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Preface to the Second Edition

The author is naturally happy to put the second edition of the
book, Natural History and Economic Botany of Nepal, into the hands of
the readers. This edition incorporates some of the latest informa-
tion on wildlife, plant distribution, agriculture and economic bota-
ny of Nepal, and as such, it would be of greater use for the stu-
dents of biology, forestry, agriculture and economics. At the same
time, the author hopes that the book in its revised form would con-
tinue to be patronized by the laymen also.

The impetus to revise this book came not only because of its
inclusion as a text for the Certificate Level biology students of
the Tribhuvan University, but also due to the generous response
from the general public. The author is indeed grateful to all those
who encouraged him to undertake the revision of the book and
particularly to Orient Longman for constantly helping him in the
preparation of the manuscript. Thanks are also due to the National
Parks and Wildlife Office of His Majesty’s Government for making
available the reports and photographs.

Finally, it is the earnest hope of the author that in the context
of the new and emerging interest in the conservation and rational
use of natural resources, this publication will help in the develop-
ment of a new perspective in the students of the Tribhuvan University
on whom so much of the future of the country rests.

July 15, 1977 Disvya Deo BHATT



Preface to the First Edition

This book is an attempt to present the basic elements of the
natural history and economic botany of Nepal. The author has
tried to make the book useful to a wide range of readers — agricul-
turists, biologists, naturalists and the laymen, all may find some-
thing of interest in this small publication.

In writing this book the author has drawn information from
many sources and it is hoped that this work will stimulate others
to undertake more deeper studies on various aspects of the natural
resources of this country. It is also hoped that this will generate a
feeling of awareness on the part of our countrymen to conserve
and make rational use of these resources.

The author would like to express grateful thanks to Dr. Richard
Schultes, Director, Arnold Arboretum, and Editor of the Economic
Botany, Harvard University for going through the manuscript and
speaking kindly about the book. Thanks are also due to Dr. M. L.
Bristol, Assistant Professor, Department of Botany, University of
Hawaii for making helpful suggestions and giving encouragement
in writing this book.

Finally, thanks are also due to Mr. S. R. Basnet, Lecturer, Patan
College for making some of the line drawings and the Department
of Information of H. M. Govt. of Nepal for undertaking publica-

tion of this book.

1970 AUTHOR
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Chapter 1

The Land

Location

Nepal lies between the latitudes 26° 20" N and 30° 10’ N and the
longitudes 80° 15’ and 88° 10’ E — a roughly rectangular piece of
land in the middle Himalayas. It covers an area of 141,577 sq.
km. From east to west, at its maximum point, the country is 830
km long ; from north to south, its breadth varies between 145
km and 242 km, yielding a mean width of 200 km.

Nepal is a land-locked country, lying in between the two giants
of Asia — India towards the south, east and west, and China to-
wards the north. In the east the Singalila range, which is domi-
nated by the Kangchanjunga, demarcates the boundary of Sikkim
and Nepal.

The Himalayas form the northern boundary between Nepal and
Tibet only in certain parts. In western Nepal, ‘the relief is less
rugged than those found on the main Himalayas’, and the Tibetan
marginal ranges, with an average altitude of 6,096 m, form the
‘main watershed between the Rivers Ganges and Tsang-po’.

The Himalayan ranges which run all along the northern fron-
tier of Nepal ‘are arranged like narrow strips predominantly longi-
tudinally and the highest Himalayan chains are not massive eleva-
tions but narrow ridges. The Himalayas pass into the highly
elevated Tibetan plateau...the Tibetan plateau desert often called
“The Roof of the World” which has an average elevation of
15,000 ft (4,572 m)’.2

1. Good, Ronald. 1953, The Geography of Flowering Plants. Longman Green.
p. 35.
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Physiography

NATURAL HISTORY OF NEPAL

Nepal can be conveniently divided into seven natural zones!
which occur in the following order from south to north : 1. The
Terai ; 2. the Siwalik hills ; 3. the Mahabharat Lekh (Lekh-
mountain) ; 4. the Midlands ; 5. The Himalayas ; 6. the Inner
Himalayas ; 7. the Tibetan marginal mountains.

It is significant that ‘more than a quarter of the country’s land
surface exceeds 10,000 ft (3,048 m) in altitude, including a thousand
square miles under the realm of snow and ice (2,590 sqm.)’.2

Of the total land surface, nearly half lies below 1,524 m and
20 per cent has an elevation of less than 305 m above sea-level.
As one flies from south to north, the ‘succession of the ranges
arranged en echelon’® becomes at once manifest.

Terai

The Terai is part of the alluvial cis-gangetic plain of northern
India. It covers an area of 20,720 sq. km with an average width
of 32 km. It contains more than 70 per cent of the cultivated
land and narrows from east to west.

Bhabar

This is a narrow strip of land between the Siwalik (Churiya)
and the Terai, extending over 9,065 sq. km. Locally, it is called
‘Char Kose Fhadi’ because of its average width of 13 km which was
entirely under forest in the past. The soil contains mainly gravel,
boulders, and sand brought down by the streams from the Siwalik
hills and Mahabharat ranges. This tract of land is characterized
by a humid tropical climate and is noteworthy for possessing such
valuable timber trees as Sal (Shorea robusta), Semal (Salmalia mala-
barica), Khair (Acacia catechu), Sisso (Dalbergia sisso), etc. Here
one finds a rich wild life including tiger, elephant, bear, deer,
rhino, antelope, etc.

Churiya
The Churiya range is made up mainly of gravel, pebbles and
a conglomerate of sand and limestone deposited by the south flow-
ing rivers during the pliocene tim=s. The soil contains little or
1. Hagen, Toni. 1960. Nepal. The Himalayan Kingdom. p. 36.
2. Gurung, Harka. The land. Nepal in Ferspective. Ed. P. 8. Rana and K. P.

Malla. CEDA 1973,
3. Ibid. p. 25.
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no humus and is porous. Geologically, the Churiya hills consist
of ‘a great thickness of detrital rocks, such as coarsely bedded
sandstones, clays, conglomerates, and sandy limestones and are
known to be derived from the weathering of the granite core of
the Central Himalayas’. The depositions of the Siwalik were,
at a later date, raised up due to tectonic movements. Ravines,
steep hillocks and pillar-like mounds are the most characteristic
features of this region, whose altitudes vary from 150 m to 1,368 m.
A number of duns (valleys), viz. Rapti, Nawal Parasi and Dang-
Deokhuri lie between the Siwalik and the Mahabharat ranges.

Mahabharat Lekh

This is the central region of the country, which comprises the
high lying valleys and central range of mountains with elevations
between 1,524 m and 2,743 m. The climate of this region is cool
and humid. The Mahabharat is a fold mountain and is made up
of ‘little differentiated, metamorphosed, sedimentary and igneous
rocks of various ages’.! The spurs of the Mahabharat are a cons-
picuous feature of the topography of this region. The ‘heart
of the country’ as Toni Hagen calls the Nepal midlands, lies bet-
ween the Mahabharat and the high Himalayas. Hagen divides
these midlands into nine natural regions each enclosing a wide
valley drained by one of the major branches of the great rivers
which form the main drainage system of Nepal. The valleys of
Kathmandu, Pokhara, Banepa, etc. in the midland are tectonic
in origin.

