtue of
its extensive geographical stretch,
varied terrain and climate, the
Himalayan mountain ranges are
bestowed with a series of wetland

habitats. The entire Himalayan
Fig. 3 : A lush green temperate forest in Western Himalaya region being a cradle of a large
(Courtsey : B.P. Uniyal, WIl, Dehra Dun)

number of streams and mighty
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rivers ensures the availability of water for
the whole subcontinent. The most important
being the Rivers Ganga, Yamuna, Bhagirithi,
Ramganga, Kosi, Sharda, Suryu and their
tributaries and the largest water body in the
form of Mansarover Lake, adorns the wetland
ecosystem of the region. These wetlands
exhibit tremendous faunal diversity from
Protozoa to Mammalia.

2.2 Species diversity

2.2.1. Floral: The Western Himalaya
embodies one of the most important and
fascinating vegetation zone of Himalaya with
diverse and peculiar biotic forms and diverse
topographical and climate zones. The
deterioration of habitats and exploitation of
economic plants coupled with other
developmental factors are creating a great
stress to these biotic forms.

The distribution and composition of
timberline change with latitude. The
timberline stretches between 3000-3500 m ASL
and contains three diverse physiognomic types,
i.e.,, evergreen broad-leaved, evergreen
middle-leaved and deciduous broad-leaved.

The economic plant wealth of this region
is outlined with reference to wild edible
plants, medicinal plants, aromatic plants, oil
yielding plants, dyes, gum, resins, ornamental
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plants, fodder and fuel resources, fibers and
cordage plants and plants of botanical
curiosities.

Owing to a great variety of physiographic
and phytoclimatic conditions the Himalaya
fosters almost all types of vegetation from
humid tropical evergreen to moist mixed
deciduous sal forest, marshes, swamps, mixed
deciduous forest, subtropical pine forest,
broad-leaved temperate forest, moist
temperate broad-leaved forest, temperate
conifer forest, subalpine and alpine vegetation,
alpine meadows and alpine scrub.

The vegetation of the Western Himalaya
region is characterised by drought resistant
and cold-loving plants belonging mostly to
Coniferae, Leguminosae, Asteraceae, Poaceae,
Rosaceae, etc. In the cold dry valleys at high
altitudes the landscape is dominated by Abies,
Cedrus, Picea, Pinus, Quercus, Rhododendron
forests, with Betula utilis- Abies spectabilis
association around 3600 m marking the tree
limit in this region. However, in the cold arid
regions of Ladakh, Lahaul-Spiti, Melam,
Malavi and Nelang, the vegetation is
conspicuous by the absence of tree species,
except Juniperus macropoda in Lahaul valley.
The flora here is represented by alpine scrubs
and is characterised by highly specialised cold
desert elements, like Arenaria seryillifolia, Nepeta

Table 1. Plant diversity in the Himalaya (aproximate)

Taxa Total number of species
Himalayan Region India

Angiosperms _ 8000 (3200) 17000 (5400)
Gymnosperms 44 (7) 54 (8)
Pteridophytes 600 (150) 1022 (200)
Bryophytes

Liverworts 500 (115) 843 (166)

Mosses 1237 (450) 2000 (820)
Lichens 1159 (130) 1948 (423)
Fungi 69000 {1890) 13000 (3000}

Source : Singh, D.K. & PK. Hazra (1996)

Note: Figures in the parenthesis represent the number of taxa considered endemic to Himalayan/indian region.
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tibetica, Lancea tibetica, Draba lanceophylla,
Allardia  tomentosa, Thermopsis inflata,

Pagaeophyton scapiflorum, Trigochline maritima,
Hippophae rhamnoides, etc., which variously
modify themselves to ward off extreme
climatic conditions because of almost negligible
precipitation and excessive dryness. As a part
of their survival strategy these plants acquire
bushy and diminutive cushion, clump or mat
forming habit ranging from just a few
centimeters to about 50 cm.

The Himalayan ranges are the richest in
the floristic diversity in the country. Out of
about 17000 flowering plant species (belonging
to about 315 families) estimated to be
occurring within the present political boundary
of India, about 8,000 species (of which 3169
are endemic), belonging to over two hundred
families are present in this region.

The richness of this great diversity is well
appreciated considering the fact that the
Himalaya represents just 12% and 0.3% of the
total landmass of India and the world re-
spectively. In the present state of our knowl-
edge the Western Himalaya alone harbours
5,000 taxa. The flora of western Himalaya is
comparatively best understood than that of
Eastern Himalaya, a considerable portion of
which is botanically still terra incognita.

Orchidaceae with over 750 taxa represents
the largest flowering plant family in the
Himalaya, followed by Asteraceae (734),
Poaceae (517) and Leguminosae (507). The
different flanks of Himalaya have, however,
their own floristic composition.

On the other hand a number of families,
such as, Biebersteiniaceae, Basellaceae,
Coriariaceae, Daphniphyllaceae, Datiscaceae,
Dorascaceae, Droseraceae, Phrymaceae,
Pyrolaceae, Plantaceae, Hamamelidaceae, etc.,
are represented by just a single species in the
Himalaya. Even a number of monotypic
families, like Podophyllaceae, Moringaceae,
Hippuridaceae, Myricaceae, Ceratophyllaceae,
Circeasteraceae, Butomaceae, Tetracentraceae,
Stachyuraceae, etc., have also been reported
to be occurring in this region.
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Similarly, Primula, Impatiens and Carex, each
with more than hundred species and
intraspecific categories, are amongst the largest
genera in the Himalaya. Yet the different
sectors of the Himalaya exhibit individual
pattern of generic dominance.

Apart from the high endemism in the
Himalayan flora, the floristic elements from
neighbouring territories, such as, Afghanistan,
Tibet, Turkistan, Siberia, Europe, USSR, China
and Myanmar have also contributed
significantly towards its richness because of
contiguous geographical nature of the territory
and other phyto-geographical phenomenon.
The region is also far richer in the number
of legume species as compared to that in the
Eastern Himalaya, as also in the number of
timber species, such as, Acacia, Albizzia and
Delbergia species.

2.2.2. Fauna: The Himalayan ecosystem is
unique, and perhaps no other single
geographical feature had greater influence on
the life, culture and history of the people of
the Indian subcontinent than these mountains.
In fact the Himalaya is the richest
representative of the natural resources and
biological needs. An annotated list of 2672
species, including 1837 invertebrates and 835
vertebrate species has been reported, as
below, from Western Himalaya (ZSI, 1995).

Invertebrates Cnidaria (01 species),
Mollusca (56 species), Annelida (57 species),
Crustacea (07 species), Arachnida (105 species),
Chilopoda (21 species), Odonata (140 species),
Plecoptera (20 species), Orthoptera (97 species),
Dermaptera (43 species), Isoptera (44 species),
Hemiptera (250 species), Trichoptera (60
species), Lepidoptera (230 species),
Hymenoptera (600 species) and Coleoptera
(106 species).

Vertebrates : Pisces (124 species), Amphibia
(19 species), Reptilia (69 species), Aves (521
species) and Mammalia (102 species).

Comprehensive inventories on the faunal
diversity of protected areas in the region, such
as, Corbett National Park (1987), Rajaji
National Park (1995) and Nanda Devi
Biosphere Reserve (1989, 1997) have also been
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made. A brief account of the faunal
components and their biodiversity in various
faunistic groups in the Western Himalaya
ecosystem have been given below.

Invertebrates

Cnidaria : Freshwater medusae have been
found to be present in low altitude lakes in
Kumaon hills. Hydra wvulgaris, a hydroid,
inhabits Bhim Tal lake.

Mollusca : 56 species (28 genera and 17
families) have been reported from the area,
of which six species of land molluscs are
endemic to Western Himalaya. Anadenus, a
genus of slug, is confined to altitudes between
2000-3000 m while the species of Macrochlamys,
Syama and Bensonia, etc., are found well above
3000 m. Globe trotting species like Achantina
fulica introduced nearly a century back at
Mussoorie failed to survive there. However,
the molluscs seem to be thriving very well in
the foothills and Siwaliks. Thus, out of 56
species, 35 have been found to occur in Dehra
Dun district.

Annelida : While 20 species of leeches have
been recorded from the forest zone, as many
as 37 Oligochaete species occur both in
terrestrial and aquatic habitats. Four species
of earthworms are found in the lakes of
Kumaon hills. Having been widely distributed
in the ecosystem the earthworms form a
dominant component of the fauna in some of
the niches but with a little less endemicity as
compared to that of Eastern Himalaya. The
animals are of economic importance due to
their role in vermi-composting and
vermiculture.

Crustacea : It comprises Crabs, Shrimps,
Isopods and various kinds of zooplanktons.
The group constitutes a major food component
for aquatic insects and fishes. Only 7 species
of the group have been identified so far and
recorded from Garhwal and Kumaon hills.

Arachnida : A total of 105 species of
Arachnids. comprising of scorpions and spiders
are known from the ecosystem.

Scolopendromorpha : 21 species of the
centipedes, belonging to seven genera and one
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family, are known to occur. This includes
some new species and subspecies, viz., Rhysida
corbetti, Rhysida monalii, Rhysida longicarinulata
and Otostigmus poonamae from the ecosystem.

Insecta

Odonata : 140 species out of a total of 499
known Indian species of dragonflies, have
been reported from the Western Himalayan
region alone, including a considerable number
of new species and a large number of new
records from the ecosystem.

Plecoptera : About 20 species including a
small number of endemic forms are known
to represent the ecosystem. The dominant
genera being Amphinemoura and Indonemoura,
while Rhadiopteryx lunata has been recorded
to be very common above timber line up to
an elevation of 4800 m in the West Himalaya.

Orthoptera : 97 species of orthopterans
belonging to Acridoidea, Grylloidea,
Tetrigoidea and Tridactyloidea have been
chronicled from Garhwal and Kumaon hills.

Dermaptera : About 43 species of earwigs
mostly belonging to the genera Allodahia,
Anecura, Forficula and Isolaboides, exhibiting
strong Palaearctic affinities, occur in the region.

Isoptera: These are economically very
important group of insects that damages
timber. 44 species belonging to Kalotermitidae,
Stylotermitidae, Rhinotermitidae and
Termitidae are known from the region. The
general distribution pattern is Oriental.
Interestingly, the relict termite, Archotermopsis
wroughtoni is found to occur up to an altitude
of 3655 m in Western Himalaya. A number of
endemic forms and new species have also
been reported from the region.

Hemiptera : The group comprising bugs,
aphids, scale insects, etc., is known to be
represented by as many as 250 species.

Trichoptera : Caddisflies also constitute
another major group of amphibiotic insegts in
the ecosystem. About 60 species are known
from Western Himalaya, 60% of which
belongs to the family Rhyacophilidae. The
cosmopolitan and the most dominant genus
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is Rhyacophila. The caddisflies play an
important role in the food chain within the
freshwater ecosystem and are of great
importance in nutrition and management of
fisheries.