Dun

There are some minor ‘dun’ valleys — Jogbura, Surkhet, Narim
Kamala, Trijuga, etc. which are formed as a result of formation of
longitudinal basins bv the east flowing rivers between the Churiya
and the Mahabharat. A little over 71 per cent of the Nepalese
people live in this central hilly region ; it has about 27 per cent
of the land under crop and 58 per cent in forest.2 Through their
sheer industry the farmers living in this part of the country have
made terraces on the steep hillsides, sometimes rising from the
valley floors (altitude circa 609 m) to the top of the high mountains

1. Rimal, D. N. 1967. A Guide to Mineral Resources in Nepal. Bureau of

Minecs, Kathmandu.
2. Forest Statistics : Hill Region. Forest Resources Survey, 1973.
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which average around 3,500 m. Due to the removal of the
forest cover, however, serious soil erosion problems have arisen in
this part.

Himalayas and ‘Tibetan Marginal land’

In this region are included the outer, lesser and inner greater
Himalayas, as well as the Tibetan marginal land, with altitudinal
limits varying between 3,657 m to 8,848 m — Mount Everest, the
highest mountain in the world. North of the main Himalayan
range is an area of wet alpine (altitude 4,014 m to 4,572 m) and dry
alpine zones (altitude 4,739 m upwards).! This region is character-
ized by a series of peaks which are part of the great solid wall of
snow and ice, which present towards the north a flat tableland,
the Tibetan plateau. Such well-known peaks of the Himalayas
as Kangchanjunga (8,732 m), Makalu (8,476 m), Everest
(8,848 m), Cho Oyu (8,153 m), Ganesh Himal (7,406 m),
Machhapuchhre (7,059 m), Nampa (6,754 m) and Api (7,131 m),
are found in this region.

The country lying beyond the inner Himalayas and described as
the ‘Tibetan marginal land’ varies in altitude between 3,657 m to
4,572 m. It is an arid zone, as it lies in the rain shadow of the
high mountain ranges. The country is windswept and presents a
bleak appearance.

The districts of Manag, Mustang, Dolpo, Humla, Tibrikot are
part of this distinct geographical unit. It has a vegetation similar
to that of Tibet, the landscape is one of ‘rolling hills, often smooth
and round in outline but sometimes crowned with masses of red
and yellow rock which resembles the castle-like peaks of the dolo-
mites’.2 The peaks, which arise from comparatively flat land,
are formed of sandy shales of sedimentary origin but the rocky
dolomite peaks are made of limestone.

Land Use

Topographically, the country is principally mountainous. Only
20 per cent of the land lies below 3,048 m.

Nearly a third of the land (32 per cent) is under forest,?

1. Swan, Lawrence. 1963. The Ecology of the Heights. Natural History.

2. Stainton, J. D. A. 1963. Notes on Journey in West Nepal. p. 2.
{Mimeo.). :

3. Area under forest has further decreased, according to recent studies.
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and 14.9 per cent under permanent snow, as shown in the following
Table.

TABLE ]
Lanp Use Tyee ( 1970/71)

Land Use Type Area 8q. km. Per cent of Total
I. Aegricultural 19,800 ) 13.98
Hilly Region 5,795 49
Terai Region 14,005 9.89
II. Forest Land ~ 44,750 31.61
Hilly Region 28,750 20.31
Terai Region 16,000 11.30
I1I. Other Land 77,027 . 54.41
Land Reclaimable 18,600 13.14 ,
Land Un-reclaimable 26,441 18.68
Land Under Perpetual Snow 21,121 14,92
Land Under Riverbeds, Canals
and others 10,865 7.67

Source : Ministry of Food and Agricﬁlture, Economic Analysis and Planning
Division, HMG/Nepal. :

The difference in altitude combined with an increasing rainfall
from west to east has resulted in difference in climate and vegeta-
tion — both vertically and horizontally. One should look at the
diversity in agriculture, economy and cultures of Nepal against
the topographical complexities.

Regional Variations

There are wide differences in land area — cultivated land and
population density in the hills and the Terai, as the following
table shows :

TABLE 2

REeGcioNAL VARIATION

Criteria Mountains Terai & Kathmandu Nepal
and hills Inner Terai Valley
1. Landarea (%) 72.9 26.7 0.5 100
2. Cultivated land 1970/71 (%) 26.9 70.7 2.4 100
3. Population density 1971
(sq. km) 58.0 128 1,039 80

Source : Ministry of Food and Agriculture, Central Bureau of Statistics.
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'The geographical distribution of the population is as follows :

Hills 66,81,287
Terai 39,94,502
Inner Terai 8,80,194

The country has a population of 11.5 million people, with an
average density of 213 per sq. mile! (80/sq. km). By 1980, the
population of Nepal will exceed 13 million. Of the country’s
total population, 94.4 per cent is engaged in agriculture ; it pro-
vides bulk of the GDP — Rs. 6539 000,000 in 1969-70 (at 1964/65
constant prices). Only a small section of the people is engaged
in manufacturing (2.47 per cent) and service (2.74 per cent).
Agriculture coatributed 68.75 per cent of the total GDP at current
market prices (1968/69).

According to the latest census, the percentage of rural and
urban population is 96.16 and 3.84 respectively.

Nearly two million people fall within the age group of 15-24, of
which nearly a third are economically inactive. The majority of the
people are Hindus (89 per cent), followed by those who follow
Buddhism. There are many ethnic groups : Gurungs, Magars,
Rais, Limbus, Tharus, Sunwars, Rajbhanshis, Satars, Danuwars,
etc.

From the linguistic standpoint, for more than 6 million people
Nepali is the mother tongue; the rest speak Maithili (1.32 million),
Bhojpuri (8,64,800), Tamang (5,55,560), Tharu (4,95,681),
Newari (4,54,979), Awadhi (3,16,950).

Demographic Trends

The disparity hetween the Terai and the hills is also seen in the
density of population. To cite an example: Siraha (Terai) has
265 people/sq. km and Terathum 145/sq. km. While the rate of
population increase in the hills is 56 per cent, in the Terai it is 129
per cent. Besides the Kathmandu Valley, the hills and mountain-
ous regions cover 72.9 per cent of the land area hut they support
53.2 per cent of the total population. The Terai and Inner Terai,
which have conly 26.7 per cent of the land area, support 41 per
cent of the population.

1. Nepal : National Report on Human Environment. National Planning
Commission, Kathmandu.
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Though the national average of density of population is rather
low, in terms of arable land per head, in Nepal it is 0.17 ha. as
against 0.07 in Japan, 0.33 in India, 1.05 in USSR and 20.5 in
‘Canada.

In Nepal birth rate is 42.87 per 1,000 which is much higher thar
that prevalent in the developed countries. A number of factors
have contributed to this: early marriage, the desire to have more
children, both as an insurance for old age and to fulfil the need
for extra hands to work on the farm and manage the family, the
uncertainty about survival of new-born children and lack of in-
formation on birth control. The ‘crude’ mortality rate, as estimated
by the Bureau of Statistics, is 22.87 per 1,000 which is higher than
that in other Asian countr,es. Infant mortality in Nepal is around
145 per 1,000 newborn babies and life expectancy about 43.
According to the demographers, ‘a gain of 6 months of life expec-
tancy is expected to be realized every year’.! This is attributable
to the greater medical facilities in the rural and urban areas.
Population problems in Nepal are real because of limited amount
of cultivable land in the country, a fall in foodgrain production
(2.4 per cent) in the hills and a marginal increase of 1.3 per cent
in the Terai. In fact, experts® have predicted that at the end of
the Fifth Plan period (1980-81 ), ‘there would be a gap in the
demand and supply of paddy to the order of 240 thousand tonnes’.
In the coming decade, i.e. 1980-90, ‘the situation with respect
to the gap between demand and supply for “total foodgrains”,
would, however, be most distressing. By 1985-86, under all
situations, the country will have a d-ficit ranging from 103.04
thousand tonnes under hest conditions to about 804.57 thousand
tonnes under worst conditions’.

While the need for bringing about an incrcase in agricultural
production cannot be overemphasized, a diversification in the
pattern of cereal consumption would reduce too much dependency
on rice, millet, wheat and barley. The per capita consumption of
foodgrains in 1969-70 was: paddy 192.13 kg, maize 72.62 kg,
millet 9.21 kg, wheat 19.43 kg (total 293.39 kg). Though there
1s still a more or less heavy consumption of paddy and maize, an

1. Manandhar, T. B. 1974, The Growth and Distribution of Population in Nepal.
Bull. Nepal National Commission for Unesco 6 (4 ) : 39-42.

2. Pant,Y.P.and Jain, S. C. 1972. Long Term Planning for Agriculture. Vikas.
pp. 166-67.
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increase in the amount of millet and wheat is seen during 1961-
70 period. :

‘The Central Bureau of Statistics had estimated an annual in-
crease of 1.8]1 per cent in population during the Third Five Year
Plan (1965-70) and for the Fourth Plan (1970-75) around 1.95
per cent. The actual increase in the last decade has been 2.07 per
cent. The projected rate of increase in the Fifth Plan is 2.24,
which would mean a population of 12.59 million in 1976.

TABLE 3

EsTiMATES oF PorULATION PrOJECTIONS OF NEPAL OVER
THE PERIOD 1971 TO 1991

Year Popylation in Percentage Annual
Millions Increment

1970 11.04 —

1971 11.25 1.81

1976 12.39 1.95

1981 13.78 2,14

1986 _ 15.35 2.28

1991 17.21 2.42

Source : Central Bureau of Statistics.

Population Problems

The developing countries of the world contain two-thirds of the
world population with a growth rate of 2.5 per cent. The world is
witnessing an unprecedented increase of 70 million per year, and if
the present rate continues, by the year 2000 the world population
will be nearly 6.5 bijllion. At the existing rate of growth, India
will have a billion people by 1990, Pakistan 250 million, and
Indonesia 200 million. U. N. demographers predict a decline in
birth rate for the world as a whole — 38 per thousand to 34 per
thousand in 1985. This would still be much greater than the
world can manage with the limited resources now available.
Reduction in population growth rate would be accompanied by
an increase in life expectancy in developed countries — from the pre-
sent 55 years to 59 years by 1985.

In Nepal new patterns in demography are emerging. Some parts
of the country, such as the Terai, are growing faster than the hills,
a fact which is ascribed to large-scale migration, as Rana and
Thapa (1974 ) point out :
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‘Population movement in Nepal, however, is not limited to
Terai. Nepal has since long been a population exporting country
and the past two censuses indicate that this trend is on the in-
crease. Whereas 2.4 per cent of the total population had migrat-
ed outside the country in 1952/54, the corresponding figures for
1961 and 1971 were respectively 3.5 and 5.2 per cent.’* Another
significant fact which has emerged from present studies is that in
the last two decades there has been a steady increase in the re-
distribution of population within the country. While in 1952/5¢
the total population involved was 0.13 per cent, ten years later’
(1961 census) it had increased to 1.3 per cent, and by 1971 it
had more than doubled, viz. 3.6 per cent. During this period,
some areas had increased by as much as 75 per cent, while in the
hills the density has remained more or less the same. The popu-
latior in the hill and Terai regions is not increasing at the same
rate. In the last decade though the population in the hill and
the mountainous regions did not exceed 1.76 per cent, the popula-
tion in the western Terai dcubled during the same period.
Furthermore, while the growth rate for the country as a whole was
2 per cent, that of the Terai was 3.4 per cent. Thus the increase
in the population in the Terai ‘is due to immigrants both from
the hills as well as from people born outside the country (98.9 per
cent from India)’.? The results of the last census also revealed
that ‘9.5 per cent of the total population of the Terai had been
born in the hills (including Kathmandu Valley ); of the popula-
tion as a whole, 8 per cent of the total were born in India’.*
Obviously, one sees a shift in favour of migration of the hill popula-
tion into the Terai. '-

The reasons for this shift are not far to be found. Two deca-
des ago, people from the hilly region never ventured to go to the
awl ( malaria ) infested inner valleys of Chitwan, Dang-Deokhuri,.
Udayapur Sinduli, and to parts of the Terai still under heavy forest.
The eradication of malaria set in process migration of population
on a scale unprecedented in the history of the country. Some
people who were habituated to living in the hills at altitudes of
1,524 m to 2,438 m, were also emboldened to move into the

. Rana, Ratna 8. J. B. and Thapa, Yadav S. 1974. ‘Population and Deve--
lopment’. T. U. CEDA. Seminar. August 1 and 2, 1974. ( Mimeographed,.

draft paper ).
2. Ibid. 3. Ibid.
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Terai. The migration rate is highest in western Nepal, ‘where
as many as 86 persons are absent for six months or more for
every 1,000 people, which is more than double the national rate,
and almost eight times higher than the average for the Terai’. It
seems that both the eastern Terai and western Terai have received
the bulk of people from outside-hills as well as across the horder :
“The Eastern Terai had absorbed 175,532 persons compared to
68,182 persons in 1961. The ‘net positive migration’ of 235
per cent in 1971 over the previous census in the far western Terai
is indicative of the extremely poor economic conditions which
are prevalent there. A poor terrain, loss in productivity, deficit
in foodgrains and drought have all contributed towards making
the people of this part the poorest in the country.