Lepidoptera Butterflies and moths
constitute one of the largest group of insects
in Western Himalaya and have assumed
tremendous importance on account of
economic considerations since most of their
larval stages are herbivorous and, as such,
cause extensive damage to their hosts
including plants of economic importance.
About 230 species of butterflies from Garhwal
and Kumaon region are known. Several of
these species are under the threat of
extinction.

Hymenoptera : Out of about 1200 species
of the family Ichneumoniidae known from
India, 25% of the species are known from
the Western Himalaya alone. About 200 species
represent Vespoidea, Apoidea, Chalcidoidea
and Proctotrupopidea. These are the insects
of economic importance since most of them
parasitise the eggs and larvae of the pest of
crops and can be effectively used as agents
for biological control of insect pests. A total
of about 600 species of hymenoptera are
known from this region.

Coleoptera : Beetles are of great economic
importance so far as their role in damaging
timbers, foliage, horticulture, agricultural
crops, being borers of soft wood, hardwood
and felled trees, defoliators, seed borers and
stored grain pests, etc.,, during their various
stages of growth. More that 690 species are
reported from the Northwest Himalaya.
However, 106 species of beetles have so far
been identified from the Western Himalaya.

Vertebrates

Pisces : 124 species, including new spe-
cies, new records and introduced species are
known from this region, the most important
being Mahaseer (Tor putitora) and Snow Trout
(Schizothorax richardsonii), which are widely
distributed in lesser Himalaya among all the
major rivers and their tributaries. Both the
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species are highly endangered due to inter-
ference in their migratory routes and breed-
ing grounds by the construction of hydro-
electric dams, which obstruct their migration
to spawning grounds and back. Serious con-
servation measures need to be undertaken for
the conservation of these species.

Amphibia : 19 species of frogs and toads,
including three new species have been
reported from the region.

Reptilia : The fascinating snakes, lizards,
testudines and crocodiles constitute this group,
represented by 69 species from Western
Himalaya.

Fig. 5 : Western Tragopan (Tragapan melanocephalus)
(Female) (Courtsey Rames, K., Wii, Dehra Dun)

Aves : As many as 521 species of birds
have been reported from the Himalayan
ecosystem, which includes pheasants, hill
stream birds, forest birds and a large number
of water birds. A number of migratory
waterfowl from temperate region visit the
natural lakes and man made wetlands in this
region in lakhs during winters.

Mammalia : Mammalian fauna of the
ecosystem is most fascinating and diverse
because of varied ecological conditions at
different altitudes. Little over 100 species of
mammals are known to occur presently, some
of which are already threatened and listed in
Schedule I of Wildlife (Protection) Act, 1972.
The mammals are represented by five
insectivore species, 27 species of bats and
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Fig. 6 : Himalalyan Tahr (Hemitragus jemlahicus)
(Courtsey : Otto Fisher, WIl, Dehra Dun)

flyving fox; Rhesus Macaque and Langoor;
Pangolin; Indian elephant; 26 species of
carnivores, important of them being Snow
Leopard, Leopard, Leopard Cat, Tiger,
Caracal, Lynx, Jungle Cat, Civet, Hyaena

Weasel, Martin, Brown/Black/Sloth
Bears, Jackal and Foxes; five species
of Deer besides Giant Flying Squirrel,
Palm Squirrel, Himalayan Marmot,
Porcupine and several species of rats
and mice.

3. SPECIAL FEATURES

The diversity of faunal components
in the Himalaya clearly indicates the
extent of fauna restricted to the for-
est zone and above the timberline,
including a remarkably high percent-
age and predominance of Indo-Ma-
layan elements. Besides the ende-
mism, the Western Himalaya shows
central Asian and Palaearctic affini-
ties. The richness of fauna is dis-
tinctly higher in forest zone especially
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in the broad-leaved wet forest area than in
nival zone. The DPalaearctic forms generally
increase towards the west; the endemic forms
in the forest zones are poor and the fauna
generally comprises tropical elements derived
from Oriental region. The oriental faunal el-
ements disappear gradually towards the west
but some of them may still be found in parts
of Kashmir. There is more complete intermin-
gling of Oriental and Palaearctic elements
among vertebrates than invertebrates. Then
gorge of the River Sutlej forms the biogeo-
graphical transition between the eastern hu-
mid tropical and western largely steppe fauna
in the Himalayan forest zones. Thus the Ori-
ental element is generally restricted to the
east of this river while the Ethiopian and
Mediterranean elements are found west to the
river though infiltration of these elements on
either side is not uncommon. The fauna above
the timberline is strikingly different from that
of forest zones, relatively sparse, characteris-
tically lacking in tropical Indian, south Chi-
nese and Malayan derivatives, and comprises
almost exclusively of endemic cold adapted
Palaearctic elements. Among the vertebrales,

Fig. 7 : Typical Himalayan tahr habitat
(Courtsey : Vinod, T.R. WIl, Dehra Dun)
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the fishes and the amphibians are almost
totally absent, reptiles are present in poor
numbers while the birds and mammals are
moderately abundant.

3.1 Endemic species

Broadly endemics are of two types : those
who are the relict as the last remnant of old
taxa and whose distribution has shrunk and,
those that are of recent origin which did not
have the time to extend their range. It appears
that in Western Himalaya the endemic of the
second category is found. The endemism in
the Himalayan biota is further related to a
number of physical and biological factors.
There is a considerable diversity in geology,
geography, soil and climate giving rise to
many ‘micro’ and ‘macro’ habitats. The
diversity in the flora is particularly apparent
in vegetation types. The three major factors
operating simultaneously are longitude,
latitude and altitude. Additionally, the
Himalayan biota is wunder different
biogeographic influences, viz., Palaearctic,
Mediterranean, Sino-Japanese, Indo-Malayan
and Peninsular India. Still there is a
considerable degree of endemism.

4. INTRODUCED BIODIVERSITY

With the continual degradation and
depletion of forest floor, the areas which were
earlier inaccessible are now being cultivated
with the fast growing forest and fruit tree
species of temperate region up to high
altitudes. Such cultures have brought with
them introduced variety of fauna specially
pests of crops, fruit trees and forests, as also
the viruses. With the growing tendency of
social forestry and ornamental plants, the
advent of soil microarthropods, annelids,
centipedes, millipedes, etc., has increased,
which may establish and may also be
threatening to the local population of species.
For instance exotic fishes like Brown Trout
(Salmo trutafario) and Rainbow Trout (Salmo
gairdnerii) were introduced by the British
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administrators for sports in the cold water
streams of Himalaya. Realizing their potential
as a food fish, these trouts are now being
cultured in large scale in the parts of Kashmir,
Himachal Pradesh, Garhwal and Kumaon hills.
Since these trouts are carnivorous they
adversely affect the natural population of
endemic Mahaseer (Tor sp.) wherever cultured.
Similarly the weeds like Lantana sp. and
Parthenium sp. introduced for some other
purpose have now become menace and their
erradication has become a problem in the
cultivated- and semi-cultivated lands.

5. VALUE

Since the Himalaya literally forms a gigantic
arch, which separates Indian plains from north
Tibet and central Asia, any degradation of
Himalaya will have a profound effect on the
environment of Indian plains and central Asia.
Therefore, it is of utmost importance to
conserve this rather fast deteriorating and
fragile ecosystem as a number of endemic
species are present in this ecosystem. These
are adapted to the characteristic environmental
conditions prevalent there specially in the nival
zone. In addition, there are a number of
species, which are threatened due to large-
scale destruction of their habitats. Considering
the ecosystem as a gene bank, if the
populations of these species are reduced, there
may be genetic drift and gene loss, which is
an important loss.

6. THREATS

There are manifold causes for the loss of
biodiversity. Some of these are the rapid
expansion of industries and agriculture,
urbanization and large-scale development
projects like dams, highways, mining and
increased intensification of human activities.
These activities have led to destruction of the
habitats, pollution and over utilization of
biological resources, which have resulted in
the rapid erosion of India’s biodiversity.
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Trade in wildlife and its
derivatives is a phenomenon
seriously affecting global

biodiversity. Despite stringent
protection it continues unabated
illegally for want of serious
punitive measures and penalties.
The Himalayan region is
considered as a hotspot for global
biodiversity and as such the trade
and utilization from this region
constitute a serious threat to its
ecology. As expected, plants and
plant produce are among the
heavily traded species. Among
fauna, musk from the Himalayan
Musk Deer (Moschus chrysogaster),
bile from Himalayan black bear
(Ursus arctos), mammalian furs,
wool and butterfly form the
‘backbone of the himalayan species
in trade’

The Himalayan Black bear, the Brown bear
and Musk deer are the most threatened
species, poaching of which for trade in musk
and bile, etc., continues unabated into
astronomical values, although the flora Ladies-
slipper Orchids (Paphiopedilum species) remains
the leader in quantum of illegal trade.

Fig. 8 : Himalayan Musk deer (Moschus chrysogaster)
(Courtsey : S. Sathyakumar, WIl, Dehra Dun)

Due to ever increasing human activities in
the hills especially since about last century or
so there has been lot of biotic pressure on
the Himalayan ecosystem. Local communities
for subsistence needs used the forests of the
hills till 19th century. Traditional societies
depended more upon the utilization of non-
timber forest products while utilization of
timber resource was kept minimum. However,
intensive depletion of forests due to logging
started by the beginning of 20th century so
as to meet the national and global timber

About 20 species are categorized as
“possibly extinct” as these species have not
been sighted in India during the last 6-10
decades, while the Indian Cheetah, the Pink-

demands. headed duck and Mountain quail have become
Table 2. Faunal Diversity and Endemism in Himalaya
No. of species
Taxa Western Central Eastern NE Total from
Himalaya Himalaya Himalaya Himalaya Himalaya/
(314-3322 m) (618-2005 m) (1871-5000 m) | (395-2500 m) Endemic/
typical
to Himalaya
Reptilia 32 30 60 90 149/29/nil
Amphibia 17 16 26 54 74/5/25
Pisces 80 130 44 159 218/56/35
Source : Ghosh, AK., 1996
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Fig. 9 : Typical Himalayan Musk deer habitat (Courtsey : Vinod, T.R., WIl, Dehra Dun)

extinct. 81 species of mammals, 47 birds, 15
reptiles, 3 amphibians and equally large
number of butterflies, moths and beetles,
besides 1500 species of plants are considered
vulnerable and endangered. Unfortunately
illegal trade still continues in ivory, Rhinoceros
horns, musk, Peacock feathers, snake skins
and certain threatened plants species including
orchids. The Tables 3 and 4 indicate the list
of threatened and endangered fauna.