Urbanization

The process of urbanization is taking place slowly but imper-
ceptibly. This has been most manifest in the bordering towns
where economic activities have been intens:fied in the past decade.
According to the United Nations definition, ‘urban’ areas are
those localities which have a population of more than 20,000 in-
habitants. In Nepal, as a whole, there are only 7 such centres,
Kathmandu leading with a population of more than 100,000. In
the country as a whole there are 16 Town Panchayats, 12 of which
have a population of 10,000 or above. Housing, sanitation, elec-
tricity, water supply and sewage system are either lacking or at
sub-optimal level. As means of communication improve, the
trend towards migration to urban centres is on the increase, bring-

ing fresh problems of employment, education, health, ctc. to the
fore.



Chapter 11

Climate

Meteorological data for Nepal have been compiled in a syste-
matic manner only since the last decade. In the Kathmandu
Valley itself, however, the British Embassy and later the Indian
Embassy also have kept records of climate. These stretch for a
period of well over 40 years. In more recent years, meteorologi-
cal data of different parts of the country have been collected with
a view to assessing the hydro-electric potential of the major rivers
of Nepal. The Department of Hydro-Meteorology has a network
of weather stations for keeping climatological data — temperature,
rainfall and humidity.

In Nepal local climatic differences (micro-climate) are very
sharp, which in turn are reflected in the vegetation too. In the river
valleys within a vertical drop of almost 914 m, one comes across
tropical, sub-tropical and temperate climates and vegetational zones.

Rainfall

West Nepal is drier than East Nepal. Rainfall increases as one
proceeds {rom east to west; the southern slopes of the Mahabha-
rat receive more rain than the Terai; similarly rainfall increases
with altitude until a certain height is reached. The moisture-
laden south-east monsoon brings rain during the months of June,
July, August, and September, while the winter months are com-
paratively dry. Winter rains are more common in the western
hills. It is not unusual to have a rainy spell in late March. Spring
rains are accompanied by thunderstorms. These are quite heavy
on the south faces of the Mahabharat.
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In the inner Himalayas and beyond its main chain are found
areas which are completely dry. While the Khumbu glacier gets
rainfall of 39 cm, it is 166 cm in the Dudh Kosi river basin. The-
reason, according to Hagen, is this: “The Himalayas are a one-
sided meteorological unit, and being situated on the margin of a.
huge land mass, they receive moisture from one side only, namely,
from the south. Seasonal rainfall is, therefore, encountered only,
on their southern flanks.’® In the foothills of Everest, Lhotse,
Makalu, Cho Oyu and Gyachung Kang, which create a solid wall
separating the northern arid Tibetan plateau and the moist south:
flanks ‘the rainfall may be 5080 mm. per year’. Rainfall increases
from south to north, from the Terai plains to the foothills and
still higher on the southern slopes of the Himalayas. In the eastern
Himalayas where the rainfall is high, long glaciers are found

Stainton says :

“The total annual rainfall in many places in the hills would be
higher, but the fact which has most effect on the vegetation is
not that the total is higher but that thunderstorms and spring
rains spread the rain over a much longer period. It is this which
enables a winter crop to be harvested in the hills before the
monsocn rains’ atrive.

‘In many of the big river valle'y'a of Nepal a wind blows daily
up-stream, clearing away the clouds from the centre of the valley
and sharply reducing rainfall there....The gap through which the
Kali Gandaki passes between Dhaulagiri and Annapurna provides.
an extreme example of reduction of rainfall by valley winds. The
wiad is so strong that in the middle of the day, it is something
of an effort to walk against it. Jomsom lies at 2,743 m. and
here even during the monsoon the centre of the valley is normally
kept free of clouds, though the sides of the valley at the time of
the vear are usually covered in mist. The up-valley winds
greatly reduce the rainfall, but it is further reduced by the rain
screen effect, for, by the time one has reached Jomsom one has
passed to the northern side of the main ranges where the general
rainfall is low. Both factors combine to give Jomsom, the lowest
recorded rainfall figures for any station in Nepal.’?

1. Hagen, Toni. 0p. cit. p. 12, .
2. Siainton, J. D. A. 1972, Forests of Nepal. John Murray.
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TABLE 4

RAINFALL AT SELECTED PLACES

Station Mean Annual Rainfall
(in mm )
Dbangarhi 1916
Kakarpakba ( Baitadi) 1408
Jumla 490
Dailekh 1850
Chisapani 2363
Surkhet 1929
Jomsom 347
Rampur 1952
Hetaunda 2279
Kathmandu 2447
Dhankuta 984
Soktim 2368
Barahchetra 3101
Dharan ) 3044
Walungchangola 1954

Source : Climatological Records.

In the Nepal Himalayas are found ‘deep, extensive, desert-like
valley cuttings’ and due to high solar radiation ‘the surround-
ing mountains become greatly heated and suck in air. This leads
to an extraordinary dry descending wind above the valleys. It
is because of this that while the valley floor is dry, the hill sides
bear moist temperate forest, the trees of which are covered with
mosses and lichens, a distinctive feature of the temperate forests’,1

The Kathmandu Valley (altitude circa 1,231 m), which is
located between latitudes 27.34° N and 27.50° N and longitudes
85.11°E and 85.32° E, gets a mean annual rainfall of 2,447 mm.
The highest rainfall 2,012 mm was recorded in 1954 during the
nine-month period, May to December. Rainfall in the valley js
heaviest in the months of June, July, August and September. The
monsoon breaks around the second week of June, and in early
July, strikes with full force. Rains persist until the last week of
September, with occasional showers occurring as late as October.

In the Kathmandu Valley, the total rainy days vary from year
to vear; in the seven-year period, from 1955 to 1962, the mijnj-
mum number of rainy days were 99, while the maximum were 153.

1. Swan, L. Op. cit. p. 24.
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TABLE 5

ToraL NuMrer oF RaiNy Dayvs IN KATHMANDU
' IN 7-YEAR PERIOD

Year 1955 1956 1957 1958 1959 1960 1961 1962
Rainy days 121 152 99 112 128 112 111 127

Source : Climatological Records 1968.

Temperature

Records for temperature and humidity are now available for
many parts of the country. In the Terai winter temperature varies
between 25°C (Parwanipur) and 27°C (Napalganj). Summer
temperature exceeds 42°C in both places. In the Kathmandu
Valley, the average maximum temperature (in 1968) was 23.3°C
while the highest temperature was 31.8°C (in 1958). The coldest
month is January with average daytime temperature of 11.3°C. The
night temperature, however, falls well below freezing point during
the months of January and February (—1.5°C and —1.8°C res-
pectively). April, May, June and July are the warmest months in
the valley with a temperature range of 21.8°C to 29.9°C, the
maximum recorded so far being 31.8°C. Extremes in temperature
are lacking in the Kathmandu Valley.

TABLE 6

MaxiMuM AND MimnimuM TEMPERATURE RECORDED
N KAatamanpu!

Months Jan. Feb, Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Max 66 80 80 84 8 90 90 86 87 88 88 82
Min 37 37 44 46 52 60 68 69 70 58 47 41

Altitude and aspect (slope) play equally important roles in
determining climate and vegetation. With the increase in altitude
there is a loss of intensity of rainfall and it is more in the form of
a drizzle. The mist covered lekhs are a characteristic feature
of the mountain landscape of Nepal. Damp weather with per-
petual cloud determines the upper limit of crop cultivation which
is normally around 2,438 m, though in very wet areas such as

1. Hydrological Section, Ministry of Irrigation and Power. Figures denote
only the maximum and minimum recorded in the year and not average.
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Annapurna Himal and the upper Arun, cultivation ceases at around
1,828 m, and in contrast in the Junbesi district, there are fields at
up to 3,048 m. In the Jumla and Dolpo districts and in the inner
valleys conditions are altogether different and cultivation may
continue upto 4,267 m. ‘Extremes of temperature are found in the
plains and the mountainous parts of the country.’

TABLE 7

MEeAN TEMPERATURE IN IMPORTANT PLACES
(in centigrade)

Name of the 1967 1968 1969 1970
Place

Max Min Max Min Max  Min Max  Min
Taplejung 20 11 20 11 21 12 - N.A. NA.
Barahksetra 29 19 29 19 N.A. N.A. N.A. N.A.
Okhaldhunga 21 11 21 12 21 12 21 12
Namche Bazar 11 1 12 1 11 2 N.A. N.A.
Bhojpur 20 13 20 13 N.A. N.A. N.A. N.A.
Kathmandu 25 11 25 11 26 12 24 11
Gorkha 25 15 25 15 25 15 N.A. N.A.
Pokhara 26 15 26 16 26 16 25 14
Butwal 31 20 30 20 31 20 29 21
Jom:om 19 6 19 5 19 5 N.A. N.A.
Sallyan 23 14 23 14 N.A. N.A. 23 15
Dailckh N.A. N.A. 23 14 N.A. N.A. NA. N.A.

N. A.: Not available.

In Butwal (263 m), which is at the base of foothills, average
maximum temperature lies near 30°CG (1968), while in Namche
Bazar (3,050 m), which is near the Everest, it is 10.5°C. Chainpur
(1,329 m) is a typical hilly location in the midlands ; here the
maximum and minimum lies between 24°C and 15°C (1968).

In the far western Terai district of Kanchanpur, the average
summer temperature goes up to 32.2°C, which is usually accom-
panied by a blast of hot air or Loo ; winter temperature remains
hetween 10°C and 12.8°C.
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TABLE 8

STATION: POKHARA (AIRPOKT)—YEAR 1968

AIR TEMPERATURE °C

Month Mean Relative Humidity
Max Min %
Jan. 14.1 9.9 89
Feb. — — —
Mar. — — —
'Apr. — — —
May — — —
June 28.3 22.0 82
" July 28.6 22.2 85
Aug. 29.3 22.3 87
. Sep. 28.5 21.2 82
Oct. 25.1 13.9 75
‘Nov. 22.9 10.8 78
Dec. 20.7 6.4 80
Year 24.7 16.0 82

Source: Climatological Records. HMG.
— Not recorded.

TABLE 9
STATION: JIRI—YEAR 1968

AIR TEMPERATURE °C

Month Max Min Relativeoflzunidil ly
/0
Jan. 12.8 0.1 82
Feb. 15.5 0.1 : 76
Mar. 19.1 4.2 76
Apr. 22.4 7.0 50
May 21.7 17.8 64
June 22.0 19.5 82
July 23.6 12.1 86
Aug. 22.6 19.6 86
Sept. 23.0 18.7 89
Oct. 19.0 — 83
‘Nov. 17.8 3.7 74
Dec. 14.5 N.1 72
Year 19.5 — 77

Source : Climatological Records. HMG.
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TABLE 10

MonNTtHLY AVERAGE RELATIVE HuMmiDiTY OF KATHMANDU

17

Months 1959 1960 1961 1962
January 60.5 59.6 60.1 66.7
February 54.07 53.4 60.0 75.6
March 44.9 — 46.6 56.4
April 43.2 — 51.56 51.9
May 61.6 — 45.3 57.9
June ? 66.9 56.0 75.4
July 76.1 83.0 77.1 75.0
August 75.6 75.7 79.8 84.8
September 75.65 76.0 74.1 75.7
October 71.01 69.42 69.66 60.1
November 63.36 55.90 65.3 62.3
December 62.31 60.1 64.2 64.4

Relative Humidity

Rainy months, especially in the Terai belt of Nepal, are marked
by high humidity which gets close to the saturation point. In
the Kathmandu Valley, during the months of July and August,
the atmosphere has a relative humidity of more than 80 per cent.

N. H. N.—2
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Soils

Next to the climate, the soil is the most important factor affecting
the growth of plants. The four distinct vegetational zones of the
country generally typify the soil composition of at least four
types : ‘The soils of Nepal’ according to Karan, ‘reflect meso-
‘thermal, microthermal and tundra climatic zones and the tropical
(including the sub-trop/cal). temperate and alpine zones of vege-
tation. Azonal (lithosols) exist on the steepest and highest
Himalayan slopes, but on the gentler slopes of the Mahabharat
range and the Churiya, shallow zonal soils prevail where vegetation
cover remains more or less intact.’! Red laterite soils which are
characterized by a high iron and aluminium oxide content, are
common in the middle mountainous region. In the Terai, alluvial
soil, which has been transported by the river systems from the
hills, is characterized by having rounded and smoothed particles
of soil and is generally well stratified. Depending upon the
movement of water, alluvial deposits show strata of finely ground-
ed silt, clay or sand. The soil is, on the whole, poor in organic
matter and contains a low amount of nitrogen, but has adequate
amounts of alkalies, potassium, and phosphoric acid.

The Churiya hills which are of tertiary origin are part of the
range that extends from Afganisthan to Assam. The primary soils of
these hills are made of coarse rocks, clay and conglomerates. ‘The
soils, in their northern parts, resemble mountain forest soils in
showing podzolic and brown earth characteristics on their profiles.’®

1. Karan, P. 1960. Nepal : A Physical and Cultural Geography.
2. Legris, Pierre. ‘Report to Govt. of Nepal on Forestry.” ( mimeographed
p. 27.
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Bhabar Soils

‘Fringing the alluvial soils of Terai is the tract known as Bhabar.
This is the slope of gravél and shingle along the foot of the
Himalayas, in which the water of mountain streams disappears to
reissue again in the form of springs in the Terai. The porous
soils of Bhabar support dense sal forests. Coarse gravels and
torrent boulders, generally mixed with ferruginous sand and clay,
cover great portions of the duns.’?