Most of the world’s biodiversity is present
in the developing countries. The tropical zones
are particularly rich. Although ecssentially
falling in the temperate region, the climate of
Himalaya varies from near sub-tropical to
tropical, temperate, alpine to other extremes

of arctic conditions, with permanent snow at
high altitudes. The region is vulnerable to
various pressures related to natural, economic,
developmental and the population causes.
Estimates may vary but it is certain that the
biodiversity in the Himalaya is now being
lost at an alarming rate, giving rise to wide
spread concern. This is evidenced in the
substantial increase in the interest accorded
to the biodiversity conservation programme
in the Himalaya.

The percentage of the threatened taxa in
this fragile ecosystem is comparatively much
higher with a break up, Mammals 38%, Birds
21%, Reptiles 20%, Butterflies 13% and Beetles
2% of the respective groups. Freshwater and
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soil fauna is under tremendous stress due to
organic and chemical pollution of ponds,
strcams and wetlands.

In light of the developmental nceds of the
area, various case studies reviewing specific
conservation problems have been undertaken
and are also in process. Yet the threat to the
traditional practices and cultural beliefs of the
people of the Himalaya region is always on
the rise, besides the remarkable change in the
status of biodiversity over the past few years.
Coupled with this, there has also been a
significant change in the people’s perception
of the biodiversity. We have literally moved
from the era of sports hunting to game
preservation followed through a phase of
wildlife protection, to that of the current
approach of conserving the habitat and
biodiversity as a whole. Being a part of the
developing nation, in Himalaya too we are
loosing biodiversity due to habitat alteration,
over-exploitation, urbanization and increased
anthropogenic pressures.

The wetland biodiversity in the Himalayan
Region is also subjected to a lot of
anthropogenic pressures. Major upstream
changes have resulted in the hydrological
changes and increased output of nutrients and
sediments. The man made barricades and
construction of hvdroelectric projects, drainage
and flood control have added to the gravity
of the problem and greatly affected the
hvdrological regime of the region. Massive
deforestation has reduced residual cover and
altered plant succession to the disadvantage
of wildlife.

7. CONSERVATION

India is actively involved in biodiversity
conservation and is cooperating with other
nations in this regard. India is a contracting
party to a number of International treaties/
conventions relevant to biodiversity. The total
obligation in existing treaties falls short of
the demands of an adequately comprehensive
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system. The Convention on Biological
Diversity attempts to meet any of these
demands and CBD is the first treaty to
concentrate specifically on the conservation
and sustainale use of biodiversity.

India, alongwith 166 other countries signed
the CBD during UNCED Earth Summit held
at Rio De Janeiro, Brazil in July 1992. The

Table 3. Some threatened fauna of
Northwest and Western Himalaya

Common Name Scientific name

Mammals :

Barking deer Muntiacus muntjak
Bharal Pseudois nayaur
Caracal Felis caracal

Chital Cervus axis

Indian fox Vulpes bengalensis
Common langur Semnopithecus entellus
Fourhorned antelope Tetracerus quadricornis
Goral Nemorhaedus goral
Himalayan tahr Hemitragus jemlahicus
Himalayan brown bear Ursus arctos

Himalayan crestless Hystrix hodgsoni
porcupine

Himalayan ibex Capra ibex
Himalayan palm civet Paguma larvata
Himalayan black bear Selenarctos thibetanus
Hog deer Axis porcinus

Striped Hyaena Hyaena hyaena

Small Indian civet Viverricula indica
Indian elephant Elephas maximus
Indian wolf Canis lupus pallipes
Jungle cat Felis chaus

Kashmir stag (Hangul) Cervus elaphus hanglu
Leopard Panthera pardus
Leopard cat Felis bengalensis
Lynx Felis lynx isabellinus

Markhor Capra falconeri
Common Mongoose Herpestes edwardsi
Musk deer Moschus chrysogaster
Nayan Ovis ammon hodgsoni
Nilgai or Blue Bull Boselaphus tragocamelus
Pallas's cat Felis manul

Pangolin Manis crassicaudata

Red fox VWulpes vulpes

Rhesus Macaque Macaca mulatta
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Table 3. (contd.)

Source

Faunal resources in the Himalaya (1996).
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convention has come into force w.e.f. 29"
December, 1993.

The extent of protected areas in Himalava
is onlv 5% of its total surface, which is too
little for such a unique and fragile ecosystem
under sustained anthropogenic pressures. The
protected areas should be revised to at least
10% of the ecosvstem.

Within the eight hills districts of Western
Himalava (Garhwal & Kumaon), the following
protected areas are very significant for the
wildlife values and their faunal diversitv.

1. Corbett National Park (Distt. Nainital),

2. Rajaji National Park (Distt. Dehra Dun
and Pauri),

Source: Red Data Book I, ZSI (1994)
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3. Nanda Devi Biosphere Reserve—A
World Heritage Site (Dist. Chamoli,
Almora and Pithoragarh),

4. Valley of Flowers National Park (Dist.
Chamoli).

5. Kedarnath wildlife sanctuary (Distt.
Chamoli), and

6. Gobind Pashu Vihar (Dist. Uttarkashi)

In the above protected areas in this region,
despite tremendous anthropogenic pressures,
tourism, grazing, etc, the status of space,
forest cover and wildlife still seems to be
satisfactory, although some new protected
areas to bridge the gap between high and
low altitudes are yet to be identified.
Management of existing forests needs
improvement as is evident from the faulty
ratio between seedlings, immature, mature and
very old trees; pruning, especially conifers
reduces cover for protection of soil,
overgrazing and trampling. There is hardly
any decline in illegal felling of forest trees
and killing of wild animals. Population of live
stock and human beings is on the increase.
So is the case with the construction of
hydroelectric projects. The situation is
becoming alarming day by day.

8. FUTURE DIRECTIONS

The mountains in general, and the Himalaya
in particular comprise one of the world’s
remaining intact wilderness, and were
relatively better protected than most other
biomes till very recently. The rich biodiversity
is, however, severely threatened by various
human dimensions.
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The information available on different
aspects of biodiversity in the Himalaya is still
grossly inadequate. It is imperative to identify
gaps in our knowledge, including the
importance of maintaining biodiversity but the
message has not percolated to the grassroots.
It requires an effective tool of dissemination.

The issues related to Himalayan
biodiversity conservation are location specific
in their real perspective and mostly relate to
the scarcity and inefficient management of
necessities of sustenance. It is also important
to develop action oriented strategies at
different levels, including scientific inputs,
people’s participation, etc.,, as effective tools.

Planning for conservation of biodivesity can
be approached in two ways: (i) ecosystem or
habitat based and (ii) species based.

While the ecosystem based approach
attempts to conserve the representative habitat
types or ecosystem through designation of
network of protected areas or through control
on the use of land, the species based approach
implies review of taxa identifying new species
considered to be of high priority for
conservation.

In order to control losses in biodiversity
and restore degraded ecosystems, we need
to have a full assesment of the magnitude of
such losses that stem from the utilization of
biodiversity, and the factors that promote the
unsustainable use of biotic resources. An
important aspect is to strengthen the
measuring, monitoring and management of
biodiversity and evaluate our conservation
strategies in the light of human needs for
biomass with coordinated approach to sustain
protection of both areas and diversity as seen
in totality.
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Mountains : North-West Himalaya
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1. INTRODUCTION

The Himalaya constitutes one of the
youngest mountain systems in the world and
froms a gigantic physical barrier between the
high plateaus of Tibet and Central Asia, and
the Indian plains. They are about 2500 km
long, extending from the River Indus in the
west to the River Brahmaputra in the east.

Geographically, the Himalayan ranges are
subdivided into four major zones: East or
Assam Himalaya, Central or Nepal Himalaya,
West or Kumaon-Garhwal Himalaya and
North-West or Himachal-Kashmir Himalaya.
Each zone is characterised by distinct climatic
conditions and biota.

This article reviews the status of ecosystem
and biotic diversity in the North-West

1 — Trans- Himalaya
2 — North-West Himalaya
3 — Western Himalaya
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Fig. 1 : Biogeographic divisions of Indian Himalaya (only coloured area dealt with in the article)
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Himalaya covering the states of
Himachal Pradesh and Jammu &
Kashmir excepting Ladak, Kargil
and Spiti areas which constitute a
separate and distinct unit, Trans-
Himalaya and is dealt with in a
separate article.

The floral and faunal diversity
in Himachal Pradesh and Jammu
& Kashmir is very rich and
diverse, primarily due to varicd
climatic conditions ranging from
tropical in the foothills to arctic
environment in the Trans-
Himalayan region. Historical influx
of  biota from adjacent
biogeographical regions and
subsequent speciation in relation to
local environment has also
enriched the biotic resources of
the area. The state of Himachal
Pradesh is unique as it is the only
Himalayan region which is divided into
eastern and western parts by an antecedentary
river, the Sutlej, established much before the
uplift of the Himalaya. Himachal Pradesh,
therefore, encompasses parts of both the
North-West Himalaya and the Kumaon-
Garhwal Himalaya. This important
geographical feature has significantly
influenced the biogeography of this region.
Like rest of the North-West Himalaya, the
biota at higher elevations in Himachal Pradesh
is Palaearctic, the dominant elements being
derived from the Turkemenian and the
eastern extension of the Mediterranean sub-
regions. The Oriental species from the east
are also encountered in the foothills and the
Lesser Himalayan region of the state.
Although it is difficult to delineate a boundary
between the Oriental fauna of the east and
the Palaearctic elements of the North-West
Himalaya, the Sutlej defile appears to mark
this biogeographical separation. The biota of
Jammu & Kashmir is largely of Palaearctic

origin.
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Fig. 2 : Great Himalayan National Park (N-W Himalaya, district
Kullu, Himachal Pradesh)

2. DESCRIPTION

The states of Himachal Pradesh (56,090 sq
km) and Jammu & Kashmir (2,22,235 sq km)
cover an area of 2,78,325 sq km, between
approximately 30°18" and 72°06" N latitudes
and 72°30" and 79°04" E longitudes. They are
located in the North-West and Western sectors
of the Himalaya. The principal parallel ranges
from the south to the north comprise of the
Siwaliks, the Lesser Himalaya, the Great
Himalaya and the Trans-Himalayan Zanskar,
Ladakh and Karakoram. The Siwalik ranges
represent the southernmost zone of about 40-
60 km width, comprising several highly
eroded low ridges. A zone of medium to high
ranges (about 80 km wide), the Lesser
Himalaya runs north of the Siwaliks and
parallel to the main range. The principal
ranges in this zone are the Pir Panjal, the
Dauladhar and the Nag Tibba. North of the
Pir Panjal in Jammu & Kashmir lies the famous
Kashmir Valley, which is the largest valley in
the entire Himalayan range. It is about 135
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km long and about 40 km wide, and has an
area of about 4865 sq km. The Great
Himalayan range lies just north of the Kashmir
Valley and the Chandra-Bhaga (Chenab) river
in the Lauhal-Spiti and Pangi regions of
Himachal Pradesh. This range is nearly 24 km
wide and comprises the great peaks rising up
to an elevation of over 6000 metres amsl.