Soil of the Mountain Region

The mountain soils contain little organic matter and are formed
quite often by the breakdown of limestone, gneiss, quartz, etc.
The rock pieces are mica schist, and being new the soils ( litho-
sols ) are generally poor for agriculture. Karan says : ‘Scanty soils
prevail in the mountainous regions of Nepal, where sandstones,
clay and limestones mainly of the tertiary age, form the funda-
mental plant material. These mountain soils are liable to con-
stant erosion. Of restricted extent, in the inner-mountain basins,
they include mountain meadows and forest soils, alluvial ricelands,
and podzolic soils, as well as talus accumulations, screes, and
residual materials left by the weathering away of limestones and
dolomites.’2 : :

In the temperate parts of the country red or yellow lateritic
soil is ‘succeeded by brown or gray podzolic forest soils and moun-
tain meadow soils at higher altitudes’.? Sal ( Shorea robusta) is
invariably associated with red soils.

Soil of the Kathmandu Valley

The soil of the Kathmandu Valley is of recent (pleistocene)
origin and is azonal, i.e. with no distinct soil profile. It is in most
parts, clayey with lot of organic matter. Fossils of recent origin
(eocene) have bheen found in Phulchoki — a place about eight
miles south-east of the capital city. Besides shale, here one comes
across fossiliferous iron ore, haematite, calcite, quartz, limestone
and marble. The boulders and stones are mostly of mica schist,
quartz and sand.

Large deposits of peat exist in the valley, which is dug out

1. Legris Picrre. Op.cit. p. 27.

2. 1bid.
3. Ibid.
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and used as fuel. In the peat, impressions of leaves as well as
other parts are found. Ecologists have attributed three reasons
for peat accumulation : water logging, leaching, and low tempe-
ratures. These conditions decrease soil fertility due to their harm-
ful effects on the aerobic micro-organism population of the soil.
As a consequence of this, there is an increase in the anaerobic
population of soil micro-organisms. When these act upon the
organic matter, the breakdown products are not carbon dicxide
and nitrate, but ammonia and methane (CH,) gas. The dis-
covery in recent times of methane gas in the Valley provides evidence
of boggy conditions that once existed here.

Soil types in the Valley vary from silt loam to clayey loam.
The water table is rather high in most parts and the soil reaction
varies from pH 5 to 9 (Table 11).

TABLE 11

Soi. TypE AND pH oF THE KATHMANDU VALLEY AT THREE
SELECTED SITES

Site Horizon Water
No, (in mm)  Colour Texture pH Table
(in mm)
1. 127 Dark Fine Sticky with small particles 6.5 914
of minerals and mica.
152 White Coarse sand plastic 9.0 914
Grey with iron.
330 White Fine slightly plastic 9.0 914
Grey with iron.
381 Grey Plastic fine 8.0 v
2, 279 Dark Mixed with Ferric Oxide 6.5 482
Grey '
457 Light Sand mixed with a thin 6.5 533
Grey layer of clay
3. 279 Dark 5.0 533
Grey
381 Light 5.0 )y
Grey

All samples from paddy ficlds along the Bagmati river.
Source : Soil Section, Department of Agriculture.
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Soils of the Terai Region

Soils of the Terai are essentially made of materials transported
and deposited in relatively recent times by the Ganges and its
tributaries. Being immature soils, they show weak profiles. In
general, soils are poor in nitrogen because of continuous cropping
under one crop. The alluvium is reported to be 2,434 m de:p.
The soils are pale yellow to dark greyish brown in colour and
vary in texture from sandy loam to sandy clay loam. (Tables
12,13, 14.)

The soil data establishes the fact that ‘the pH values of the
surface samples of Parwanipur, Biratnagar and Nepalganj are
between 6.45-7.10, which are proper for the general crop growth,
whereas the pH of the Rapti valley soils is 5.4, in which case liming
may have to be practised’. The total soluble salts are low except
in the samples of the Rapti valley (2.0 per cent organic carbon
and 0.16 per cent of nitrogen). All the samples are adequately
supplied with phosphorus and the values are fairly uniform.
The potash content of the samples seems to be high.

Soil Types

In the Nawalpur Resettlement Project, which covers an area
of nearly 11,170 acres, the soil types are mainly loamy, loam and
sandy clay loam, mostly strewn with boulders and stones. Soil
pH varies from 3.9 to 6.5, organic matter from 0.321 per cent,
nitrogen from 0.021 to 0.154 per cent, and phosphorus from 0.002
to 0.6 per cent.

Nepalganj Agricultural Farm : Soils in this region vary from
loamy sand to clay. The pH is within the range of 5.5 to 8.5,
organic matter content 0.184 to 1.738 per cent, nitrogen from
0.035 to 0.112 per cent, and phosphorus from 0.0015 to 0.060
per cent. The fertility in general is quite low.

Biratnagar Agricultural Farm : Soil type varies from sandy
loam to clay loam. The pH lies within the range 5.5 to 8.3, organic
matter from 0.02]1 to 0.464 per cent, and phosphorus from 0.004
to 0.464 per cent.

Dhankuta Agricultural Farm : The soil is mostly sandy loam
in nature. The average pH is 5. The percentage of organic
matter varies from 0.4 to 3.8, nitrogen from 0.05 to 0.11 and
phosphorus from 0.004 to 0.11.

Pokhara Agricultural Farm : Three soil types are found: sand,



TABLE 12

CHEmiCAL COMPOSITION OF SoILS ]
(expressed as per cent on oven dry basis)

Depin Loss  Hygrosco-  Sio, R,0, Al,0,  Fey0, T,0, P,0 Ca0 MgO K.0 Mn0O
cms on pi,;
Ignition Moisture

Profile 1 ( Parwanipur)
0-23 4.55 0.18 80.39 8.465 5.308 2.80 0.187 0.170 0.710  0.651 2.328 0.169

23-45 3.86 0.19 79.22 14.227 10.065 3.60 0.438 0.124 0.701 0.601 2473 0.258
45-165 1.24 0.39 88.45 7.780 4968 240 0.226 0.186 0.396 1.376 1.791  0.228

Profile 2 ( Rapti Valley) _
67.90 18.094 13.547 3.83 0.441 0.276 0.705 0.504 2.844 0.051

0-15 6.80 0.82
15-45 6.43 0.58 72,72 18.708 0.02 0.377 0.124 0.704 0.124 0.452 0.754 2.111
45-75 4.26 0.38 73.52 16.372 11.753 4.01 0.376 0.233 0.562 0.302 2,980 0.161
75-150 4.82 0.27 70.12 17.387 13.006 4.0} 0.226 0.155 0.772 0.501 3.328 0.183

Profile 3 ( Birat Nagar)

0-30_ 3.94 0.20 73.24 18.887 13.556 4.40 0.730 0.201 0.701 0951 3.364 0.081
30-53 3.09 029 7720 15.946 12,564 2.80 0.396 0.186 0,562 0.927 2.830 0.567
53-75 2.45 0.13 79.44 14.518 10929 3.20 0.250 0.139 0.139 0.735 0.742 0.288
75-150 2.20 0.14 82.52 12,522 8.708 3.20 0.459 0.155 0.631 0.450 2.827 0.213

Profile 4 ( Nepalganj)