The area extends from the plains of
Haryana and Punjab, and adjoining mountains
of Uttar Pradesh to Pakistan in the west,
Tibet, and Central Asia in the north. Its
topography favours a wide range of altitudinal
and temperature conditions. The elevation
ranges from 300 m to over 6000 m amsl, more
than one half of the area being higher than
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3000 m amsl. The climate ranges beween
scorching heat and arctic cold with
intermediate subtropical, temperate and alpine
grades. Average annual rainfall varies from
60 mm in dry Trans-Himalayan district of
Ladakh in Jammu & Kashmir to about 2500
mm on the lower slopes of the Dauladhar in
Kangra district of Himachal Pradesh.
Precipitation at higher elevations is mostly in
the form of snow. The hills at about an
altitude of 3000 m are covered with a thick
blanket of 3 metres of snow from December
to March, while the area above an elevation
of 4500 m remains almost perpetually under
snow. Mean temperature drops by as much
as 6°C for every 1000 m of ascent.

Fig. 2 : A view of Shiwalik hills (Punjab)
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3. BIOLOGICAL DIVERSITY

3.1 Ecosystem/Habitat Diversity

Varied physiographic and climatic factors
have given rise to diverse natural ecosystem/
habitats, namely, forests, grasslands and
pastures, rivers, lakes and wetlands, glaciers,
etc.,, in this region.

3.1.1. Forests : Natural vegetation of this
area is classified into the following five broad
types of forests:

(i) Tropical forests (confined to foothills) :
Represented by two subtypes, namely, thom-
scrub of Acacia and Zizyphus, and dry
deciduous forests of Sal (Shorea robusta); the
latter is best developed in the Paonta area of
district Sirmour in Himachal Pradesh.

(ii) Subtropical forests (500-1800 m) : Two
subtypes of these forests can be distinguished
in the area. These are : (a) Subtropical dry
evergreen forests occurring below 1200 m
along river Beas, dominated with species of
Terminalia, Albizzia, Olea, etc.; (b) Subtropical
pine forests of chir pine (Pinus roxburghii)
found up to 1800 m.

(iii) Temperate forests (1500-
3000 m) : They are distinguished
into two subtypes. The Himalayan
moist temperate subtype covers
vast areas between 1500 m and
3000 m. The main constituents of
this forest subtype are three
species of oaks (Quercus incana, Q.
dilatata, Q. semicarpifolia), deodar
(Cedrus deodara), fir (Abies pindrow),
blue pine (Pinus wallichiana) and
horse chestnut (Aesculus indica).
The Himalayan dry temperate
subtype of Holm oak (Quercus ilex)
and edible pine (Pinus gerardiana)
is best developed at 2000-3000 m
in the Trans-Himalayan valley of
Chandra-Bhaga river and upper
valley of Sutlej river in Kinnaur
district of Himachal Pradesh and
in the Kashmir Valley.
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3.1.2. Lakes and Reservoirs : North-West
Himalaya is bestowed with several natural
freshwater and brackish water lakes and a
few large man made reservoirs. They serve
as an important support system and as habi-
tats for birds, fishes and other aquatic life.

Natural lakes are distributed among
different climatic zones of Himachal Pradesh.
Some of these are Khajiar, Kuneri, Kunarwah
and Rewalsar in Temperate Zone (1500-3000
m), and Renuka and Saketi in subtropical zone
(below 1500 m). Some large reservoirs have
been formed due to damming of rivers, e.g.,
Pong and Pandoh on river Beas, and Gobind
Sagar on river Sutlej. Renuka Lake, Pong,
Pandoh and Gobind Sagar reservoirs have
been declared as wetlands, which are
biologically most productive. Among these,
Renuka and Pong are of national importance.
Renuka wetland exhibits great faunal diversity
as it is well protected because of its
remoteness and location amid a wildlife
sanctuary of the same name. Studies
conducted in 1992-93 by the scientists of High
Altitude Zoology Field Station of the
Zoological Survey of India at Solan show the

Fig. 4 : Forests and streams in lower Himalaya
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occurrence of 427 faunal species in this
wetland and surrounding marginal areas of
the sanctuary. Pong wetland and surrounding
wildlife sanctuary support a rich avifauna
comprising more than 220 species. The
wetland serves an excellent winter habitat for
several thousands of migratory waterfowl,
namely, Bartheaded goose, Pintail, Common
teal, Spotbill, Shoveller, Mallard, Gadwall,
Brahminy duck, Pochard, Tufted duck and
Bluewinged teal.

3.1.3. Rivers and Streams : The Indus River
system drains Jammu and Kashmir. The main
tributaries of the Indus draining different parts
of the state are: Shyok, Nubra, Hanle and
Zanskar in Ladakh; Jhelum, Kishen Ganga and
Lidder in Kashmir Valley; Chenab, Jhelum,
Poonch and Tawi in Jammu region. Himachal
Pradesh is drained by five river systems,
namely Chandra-Bhaga (Chenab), Ravi, Beas,
Sutlej and Yamuna.

An intricate network of perennial torrential
streams traverses the entire North-West
Himalaya. These streams support a rich fauna,
dominated by a high diversity of aquatic
insects. As many as 62 species of aquatic
insects (species diversity index=2.13-2.66) have
been recorded in a small section of a spring-
fed stream in district Solan.

The fauna of hill streams is distinctive in
possessing special features for survival in swift
currents with high oxygen content and low
temperature. Any large scale disturbance in a
torrent has, therefore, an immense impact on
the distribution and composition of its fauna.
Some characteristic faunal species of the
torrents are larvae of Ecdyonurus, Ephemerella,
Ironopsis and Choroterpes (Ephemeroptera),
Capnia and Illiesonemura (Plecoptera),
Deuterophlebia, Blepharocera, Horaia, Dixa, Antocha
and Simulium (Diptera), Rhyacophila, Agapetus,
Cheumatopsyche, Hydroptilidae and
Lepidostomatidae (Trichoptera), Psephanoides
(Coleoptera), and Corydalus (Megaloptera);
Garra, Noemacheilus, Glyptothorax, Schizothorax
(Pisces) and tadpoles of Amolops (Amphibia).

River valley projects have brought
considerable changes in the ecology of rivers
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and surrounding areas. In Himachal Pradesh,
dams have been constructed at Bhakhra on
river Sutlej and at Pandoh and Pong on river
Beas, resulting in the formation of very large
reservoirs. Studies on the impact of Pandoh
dam on invertebrate fauna of river Beas show
a significant decline in the diversity of stonefly
and dipterous larvae in its downstream. This
decline has been primarily attributed due to
reduced water flow and organic enrichment
received from nearby human habitation. On
the contrary, the population of aquatic bugs,
planarians, oligochaetes and molluscs has
appreciably increased at this site. Changes in
the densities of different invertebrate groups
are bound to affect the distributional pattern
of fish since they form important components
in the food chain of torrential fishes. Dams
also act as physical barriers to migration of
certain fish species to their breeding grounds.
Tor putitora or the Mahseer is an important
commercial fish in the rivers of Himachal
Pradesh. The Mahseer migrates from the main
rivers to the tributaries for breeding in
monsoon months and descends back before
the onset of winter. Dams and barrages have
been implicated in the decline of mahseer
fishery in the state.

3.1.4. Pastures : Pastures encompass more
area than any other ecosystem in North-West

Fig. 5 : North-West Himalaya High Attitude Pastures
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Himalaya, providing nutrient rich forage for
grazing livestock and wildlife. As much as
31% of the geographical area of Himachal
Pradesh and 59.3% of the geographical area
of Jammu & Kashmir are under permanent
alpine pastures. Low altitude grasslands in
Jammu and Himachal Pradesh are mostly man
made, being the result of deforestation.

3.1.5. Agroecosystems : The present day
agroecosystems in North-West Himalaya, once
covered with natural vegetation, are the out
come of permanent changes of the original
ecosystems. Estimates show that 17.5% and
3.4% of the geographical areas of Himachal
Pradesh are under agriculture and horticulture
respectively.

3.2 Species Diversity

Several bioclimatic zones due to altitudinal
effects have favoured rich species diversity in
North-West Himalaya. Historical influx of
biota from adjacent biogeographical regions
and subsequent speciation in relation to local
environment has also enriched the biotic
resources of the area.

3.2.1. Flora : Flora of North-
West Himalaya has. been well
explored. Floral diversity is
fascinating due to species richness
and diverse community structure.
Data on the total number of floral
species recorded from North-West
Himalaya are not available.
However, the following
information on the floristic
diversity of some areas indicates
rich floral wealth of North-West
Himalaya.

Approximately 3054 species of
flowering plants have been
reported from Kashmir Himalaya.
Of these, 2403 species are dicots
and 651 species belong to moncots.
About one-third of the flora
belongs to four families, viz.,
Compositae (392 spp.), Gramineae
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(314 spp.), Papilionaceae (181 spp.) and
Cyperaceae 155 spp.). Carex is the largest
genus with 74 species, followed by Astragalus
(53 spp.), Potentilla (45 spp.) and Polygonum
(41 spp.). Other genera like Nepeta, Gentiana,
Saussurea and Artemisia are represented by a
little more than 30 species each. Ranunculus,
Pedicularis, Veronica and Corydalis are also well
represented in terms of number of species.

Flora of the Kangra valley and Shimla area
has been well explored. Approximately 1004
species belonging to 584 genera have been
listed from the Kangra valley. Shimla is also
very rich in flora. As many as 1326 species
have been recorded from the area with
majority of species distributed among the
Gramineae (133 spp.). Papilionaceae (114 spp.)
and Compositae (109 spp.).

The pteridophyte flora (ferns and fern-
allies) of North-West and Western Himalaya
is very rich. Out of a total of 353 species of
ferns in India, 158 are found in Western
Himalaya. Some of the main genera are
Athyrium, Diplazium, Dryopteris, Lepisorus,
Polypodium and Polystichum. Of 92 Indian
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Fig. 6 : Roper wetland in lower Himalaya
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species of fern-allies, 20 are represented in
the Western Himalaya. Important genera of
fern-allies occurring in the area are Lycopodium
and Psilotum.