0-28 5.98 0.27 83.92 4.261 1.289 240 0.417 0.155 0.701 0.350 1.851 0.243
28-70 4.31 0.37 82.15 9.284 5.791 2.81 0.543 0.140 0.562 0.401 2.582 0.199
70-150 309 0.45 79.12 15.821 11.143 4.01 0.565 0.103 0.562 0.426 2.417 0.017

Source : Soil Section, Department of Agriculture, HMG/Nepal.
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TABLE 12

Orcanic CarsoN, NrrroGen C/N Ratio, pH, ToraL SovLuBLe Sarts. CEC. oF SoiLs & Crays

(expressed on oven dry basis)

Depth Organic  Total Total Total Exchangeable  Cations C.E.C
in cms Carbon Nitrogen  CIN Soluble bH C.E.C. Exch. ‘ of Clays
% % Ratio Salts me[l100  Cations Ca Mg K me[100
% gm gm
Profile 1 ( Parwanipur )

0-23 0.238 0.0364 6.53 0.035 6.45 8.00 7.57 5.73 1.27 0.57 42.47
23-45 0.404 0.0560  7.21 0.242 6.15 8.30 7.81 4.25 2.25 1.31 24.47
45-165 0.048 0.0210 2.28 0.210 6.85 4.00 3.84 1.26 0.43 2.15 —

Profile 2 ( Rapti Valley )

0-15 2.091 0.1596 13.10 0.035 5.45 17.40 5.64 3.17 1.27 1.20 38.36
1545 1.152 0.0852 12.10 0.021 8.40 3.53 1.27 1.27 0.99 1.27 30.14
45-75 0.238 0.0350 6.80 0.201 6.05 4.60 4.36 1.58 1.26 1.52 24.66
75-150 0.143 0.0210 6.80 0.014 6.40 3.60 3.41 1.26 0.32 1.83 20.55

Profile 3 ( Birat Nagar)

0-30 0.428 0.0490  8.37 0.042 6.45 7.80 7.36 3.85 2.15 1.35 42.21
30-53 0.238 0.0266 8.94 0.035 6.85 5.30 5.15 2.55 0.85 1.75 41.10
75-150 0.066 0.0210  3.14 0.021 7.05 3.00 2.94 1.90 4.3 0.61 —

Profile 4 ( Nepalganj)

0-28 0.428 0.0392 10.91 0.021 7.12 7.58 7.30 4.73 1.84 0.73 ~ 32.88
28-70 0.143  0.0252  5.67 0.028 7.36 10.48 10.15 5.06 4.42 0.67 31.51
70-150 0.095 0.0238 3.9 0.021 7.75 12.39 12.06 6.95 4.44 0.67 32.88

Source : Soil Section, Department of Agriculture, HMG/Nepal.
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TABLE 13

pH AnD NUTRITIONAL STATUS OF sSOME TERA! AND Buannar Forest Soirs

Forest Type Soil Texture pH Nitrogen Phosphorus  Potassium
in % Ibs|acre in lbs|acre
Sal forests — ( Shorea robusta ) Sandy Loam, 4.25-4.90 0.05 -0.152 6.0-96 225-575
Sandy Clay Loam  5.40-5.70 0.027-0.160 7.2-30 205-280
Loam 5.85-6.00 0.02 -0.12 2.8-34.8 770-96.0
Mixed Sal forests — ( Shorea
robusta mixed with Terminalia
tomentosa, Sandy Loam 5.60-5.95 0.12-0.15 7.60-16.32  620-795
Dillenia pentagyna) Loamy Sand 5.80-5.95 0.12-0.16 256-385 187-567
Shrubs : (eraya, Koerigi
Adhateda vasica, Clerodendron
infortunatum, etc.)
Miscellaneous Forests — ( Sal-
malia malabarica, Albizzia lebbek,
Cedrela toona, etc.) Loamy Fine Sand 6.90-7.45 0.02- .045 4.48-23.6 0-62.5
Khair & Sisso Type — ( Acacia
catechu, Dalbergia sisso) Loamy Sand 6.70-7.20 0.04-0.12 2.80-7.68 50-190
6.70-7.50 0.02-0.13 7.20-19.60 115-140
Remarks :
Rating for N (m % ) Pi0; inlblac K,O in lbsfacre
Low 1% 20 1bsfac 125 lbs/ac
Medium 0.1-0.29%, 20-50 125-300
High 0.2 &above 50 & above 300 & above

Source :

Soil Section, Forest Resources Survey, HMG/Nepal.
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sandy loam, loam, and silty-loam. The pH ranges from 5.0 to
8.2, the organic matter percentage varies between 0.2 to 3.0, and
that of phosphorus from 0.007 to 0.199. The soils are in general,
coarse, calcareous and in some cases have stones and pebbles.!

Soils of Kanchanpur

In the far western Terai district of Kanchanpur, five different
types of soils have been recognized: loamy sand, sandy loam,
silty loam and clay loam. In forests (canopy 50 per cent and
surface litters 100 per cent), the soil is ‘moderately alkaline, ex-
cessively drained sandy loam underlain by loamy sand and high.
in organic content’.?

The Terai alluvium, especially the cultivated soils of Kanchanpur
district are deficient in nitrogen, phosphorus and organic matter.
Fertility of soils in general can be increased by applying NPK in
combination with farmyard manure or green manure. In one
experiment, ‘an application of 34 kg N, 34 kg P,O; and 34 kg
KO together with 6720 kg of F. R. M. per hectare resulted in
26.479%, and 60.999%, increase in yields of two improved varieties.
of paddy — BR 34 and Taichung Native 1 respectively’.?

Green manuring by dhanaicha (Crotalaria), Sunhemp (Sesbania)
Clover (Trifolium) and soyabean greatly improves the texture
and fertility of soil. The yield may be increased by more than 16
per cent.

The Soil section has recommended the following rates of applica-
tion of fertilizers for the major crops (in Kanchanpur) in shown in
Table 14.

I. Pradhan, M. L., Basnyat, R. H, and Maharjan, P. L. 1964. Soil Survey
of some Areas of Pokhara ( West no. 3) and Syanjya ( West no. 4 ) Gandaki Zone.
Soils Section/HMG.

2. Pradhan, Manik L., Tej Bahadur, K. C. and Purna L. Maharjan. 1969.
Soil Suwrvey of Kanchanpur District. Soils Section, Dept. of Agriculture. C

3. Ibid. p. 54.
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TABLE 14

RECOMMENDED Doses oF MANURES AND FERTILIZERS FOR THE
IMPROVED VARIETIEs OF CROPS IN THE DISTRICT

(requirements of fertilizer elements kglha)

Craps Nitrogen (N) Phosphorus (P,0;) Potash (K,0)

1. Paddy

Taichung

Native 1,

Taichung and

Taiwan varieties 70-90 45 35
2. Wheat, maize 90 45 35

Seil pH and Fertility

Fertile soils have a pH range of 2.8 to 9.7. Micro-organisms
—bacteria, fungi, actinomyces, protozoa, etc. play a bhig role in
breaking down complex organic matter into simple substances
which are then utilized by the plants or released into the atmo-
sphere.