3.2.2. Fauna : Habitat conditions offered
by various kinds of forests, soils, rivers, lakes,
understones, rocks, snow, etc., are utilised by
diverse faunal groups, ranging from
microscopic Protozoa to large mammals. The
faunal diversity of North-West Himalaya has
been largely influenced by its unique
geographical position. The Great Himalayan
range separates the northern Trans-Himalayan
fauna adapted to cold desert-like conditions,
from the southern Himalayan fauna. The states
of Himachal Pradesh and Jammu & Kashmir
fall under four distinct biotic provinces. These
are: (i) Trans-Himalayan eastern plateau which

Table 1. Estimated total faunal diversity in
Himachal Pradesh (North-West Himalaya)
Group Himachal (*) % of India

Protozoa 89** 2.7

Porifera 3 0.6

Cnidaria 2 0.2

Platyhelminthes 90 5.6

Rotifera 16 4.8

Nematoda 132 4.6

Acanthocephala 2 0.9

Mollusca 73 1.4

Annelida 60 7.1

Arthropoda

Crustacea 73 2.5
Myriapoda 11 4.2
Arachnida 195 3.4
Insecta 4362 7.3
Bryozoa 2 0.1
Chordata
Pisces 81 3.2
Amphibia 17 8.3
Reptilia 44 9.6
Aves 447 36.3
Mammalia 77 19.7
Total 5776 6.4

Source : (*) Julka,

1998, (**) Das (in press).
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includes Ladakh and Spiti areas, dealt with a
separate article; (ii) North-west Himalaya, west
of Sutlej river; (iii) Parts of West Himalaya in
Himachal Pradesh, east of Sutlej river; (iv)
Semi-arid hot dry foothills.

Biogeographical studies indicate pronounced
dominance of Palaearctic and endemic forms
above timber line, and largely Oriental and
some Palaeartic and Ethiopian elements at
lower and middle altitudes. In the forest
zone, the eastern humid tropical fauna is
separated from western largely steppe fauna
by the gorge of river Sutlej. The Oriental
elements are generally restricted to the east
of the Sutlej and the Mediterranean
(Palaearctic) and Ethiopian elements are found
to the west of this river, but there may be
some infiltration of these elements on either
side.

The fauna of Himachal Pradesh has been
extensively explored as compared to Jammu
and Kashmir. The following account is
primarily based on these studies, which would
be useful in assessing the faunal diversity of
the rest of North-West Himalaya. So far about
89,450 species of animals are known from
India (Alfred 1998). A total of 5,776 species
of diverse faunistic groups have been
reported from Himachal Pradesh, comprising
6.4% of Indian fauna (Table 1). Invertebrates
constitute 88.4% (5,110 spp.) and vertebrates
11.6% (666 spp.) of the Himachal fauna. Insects
and other arthropods form a predominant
group (4,641 spp.) among invertebrates,
whereas birds comprising 447 species dominate
vertebrates.

Insects : The North-West Himalayan states
of Himachal Pradesh and Jammu and Kashmir,
together with Kumaon and Garhwal areas of
Uttar Pradesh (now known as Uttaranchal),
form the third richer habitat of insects,
following tropical evergreen forests of Eastern
Himalaya and rain forests of south India. The
most outstanding feature of Himachal insect
diversity is the marked predominance of the
Palaearctic endemic species at high altitudes.
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All species of mayflies (Ephemeroptera),
stoneflies (Plecoptera) and caddisflies
(Trichoptera) in the nival zone have Palaearctic
affinities.

About 4360 known species of insects are
estimated to exist in Himachal Pradesh. These
constitute about 85.6% of invertebrates and
about 75.7% of total fauna that have been
recorded from this state. Maximum number
of species are found in areas enjoying
subtropical to warm temperate climate at
altitude ranging between 600 m and 1500m
above mean sea level. In Himachal Pradesh,
648 insect pests have been listed. Of these,
113 species are considered major or serious
pests, which constitute 2.6% of total insects
known from the area. Majority of pest species
belong to Hemiptera (aphids, jassids, coccids,
and mealy and painted bugs), Lepidoptera
(caterpillars of moths and butterflies) and
Coleoptera (beetles). Important insect vectors
in Himachal Pradesh are various species of
mosquitoes (Anopheles, Culex, Aedes), sandfly
(Phlebotomus), dim-dam fly (Simulium), gadfly
(Tabanus), etc.

Indian insects belong to 27 orders, of which
only three, Embioptera, Stepsiptera and
Mecoptera have not been recorded from
Himachal Pradesh. Butterflies and moths
(Order Lepidoptera) form the dominant group,
followed by Coleoptera, Diptera, Hymenoptera
and Hemiptera. These five orders together
constitute 89.6% of Himachal entomofauna. On
the other hand, four orders of wingless
insects, Thysanura, Protura, Diplura and
Collembola are represented by only 22 species,
comprising 0.5% of total insects.
Ephemeroptera, Odonata and Plecoptera
constitute 23.4%, 17.9% and 17.7% respectively
of corresponding Indian fauna. High
percentages of these amphibiotic insects in
Himachal Pradesh is primarily due to the fact
that the Northwest Himalayan region offers
numerous and a variety of perennial as well
as seasonal aquatic biotopes as habitats for
their immature stages. However, another
amphibiotic group, Trichoptera is represented
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by only 3.4% of Indian caddisfly fauna as
these insects are yet to be fully explored in
this area.

The wingless collembolan insects, commonly
known as springtails, form significant
components of soil community. Their altitudinal
range extends up to 6000 m where there is
hardly any trace of insect life. Sometimes, they
form swarms on snowfields that look sooty-
black from a distance. Representative species
above timberline belong to Isotoma, Proisotoma,
Hypogastrura, Onychiurus, Isotomurus, etc.,
whereas species of Entomobrya, Seira,
Brachystomella, Isotomiella, Subistoma, etc., are
found at lower elevations.

Mayflies, dragonflies and damselflies,
stoneflies and caddisflies pass their major part
of life cycle (immature stages) in aquatic
envirous. A total of 22 species and 6 species
of mayflies (Ephemeroptera) are known from
Himachal Pradesh and Jammu & Kashmir
respectively. Baetis, Epeorus, Ephemerella, Iron,
Ironopsis, Cloeon, Caenis, Baetiella, Ameletus,
Ororotsia, Ephemera, Ecdyonurus, Choroterpes, etc.,
represent them. As many as 88 species of
dragonflies and damselflies (Odonata) have
been reported from Himachal Pradesh.
Characteristic odonate species at upper
mountain reaches (about 2000 m amsl) belong
to Anisogomphus, Anisopleura, Bayadera,
Calcicnemia, etc. Between 500 m and 1500 m
elevations, the dominant genera are
Anormogomphus, Anax, Bayadera, Crocothemis,
Macromia, Neurobasis, Orthetrum, Rhinocypha,
Sympetrum, Trithemis, etc. Nearly 20 species of
stoneflies (Plecoptera) have been recorded
from the area. The dominant pleocopteran
genera in Northwest Himalaya are Nemoura,
Amphinemoura, Indonemoura, Neoperla, Capnia,
etc. Rhadiopteryx lunata is one of the
commonest species above timberline and its
distribution extends up to an elevation of 4800
metres. Approximately 30 species of caddisflies
(Trichoptera) occur in Himachal Pradesh. The
genus Rhyacophila is widespread in the region.
Other common genera of caddisflies in the
area are Agapetus, Chimarra, Stenopsyche and
Cheumatopsyche.
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Table 2. Endangered butterflies in North-West Himalaya (Himachal Pradesh and ‘

Jammu & Kashmir) included in Schedule | of Indian Wildlife (Protection) Act, 1972
Scientific Name Common Name Altitudinal Name
Family SATYRIDAE

1. Calinaga buddha Freak 1400-2700 m

2. Lasiommata (=Parage}) menava maeroides Ladakh Wall Above 3000 m
Family NYMPHALIDAE

3. Clossiana (=Argynnis) hegemone Ladakh Fritillary Above 3000 m

4. Diagora nicevillei Scarce Siren 1575-2100 m

5. Dilipa morgiana Golden Emperor 1400-2330 m

6. Neplis sankara sankara Broad-banded Sailer 800-1600 m
Family PAPILIONIDAE

7. Parnassius delphius Banded Apollo Above 3000 m

8. Parnassius stoliczkanus Ladakh Banded Apollo Above 3000 m
Family PIERIDAE

9. Delias sanaca sanaca Pale Jezebed 1350-2300 m

In Himachal Pradesh, the orders these, 56 species (22.4%) are protected under

Orthoptera, Dermaptera and Isoptera are
represented by 80, 30 and 25 species
respectively. The common genera of these
insects are Acrida, Euprepocnemis, Oxya,
Aiolopus, Gryllus and Teleogryllus (Orthoptera),
Forficula, Forcifula, Anechura, Nala and Diplatys
(Dermaptera), and Odontotermis (Isoptera).

Approximately 370 species of bugs, aphids,
scale insects, etc.,, (Hemiptera) are known to
occur in the area. Majority of hemipterans are
pests of agriculture, forests and orchards. Some
are also predators on other insects. Bugs like
Anisops, Enithares, Ranatra, Laccotrephes, Corixa,
Micronecta, Plea and Lethocerus have secondarily
adapted to aquatic way of life.
Chimarrhohmetra, Onychotrechus and Metacoris
dwell on the water surface of streams and
lakes. Serious Hemiptera pest species belong
to Aphis, Macrosiphion, Myzus, Empoasca,
Nephotettis, Eulecanium, Psuedococcus, Bagrada,
efc.

As many as 1250 species of moths and
butterflies (Lepidoptera) have been reported
from Himachal Pradesh. The butterfly
diversity comprises of about 250 species. Of

the Indian Wildlife (Protection) Act, 1972. Nine
species of butterflies from Himachal Pradesh
and Ladakh district of Jammu & Kashmir are
considered as endangered and included in the
Schedule I of the Wildlife (Protection) Act
Table 2). Species of Argyreus, Euthalia, Charaxes,
Vanessa, Neptis, Precis, Libythea, Mycalesis,
Ypthima, Lethe, Melanitis, Pontia, Pieris, Eurema,
Colias, Lycaena, etc., restrict their range
between 900 m and 1800 m. Some butterfly
genera that are fairly common at an elevation
of 1500 m and above are Chilasa, Papilio,
Parnassius, Aporia, Colias, Gonepteryx, Pieris,
Aulocera, Mycalesis, Maniola, Parage and Lethe.
Species of Parnassius are also found at altitudes
above 5000 m.

The neuropteran fauna (ant lions, lacewings)
is represented by 30 species in this region.
The representative genera are Hemerobius,
Tumeochrysa, Formicaleon, Myrmeleon,
Stiphroneura, Glyptobasis, Helicomitus, Parosmylus,
Distoleon and Macronemurus.

The Himachal hymenopteran fauna
comprises of 470 species. Parasitic
ichneuomonids and chalcids play an important
role in the biological control of several crop
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insect pests. Some of these parasitic insects
found in the area belong to the genera like
Isotima, Ephilates, Netelia, Ophion, Campoplex,
Pimpha, Dirhinus, Pachyneuron, Aphelinus and
Polynema. Other important hymenopteran
genera in this region are Apis, Halictus,
Bombus, Vespa, Vespula, Scolia, Pompilus, Polistes,
etc.

About 1100 species of Coleoptera (beetles)
are known from the area. Of these, nearly
200 species are inhabitants of high altitude
zone above timberline and show a high
degree of endemicity. Typical beetle genera
of this zone are Bembidion, Amara, Carabus,
Nebria, Calosoma (Carabidae); Agabus
(Dytiscidae); Helophorus (Hydrophilidae);
Atheta, Aleochara, Philonthus (Staphylinidae);
Chaetocnema, Longitarsus (Chrysomelidae); and
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Hetronyx, Scepticus (Curculionidae). Important
genera at lower elevations are Cicindella
(Cicendellidae), Chlaenius (Carabidae),
Gonocephalum  (Tenebrionidae), Mylabris
(Meloidae), Chrysomela (Chrysomelidae),
Anomala and Papilio (Scarabaeidae), and
Coccinella (Coccinellidae). Larvae of Psephenoides
(Family Psephenidae) have wundergone
remarkable morphological modifications for
adaptation to withstand the water currents in
the torrents.

Diversity in diptera (true-flies) appears to
be of wide range in Northwest Himalaya,
inhabiting various niches from foothills to an
elevation of about 6000 m amsl. Nearly 720
species have been recorded from Himachal
Pradesh. The well-known dipterous genera
occurring in this area are Aunopheles, Aedes,

Fig. 7 : Renuka Lake
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Culex and Theobaldia (Culicidae); Sarcophaga
(Calliphoridae); Syrphus and Melanostoma
(Syrphidae); Simulium (Simuliidae); Psychoda
and Pericoma (Psychodidae); Antocha and Tipula
(Tipulidae),  Blepharocera and  Horaia
(Blepharoceridae); Musca and Helina (Muscidae)
and, Bibio and Plecia (Bibionidae). The larvae
of marsh-fly, Ephydra glauca inhabit saline and
alkaline hot waters at temperatures ranging
from 43°C to 49°C in some parts of North-
West Himalaya.

Other invertebrates Non-insect
invertebrates constitute 12.6% (731 species) of
Himachal fauna. Based on number of species,
Arachnida (spiders, mites, scorpions) with 195
species is the largest group, followed by
Nematoda 132 species, Platyhelminthes 90
species, Protozoa 89 species, Mollusca and
Crustacea 73 species each, Annelida 60 species,
Rotifera 16 species and Myriopoda 11 species
(Table 1). The Porifera is represented by 3
species whereas Cnidaria, Acanthocephala and
Bryozoa contain 2 species each. Most of those
invertebrates are inhabitants of low altitudes.

Some species, however, are associated with
high altitude biotopes and show strong
Palaearctic affinities.

The most outstanding feature of non-insect
invertebrate diversity in Himachal Pradesh is
the existence of several species of microscopic
zooplanktons in freshwaters. These primarily
belong to Crustacea and Rotifera, and form
about 60% of food of various commercially
important and cultivable fishes, thus largely
contributing to the maintenance of fisheries
in the state. Common planktonic crustacean
genera in Himachal Pradesh are Daphnia, Alona,
Alonella and Chydorus among Cladocera,
Eucyclops, Mesocyclops, Neodiaptomus, and
Canthocamptus among Copepoda, and
Stenocypris and Strandesin among Ostracoda.
The rotifer plankton comprises species of
Asplanchna, Brachionus, Lecane and Keratella.

Soil animals like earthworms (Oligochaeta)
and millipedes (Diplopoda) are important
components of invertebrates. These organisms
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play a vital role in enhancing soil fertility in
arable pasture and forestlands due to their
burrowing and feeding habits. Earthworms are
represented by 42 species in Himachal
Pradesh, comprising 7.2% of Indian
oligochaetes. Of these, three species of Perionyx
and one species of Plutellus are endemic to
the area. Possibly, the remaining species have
been transported to Himachal Pradesh in soil
around roots of plants and feet of animals
from other areas in the country as well as
from other biogeographical realms. The
millipede fauna has not been adequately
explored in Himachal Pradesh. Relevant
literature shows that not more than 5 species
have been recorded from the area, the most
common being Streptogonopus phipsoni and
Sundaniana nulla described from Chamba
district. A group of tiny organisms, orbited
mites, is also closely associated with the soil
ecosystem. They play an important role in
the breakdown of organic matter in the soil.
The Himachal orbited fauna consists of 46
species (about 15.7% of Indian soil mites), and
belongs to 40 genera. Some widespread
species are distributed among Oppiella,
Oribatella and Hypochthonius.

Some non-insect invertebrates are
endoparasites, causing serious diseases in
human beings and livestock; for example,
protozoans like Plasmodium vivax, Entamoeba
histolytica and Eimeria sp. cause malaria,
amoebiasis and coccidiosis respectively. As
many as 89 species of Protozoa have been
reported from Himachal Pradesh.
Ecotoparasitic leeches are of great nuisance
as they attack man and his animals to suck
their blood. However, Poecillobdella granulosa
has been used as a common medicinal leech
in Himachal Pradesh. The leech fauna of this
area is very rich because of availability of a
wide range of aquatic and forest biotopes.
About 30.5% (18 species) of Indian leech fauna
occurs in Himachal Pradesh, showing a very
high diversity as compared to other faunistic
groups. ’

Nematodes, popularly called roundworms
or threadworms, are one of the most
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economically  important  groups  of
invertebrates. Altogether 132 species occur in
Himachal Pradesh. They are found in all kinds
of habitats, sometimes in most inhospitable
environment like ice, hot springs, etc.
Nematodes have freeliving as well as parasitic
mode of life. Heterodera avenae and Anguina
tritici have been reported as destructive pests
of wheat, whereas Meloidogyne spp. inflict
damage to all kinds of agricultural and
horicultural crops in Himachal Pradesh and
elsewhere. Helicotylenchus, Pratylenchus,
Aphelenchoides, Enchodelus and Heterodera are the
predominant mematode genera in the region.

Vertebrates

Mammals : The mammalian fauna of
Himachal Pradesh is represented by 77 species,
which constitute about 19.7% of the total
Indian mammals (390 species). The number
may be increased to 78 species if the
occurrence of Tibetan Wild Ass, Equus kiang,
in Spiti area is confirmed. Diversity is much
higher at generic level. Of a total of 135
genera of land mammals in India, 55 (40.7%)
occur in Himachal Pradesh. Order-wise
distribution of species is as follows: 2 species
of shrews (Insectivora), 8 species of bats
(Chiroptera), 2 species of monkeys and langurs
(Primates), one species of pangolin (Pholidota),
25 species of carnivores, 14 species of goats,
sheep, antelopes, boar, deer (Artyodactyla),
22 species of rodents and 3 species of hares
and mouse hares (Lagomorpha).

Above snow line, the mammalian fauna is
largely of Palaearctic origin. These are the
Tibetan sheep or Nayan (Ovis ammon hodgsoni),
Bharal (Pseudois nayaur), Himalayan ibex (Capra
ibex), Bobak marmot (Marmota bobak), Mouse
hare (Ochotona roylei), Woolly hare (Lepus
oistolus), Snow leopard (Panthera uncia), Altai
weasel (Mustela altaica), Himalayan brown bear
(Ursus arctos isabellinus). The fauna of temperate
zone is represented by Musk deer (Moschus
chrysogaster), Ermine (Mustela erminea), Yellow-
throated marten (Mares flaviguld), Leopard cat
(Felis bengalensis), Himalayan black bear
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(Selenarctos thibetanus), Serow (Capricornis
sumatraensis), Himalayan tahr (Hemitragus
jemlahicus), Goral (Nemorhaedus goral), species
of bats, rats, mice, squirrels, hares, etc. The
range of Panthera pardus extends from the
Temperate Zone to the subtropical region. The
foothills and lower valleys are inhabited by
Sambar (Cervus wunicolor), Barking deer
(Muntiacus muntjak), Wild boar (Sus scrofa),
Jackal (Canis alpinus), Chital (Axis axis), Nilgai
(Boselaphus tragocamelus) and Common fox
(Vulpes bengalensis). Some elements of the
foothills like barking deer, jackal and common
fox are also found in the Temperate zone.
The mammalian from of the foothills shows
strong Oriental affinities.

Large scale hunting and destruction of
habitat of these animals have threatened the
existence of several species in North-West
Himalaya. As many as 60 species are at risk
and protected under the Indian Wildlife
(Protection) Act, 1972. Of these, 25 species
are highly endangered and included in
Schedule I of the Act (Table 3). All species of
large mammals (40 species) in North-West
Himalaya are threatened.

Birds : A total of 447 species of birds have
been reported from the area, comprising 36.3%
of the Indian bird diversity. They also
constitute about 67% of known vertebrates in
Himachal Pradesh. Ecologically, the Himachal
avifauna is very interesting. About 35.5% of
birds are residents in this state and other
parts of the country. There are 15.7% winter
visitors from South-East Asia, Europe and
Siberia, 11.6% summer visitors from central
India and foothills and 10.4% altitudinal
migrants. 26.8% are birds of Himalayan
ecosystem and show vertical movements.

Pheasants, also known as game birds, are
represented by 7 species in Northwest
Himalaya. These are Western tragopan
(Tragopan melanocephalus), Himalayan monal
pheasant (Lophophorus impejanus), Kaleej
pheasant (Lophura leucomelana), Koklass phesant
(Pucrasia macrolopha), Chir pheasant (Catreus
wallichii), Indian peafowl (Pavo cristatus) and
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Fig. 8 : Barheaded geese during winter in lesser Himalaya

Indian junglefow! (Gallus gallus murghi). They
are spectacularly colourful birds and have
brilliant metallic plumage. Due to extreme
hunting pressure and loss of habitat their
existence is seriously threatened. As a result,
five species of pheasants are highly
endangered and included under Schedule I
of the Indian Wildlife (Protection) Act, 1972
(Table 3). Protection under the Act has also
been provided to some endangered hunting
birds, viz. Himalayan bearded vulture
(Gypaetus barbatus aureus), Himalayan golden
eagle (Aquila chrysaetos), Osprey or Fish-eating
eagle (Pandion haligetus), Lagger falcon (Falco
biarmicus) and Saheen falcon (Falco peregrinus).
Tibetan Snowcock (Tetraogallus tibetanus) and

Blacknecked Crane (Grus nigricollis) are other
species that are also included in the Act.

Endemic birds of North-West Himalaya are
predominantly Palaearctic. Fourteen Palaearctic
endemic species, which are confined to the
Himalaya without adjacent relatives, are
considered relict forms. Of these, nine species
are found in these hills, viz., Catreus wallichii
(Chir pheasant), Callacanthis burtoni (Cardueline
finch), Picoides himalayensis (Himalayan pied
woodpecker), Garrulus lanceolatus (Black-
throated jay), Parus melanolophus (Crested black
tit), Zoothera wardi (Pied ground thrush),
Pyrrhula erythrocephala (Redheaded bullfinch),
Pyrrhula aurantiaca (Orange bullfinch) and
Capella nemoricola (Wood snipe).
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Reptiles : Altogether 44 species of lizards,
snakes and turtles have been reported from
Himachal Pradesh. These constitute about 9.6%
of Indian reptiles. Of four kinds of Monitor
lizards inhabiting India, two species, Common
Indian monitor (Varanus bengalensis) and Yellow
monitor (Varanus flavescens), occur in the area.
Both species are on the endangered list (Table
3). Main threats to the Monitor lizards have
been from the increasing trade in their skins.
The Burrowing Common Himalayan Skink
(Scincella himalayanus), and Mountains Agamid
Lizard (Japalura kumaonensis) are endemic to
Northwest and Western Himalaya. Agama
tuberculata (Himalayan rock lizard) is often
seen basking on the boulders in the Temperate
Zone.

The snake fauna in Himachal Pradesh
consists of both poisonous and harmless
species. Important poisonous snakes in the area
are Russel’s viper (Vipera russelli), Himalayan
Pit viper (Agkistrodon himalayanus), Common
krait (Bungarus caeruleus), Indian cobra (Naja
naja) and King cobra (Ophiophagus hannah).
Some non-poisonous species are Rat snake
(Ptyas mucosus), Checkered Keelback water
snake (Xenochrophis piscator), Brahminy Blind
snake (Ramphotyphlops braminus), Himalayan
Cat snake (Boiga multifasciata) and Rock python
(Python molurus). Majority of snakes in the
area is found below 3000 metres of altitude.
The range of Agkistrodon himalayanus, however,
extends from about 900 metres to 4800 metres
amsl. Generally, people of Himachal Pradesh
do not kill snakes because of religious sanctity
attached to them, thereby helping in the
conservation of these creatures. A decline in
snake population is primarily due to increase
in urbanisation and loss of suitable habitat.
The current status of Rock python (Python
molurus) is highly endangered. It is protected
under Schedule I of the Wildlife Act.

A few species of freshwater and mud
turtles inhabit lakes and rivers in Northwest
Himalaya. Some of these are Trionyx gangeticus
(Indian Shell turtle), Lissemys punctata (Indian
Flap-shelled turtle) and Kachuga kachuga. The
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population of Lissemys punctata has declined
considerably. It is an endangered species and
has been listed in Schedule I of the Wildlife
Act.

Amphibians : Amphibians are mostly
inhabitants of areas below the snowline, but
some species like Bufo viridis, Bufo latestii and
Scutiger sikkimensis are found in the cold desert
of district Ladakh of Jammu and Kashmir. As
many as 20 species of frogs and toads have
been reported from Northwest Himalaya, of
which 17 species occur in Himachal Pradesh.
Majority of these is inhabitant of forests,
streams and ditches. The predominant
amphibian diversity in the area comprises
species of Rana, Amolops, Bufo and Scutiger.
Some high altitude amphibians of Northwest
Himalaya are Bufo viridis, Rana liebigii, Rana
vicinia and Scutiger sikkimensis. Polypedatus
maculatus, a common tree frog, is an inhabitant
of forests.

Metamorphic activity of tadpoles of some
high altitude frogs, like Rana (Paa) minica and
Rana liebigii remains suspended during
unfavourable conditions of extreme winter.
The metamorphosis is characterised by
prolonged and delayed development by a few
years. They remain in tadpole stage for years
depending upon climatic conditions. The
metamorphic activity is regained as the
favourable conditions prevail.

Fishes : Like other parts of the Himalayan
ecosystem, fishes of the region are distinctive
in possessing special features for survival in
torrential streams and rivers. A total of 81
species have been recorded from Himachal
Pradesh. The dominant genera are Barilius,
Labeo, Puntius, Noemacheilus, Tor and
Glyptothorax. Several species are endemic in
these hills and mainly belong to Tor,
Schizothorax, Glyptothorax and Noemacheilus.

Brown trout (Salmo trutta fario) and
Rainbow trout (Salmo gairdnerii gairdnerii) are
exotic and have been introduced throughout
the Northwest Himalayan region primarily for
sport and secondarily for food. Both species
of trout are carnivorous, feeding upon a
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Common name Status
Mammals

Indian Wolf Canis lupus pallipes Vv
Tibetan Wolf Canis lupus chanco Vv
Himalayan Brown Bear Ursus arctos isabellinus E
Oriental Small-clawed Otter Aonyx cinerea Vv
Ermine or Stoat Mustela erminea ferghanae I
Leopard Cat Felis bengalensis Vv
Palla’s Cat Felis manul |
Rusty-spotted Cat Felis rubiginosa I
Leopard Panthera pardus Vv
Snow Leopard Panthera uncia E
Himalayan Lynx Lynx lynx isabellinus E
Tibetan Wild Ass or Kiang Equus kiang E
Hangul or Kashmir Stag Cervus elaphus hanglu E
Himalayan Musk Deer Moschus moschiferus \
Tibetan Gazelle Procapra picticaudata |
Tibetan Antelope Pantholops hodgsoni |
Yak Bos mutus C
Markhor Capra falconeri E
Himalayan [bex Capra ibex E
Serow Capricornis sumatraensis \Y
Himalayan Tahr Hemitragus jemlachicus E
Great Tibetan Sheep or Nayan Ovis ammon hodgsoni Vv
Urial or Shapu Ovis vignei E
Blue Sheep or Bharal Pseudois nayaur Vv
Indian Pangolin Manis crassicaudata \
Birds

Himalayan Bearded Vulture Gypaelus barbatus aureus E
Himalayan Golden Eagle Aquila chrysaetos E
Osprey or Fish-eating Eagle Pandion haliaetus \
Lagger Falcon Falco biarmicus E
Saheen Falcon Falco peregrinus peregrinator E
Western Tragopan Tragopan melanocephalus =
Himalayan Monal Pheasant Lophophorus impejanus IS
Koklass Pheasant Pucrasia macrolopha \
Chir Pheasant Catreus wallichii E
Indian Peafowl Pavo cristatus \
Tibetan Snowcock Tetraogallus tibetanus E
Blacknecked Crane Grus nigricollis C
Reptiles

Indian Flap-shelled Turtle Lissemys punctata \
Common Indian Monitor Varanus bengalensis E
Indian Flap-shelled Turtle Lissemys punctata \
Common Indian Monitor Varanus bengalensis E
Yellow Monitor Varanus flavescens E
Indian Rock Python Python molurus E

C Critical; E Endangered; V  Vulnerable: |
Source :

Insufficientty Known.

The Red data book on Indian animals (ZSl), Part 1 : Vertebrata, 1994.
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variety of insects and other fishes. Populations
of indigenous fish species have declined, as
they are not able to compete with the exotic
trout species. Mahseer (Tor tor and Tor putitora),
Mrigal (Cirrhinus mrigala), Rohu (Labeo rohita),
Katla (Catla catla), Kalbasu (Labeo calbasu) and
Seenghala (Mystus seenghala) comprise major
fisheries in the area.

4. SPECIAL FEATURES

Faunal diversity of Himachal Pradesh can
be differentiated into two major groups:
forest and hypsobiont species. Forest forms
are by and large confined to wooded areas
at lower and middle altitudes whereas,
hypsobiont elements are true inhabitants of
high altitudes that never occur below
timberline. However, there are transitional
forms between these two groups. Forest fauna
greatly surpasses the hypsobiont in their
diversity, comprising nearly 90% of: species so
far recorded from the area. Endemicity among
forest species is about 15% but, it is 60%
above timberline.

There are some animals in Northwest
Himalaya, which have created interest among
naturalists and zoologists on account of their
special modifications. The Orange oak-leaf
butterfly, Kallima inachus, is an excellent
example of camouflage. The undersides of its
wings are indistinguishable from the dry
leaves of oak on which it rests. Some high
altitude animals like Marmots and Mouse hares
are of interest to researchers because of their
physiological adaptations to extreme cold and
low atmospheric pressure. Many zoologists
have been studying the development of
adhesive organs in some torrential fishes
(Schizothorax, Garra, Noemacheilus) and larvae
of dipterous insects (Horaia, Blepharocera,
Deuterophlebia) to cope with swift water
currents.

Domesticated animal diversity in
Northwest Himalaya is very rich. There are
a number of breeds of sheep, goats and
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ponies, which are able to withstand hazards
of mountainous areas. Some of these are
Bhadarwah (Gaddi), Rampur Bushair, Biangi,
Mewati, and Khand among sheep; Chamba,
Gaddi, Pashmina and Chegu among goats;
Spiti and Chummarti among ponies.

The percentages of threatened mammals in
this highly fragile area are comparatively much
higher. All species of pheasants occurring in
this region are at risk because of habitat loss
and hunting. Freshwater and soil fauna is
under tremendous- stress due to organic and
chemical pollution of ponds, streams and
wetlands. The situation is fast deteriorating
due to indiscriminate spray of highly toxic
insecticides in orchards and agricultural fields.
International and unintentional introduction of
exotic species has threatened the existence of
certain soil and aquatic species, thereby
disturbing various ecosystems in this part of
the Himalaya.

5. INTRODUCED BIODIVERSITY

With the improvement in communication
system, man has intensified cultivation in
inner valleys under extremely difficult
conditions. Fast-growing trees have been
planted in several areas and vegetables and
crops are being grown in Ladakh, Lahaul,
Spiti, and other places where there were none
before. New areas have been brought under
cultivation of temperate fruit trees, extending
even to high altitudes. These activities have
led to significant introduction and proliferation
of several kinds of viruses and insect pests
of crops, fruit trees and forests. Exotic soil
animals have been introduced, though
unintentionally, in soil around roots of exotic
plants from other regions. For example,
peregrine and more adventurist limbricid
earthworms are suspected to have been
introduced in this way and have been
colonised successfully in temperate areas of
Himachal Pradesh. At places, these earthworm
species have become numerically dominant,
threatening native species of Plutellus and
Perionyx.
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The British introduced exotic fishes like
Brown trout (Salmo trutta fario) and Rainbow
trout (Salmo gairdnerii gairdnerii) in aquatic
environs of the Himalaya mainly for sport.
Realising their commercial value as food fish,
these are now being cultured at various places
in Northwest Himalaya. Introduced species of
trout are carnivorous, feeding voraciously on
other fishes and their food. Populations of
endemic mahseer species (Tor spp.) have
declined in streams and rivers where trout is
being cultured.

6. VALUE

The rich biodiversity of North-West
Himalaya has sustained population and hill
communities from time immemorial. Kinnars
and Ladakhis have a direct linkage with the
flora and fauna of the region in their life
and health care. Several endemic species have
evolved in the area. These are particularly
adapted to the Himalayan way of life,
especially at high altitudes above timberline.
There are also many valuable plants and
animals from scientific and aesthetic points of
view, and several of these are threatened due
to large scale destruction of their habitats.
Many interesting unknown taxa may become
extinct before they are even discovered.
Considering the ecosystem as a gene bank, if
populations of species are reduced, there may
be a genetic drift and gene loss, which is
potentially an important loss.

North-West- Himalaya is bestowed with
distinctive biota having aesthetic, cultural,
commercial and genetic values. Beautiful birds
like Himalayan monal, Koklass and Tragopan
Pheasants, Red-billed blue magpie, Paradise
flycatcher and Himalayan snow-cock and
papilionid and nymphalid butterflies are of
great aesthetic value. In fact, they have
enriched the aesthetic life of hill people and
are admired for adding liveliness to nature.
The unique colour shades and designs of
butterflies have caught the imaginations of
poets, naturalists, fashion designers, collectors,
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etc. Products of some animals like honey, wax,
musk and skins are commercially valuable.
Two species of honeybees, Apis mellifera and
Apis indica are cultured for the production of
honey and wax. Species of non-mulberry silk
moths, Antheraea paphia (Indian Tassor Moth)
and Antheraea cynthia (Indian Eri Moth) can
be exploited for yielding wild silk. Snow trout
(Schizothorax sp.) and Golden mahseer (Tor
putitora) are of fishery importance. Earthworm
species like Eisenia fetida and Perionyx excavatus
and other species of Perionyx can be easily
reared on various kinds of organic waste
materials in the state for the production of
vermicompost and vermiprotein. Rhesus
macaque, Macaca mulatta, is of great
biomedical importance all over the world.

All varieties of domestic sheep have been
derived from three species of Ovis found wild
in the mountainous regions of Asia and
Europe. The Wild yak (Bos mutus) has given
rise to the domestic yak. All domestic varieties
of pigs are descendants of wild boar (Sus
scrofa), and Indian varieties of fowl have been
derived from Indian Red Jungle fowl (Gallus
gallus murghi). North-West Himalaya harbours
these genetic resources of immense value. Two
species of Owis, O. vignei (Shapu) and O.
ammon (Nayan), and the wild yak occur in
the Ladakh and Spiti regions. The wild boar
and Indian Red Junglefowl are common at
lower altitudes.

North-West Himalaya is a store house of
several medicinal plants. These are exploited
for utilising in the pharmaceutical and perfume
industries. There are numerous species of
plants in the area, which provide food, oil,
gum, resins, fodder, forage, fuel, timber and
fibre. Several plant species are also of
ornamental value.

7. THREATS

The biota in this world is wunder
tremendous stress due to increasing human
population pressure. Many natural habitats
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have been over-exploited, degraded and even
destroyed. Severe depletion of biodiversity
poses a serious threat to the very existence
of mankind. The Northwest and Western
Himalaya have also come under a strong
threshold of development. Development
without destruction of natural resources is
rarely possible, and consequently these highly
fragile areas are facing severe threats of
ecological degradation. Natural ecosystems
harbouring characteristic biota are being
rapidly modified and fragmented due to
increasing human and livestock population
pressures. Vast tracts of original wildlife
habitat have been converted into artificial
ecosystems or exploited and degraded to such
an extent that they fail to replenish and lost
for ever along with their fauna and flora.
Remote sensing based data show that in 1979
Himachal Pradesh had 15,075 sq km of land
(27.1% of geographical area) under forest
cover which has depleted to 12,502 sq km
(22.4% of geographical area) in 1993. This
amounts to a loss of 17.1% (2,573 sq km) of
forest cover over a period of 14 years. The
figures for Jammu and Kashmir indicate a 10.6%
loss of forest land in 12 years. Such rapid
deforestation has not only created disastrous
changes in habitats and their biota but also
led to depletion of scarce top soil. The World
Conservation Centre at Cambridge, UK. has,
thus, identified the whole of Northwest and
Western Himalaya as threatened habitat with
the possibility of losing biodiversity of
inestimable value. There are more endangered
taxa in this region than anywhere else in the
country. The whole Himalayan belt has been
designated as a “mega hot-spot” Ladakh and
Kashmir Himalaya along with six other areas
in the Himalaya are especially critical.

The hill people rear large number of
domestic animals like cattle, goats, sheep, etc.,
for milk and wool production, ploughing
fields and collection of dung for use as
organic manure. Grazing by these animals
exerts a great biotic pressure on forests. Often
overgrazing leads to ecological problems like
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formation of gullies in tracks frequented by
cattle, abundance of coarse and poor grasses
in pastures because of selective feeding,
trampling of seedlings, saplings, and soil
erosion. The people hunt wild animals for
their fur, meat, musk, eftc. Forests are
sometimes set on fire for inducing good
growth of grass and mushrooms. Forest fires
are very harmful to environment, causing
erosion, destroying valuable faunal and floral
diversity and hampering regeneration. Human
demographic pressure causes shrinkage of
forests leading to loss of biodiversity.
Increased agricultural and horticultural
practices have also introduced several exotic
taxa in the area.

Sewage disposal is a major problem in
almost all urban and semi-urban places in hilly
areas. Most of sewage is dumped into lakes
and rivers, which affects the required healthy
level of dissolved oxygen for the survival of
aquatic fauna. Large quantities of pesticides
are applied for enhancing crop and fruit yield.
Toxic substances from pesticides are drained
into different aquatic bodies, and adversely
affect the physiology and biology or organisms
living therein.

Ecological degradation has rendered almost
entire Trans-Himalayan zone of Ladakh,
Lahaul and Spiti into a cold desert, which is
spreading rapidly eastwards. Natural
subtropical evergreen forests, once widespread
in the foothills of Northwest Himalaya, have
almost been cleared.

8. CONSERVATION

Two general approaches are followed to
maintain or conserve biodiversity. It may be
maintained where it occurs naturally (in situ
conservation), or it may be removed from
the site and kept elsewhere (ex situ
conservation). In situ maintenance of
biodiversity is the most effective way to
conserve maximum biological diversity on the
long-term basis.
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The main in situ conservation strategy in
India is the protected area network (PAN),
viz., wildlife sanctuaries (WLS), national parks
(NP) and biosphere reserves. Biodiversity is
also being conserved in several reserve forests
and sacred groves. The latter are densely
wooded areas set aside on religious grounds.
In Northwest Himalaya, there is no biosphere
reserve, although it is proposed to establish
a Cold Desert Biosphere Reserve in the Spiti
area. Total PAN in the states of Himachal
Pradesh and Jammu & Kashmir is only about
7.6% of their geographical area.

The history of setting up PAN in Himachal
Pradesh goes back to just a few decades.
Initially, four wildlife sanctuaries, Manali, Kias,
Khokan and Kanawar in Kullu district were
notified in 1954. These covered an area of
114.04 km? and accounted for a mere 0.2% of
the geographical area of the state. Over the
years, the protected areas (PA) in Himachal
Pradesh have increased to 34 covering 7031.87
km? or 12.53% of the state. Of these, two are
national parks, the Great Himalayan NP (620
km?) in district Kullu and Pin Valley NP (675
km? in district Lahaul and Spiti. The size of
wildlife sanctuaries ranges from the smallest
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Shilli WLS (2.13 km?) in Solan district to the
largest Kibber WLS (1400.50 km?) in the Spiti
area. As many as 11 WLS are very small, less
than 50 km? each, and are not suitable to
hold viable populations of large mammals.
Various conservation measures in the state
have, however, led to noticeable increase in
the population of some large mammals, e.g.,
leopard (Panthera pardus), Rhesus macaque
(Macaca mulatta) and Common langur (Presbytis
entellus).

The PAs in Himachal Pradesh have been
established to cover all biotic provinces in the
state. There are 2 PAs (2075.50 km?) in Trans-
Himalaya, 17 PAs (3394.02 km?) in Northwest
Himalaya, west of Sutlej river, 13 PAs (1539.30
km?) in West Himalaya, east of Sutlej river
and 2 PAs (23.05 km?) in Semi-arid Zone.
District-wise distribution of PAs shows that
there are no PANs in districts Una and
Hamirpur (Table 4). The PA in each of districts
Sirmour, Shimla, Solan and Bilaspur is less
than 5% of the total PA in the state.

There are 19 PAs in Jammu and Kashmir.
These cover an area of 14,057.74 km? which
are about 6.3% of its geographical area. The
PAs comprise 4 national parks and 15 wildlife
sanctuaries. Hemis National Park in the cold

District WLS NP Area(km?) % of total
(No.) (No.) (WLS+NP) protected area
in state
Bilaspur 2 - 256.34 3.6
Chamba 5 - 723.88 10.3
Hamirpur - - - -
Kgngra 2 - 1251.29 17.8
Kinnaur 3 - 805.89 11.5
Kullu 6 1 885.16 12.6
Lahaul & Spiti 1 1| 2075.50 29.5
Ma_ndi 3 - 533.69 7.6
Shimla 3 - 176.25 2.5
Sirmour 3 - 79.20 11
Solan 4 - 244.67 A5
Una - - - -
Total 32 2 7031.87 -

"Source : Wildlife Institute of India Database Cell; State Forest Department, H.P.
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desert of Ladakh is the largest with an area
of about 3350 km? The largest WLS is
Karakoram comprising an area of
approximately 5000 km? Changthang WLS
with an area of about 4000 km? is located in
the Northeast Ladakh adjoining Tibet plateau.

Ex situ conservation of faunal diversity in
India is restricted to zoological parks, aquaria,
animal breeding centres, gene banks, etc.
There does not exist any worthwhile attempt
in ex situ conservation of faunal resources in
Northwest Himalaya. The Himachal Forest
Department maintains a small zoological park
at Kufri/Tutikandi near Shimla. Efforts to
breed Musk deer at Kufri and Western
tragopan and other pheasants at Sarahan
Bushahr in Shimla district have not made
much progress because of paucity of funds
and lack of modern technology. Mini zoos have
been established at Renuka, Rewalsar and
Dharamsala. National Bureau of Plant Genetic
Resources of Indian Council of Agricultural
Sciences has centres at Srinagar and Shimla
to store seeds and tissue samples. They deal
primarily with crops used in agriculture,
horticulture and forages for animal husbandry.

9. FUTURE DIRECTIONS

Since the Himalayan ecosystem has.suffered
most due to human activity, a multidisciplinary
approach is required for its conservation:

® Total protected area in Himachal Pradesh
and Jammu & Kashmir is to be raised to
at least 20% of their geographical area.
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Forest cover is to be increased with better
management; there should be initially
selective logging, leaving riverine and
inaccessible land for entirely natural
development, where no logging and
grazing by domesticated animals should be
permitted. In the first instance, recovery
of vegetation is to be allowed; maintenance
of balance between available food and
wildlife and livestock is to be followed at
a later stage.

Reduction in pressure of human population
by way of effective decline in overall birth
rate.

Population and quality of livestock should
be in line with ecological requirements.

Alternative sources of fuel for cooking may
substantially be provided to reduce
increasing demand for firewood.

Provision of enhanced food from outside
the ecosystem or intesfication of agriculture
on more suitable arable land for reduction
of demand for agricultural land.

Involvement of people in effective
afforestation of denuded areas and soil
erosion control measures.

Public awareness about benefits and
importance of biodiversity.

Setting up selective Pilot Projects for
restoration of biodiversity.

Evaluation of current status of endangered
species.

Population studies of invertebrates in
different ecosystems.
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