Root nodule bacteria perfer an acidic soil, but in the case, of
soyabean, the micro-organisms thrive best between pH 5.5 and

pH 7.8. For the optimum activity of the micro-organisms, ‘the
pH should lie between 5.5 and 7.8°.1

Soil Erosion

Soil erosion is caused principally by rain and wind and, of
course, helped by man. The problem of soil erosion in the hills
has become so serious that unless some effective steps are taken,
soon it will be beyond repair. The reckless destruction of the
forest-trees, shrubs and all kinds of vegetation leads to the loss
of large tracts (f fertile Jand every year during the monsoon. It
has been estimated that soil erosion brings about 13.56 per cent
and 2.12 per cent loss in revenue in the plains and hills respec-
tively. Conservation cf the soil and water can only be accom-
plished through large-scale afforestation in the areas which have
heen denuded of the forest cover. In the hills hordering the
Kathmandu Valley an effective programme for afforestation is being
carried out. In the Kathmandu Valley bssides eucalyptus and
wattle, many indigenous trees, such as chirpine, wild cherry
{Prunus), etc. and exotic plants are being planted. Recently, this
1.  Wrigley, Gordon. 1961. Tropical Agriculture. p. 37.
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programme has been extended to the Trisuli watershed region, to
Bardiya, Panchkhal and many other parts of the country. It has
become necessary to carry out the afforestation programme in all
the hilly regions of Nepal where there is acute shortage of both
fodder and firewood. The river valley projects, which have
become an intrinsic part of the development programmes in the
developing countries, play an effective role in this matter. They
are essentially meant to prevent floods, to generate hydroelectric
power and for irrigation. Their utility in the matter of conserva-
tion of natural resources, especially those of soil and water, 1s well
recognized. The protection to catchment areas of the major
river systems needs special attention, as already silting has become
troublesome to power generation. Erosion can be prevented
through building of spurs and revetments.

The reasons behind soil erosion are manifold. All the green
cover is subject to constant encroachment from the farmers who
are always looking for firewood, fodder or fibre. Use of cover
crops such as alfalfa, clover, etc. is unknown in these parts and
overgrazing is a common practice throughout the hills. Grass-
lands are burned, a practice which results not only in substantial
decrease in the fertility but also causes widespread floods
down below in the plains. One comes across reports of whole
villages being washed away by flood waters during the monsoon
season.

Landslides in the hill regions of Nepal are as much due to the
misuse of the land by man, as to the general instability of the
‘fractured and displaced rock formation’. Earthquakes, which
are frequent in certain parts of the country, make them more prone
to landslides. Furthermore, in the outer valleys of the Himalayas,
because of steepness of the hillsides, the erosive forces are much
more at work than elsewhere.

The frequent occurrence of famine in certain parts of the coun
try is often due to the scarcity of rainfall, a phenomenon which
is related to the vegetational cover. Very high rainfall on the
southern flank of the Mahabharat range causes soil erosion be-
cause the soil is quite unstable. In these regions the process of
weathering and tearing is going on which is of course being
helped by man. In parts of the country, however, where grazing
is done during part of the year only, the soil remains in good con-
dition. The Sherpas of Solo Khumbu have developed an efficient
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system of soil conservation through seasonal grazing, crop rotation.
and shifting cultivation.

The situation can best be summed up as follows: ‘Nepalese
farmers have exhausted the soils by continuous grazing and cultiva-
tion and as a consequence have subjected it to accelerated erosion.
It seems that farmers have done everything possible to speed up the
impoverishment of their productive lands by clearing the natural
vegetation, by ploughing hill sides usually straight up and down,
by overburdening the range lands, and by planting the fields with
the same crop year after year.’!

Afforestation of Watersheds

Afforestation can only partially bring about erosion control.
For erosion control, torrent or river control becomes essential.
The trees which are most suitable for afforestation are those of
pine and alder (Alnus). In the Trisuli Watershed, a number of
plants were tried for preventing erosion and torrent control: two
species of Salix (S. tetrasperma, S. wallichiana), Alnus nepalensis and
Viburnum spp ; the last two plants being not liked by goat and
sheep. Of these, Alnus nepalensis was found to be the most suitahle
for controlling soil erosion along the channels and in places where
heavy landslides occur.

In the hills ‘much of the erosion is caused as much by poor
irrigation practices as by irrigation of geologically unsuitable areas
and by terraces sloping not to the next river bed but to some other
place without an established run off channel’.?

The geology of a country has an important role to play in the
process of erosion. In Nepal this has much relevance, as point-
ed out by Tautscher:

‘Many of the flat areas used for agriculture on otherwise very
steep slopes are cauvsed by geological faults in which the for-
mations are strongly shattered along the fault plane and so
are highly permeable for water. Irrigation of the steep slopes
greases not only the fault plane itself, but also penetrates hetween
rock layers and reduces the friction between them very much,

1. Thapa, B. 1964. ‘Report of the Soil Scction’.  Nepal Agricultural Con-
ference 11, p. 2.

2. Tautscher, O. G. 1968. Surveys and Demonstration for the Management and
Development of the Trisuli Watershed. Project Report no. 13. UNDP/HMG.



SOILS 29

so causing erosion of sometimes geological dimensions. But even
without geological faults, dipping and striking of geological
formation often favour erosion enough to make leakage of an irriga-
tion canal put big landslides into motion.™

In the Trisuli watershed region, where the Survey-Demonstra-
tion project was carried out, it was found that ‘large erosions and
-deeply cut in torrents have washed down big areas of newly cultiva-
ted land and so increased the gravel and silt load of the rivers
several times’.2 This increased load exceeds the transport
capacity of the river and its tributaries, causing floods, which then
bury fertile tracts under silt.

1. Tautscher, O. G. Op. cit. p. 30,
2. Ibid.



Chaj:ter IV.

Geology

Historical

Pracdhan! has dealt at some length with the history of geologi-
cal studies in the country. In the past these were carried out
with a view to discover mineral deposits and naturally the emphasis
was on the study of rocks. Detailed field mapping has just begun.

The first scientific observations about the geology of Nepal
were first carried out by Hooker when he visited eastern Nepal
in 1848. ‘From 1875 onwards, a number of geologists visited
the kingdom on different assignments in association with the
Geological Survey of India. Bowman, Auden, Ghosh, Heim and
Gansser in the 1930’s made considerable contribution in the field
of geology in Nepal.” The Nepal Bureau of Mines was establi-
shed in 1941 and in 1967 the Geological Survey came into existence.
In the past two decades, several studies, both by foreigners as well
as by Nepalese geologists, have been carried out. These have
resulted in innumerable reports, a large number of these being
of a preliminary nature.

There is a difference of opinion among geologists about occur-
rence of minerals in sizable amounts in Nepal. The classical
‘Nappe theory’ as propounded by the Swiss school sees remote
possibilities of finding vast deposits of minerals. The ‘Block
theory’ which has been proposed by the Japanese geologists is
more optimistic in this respect, as the latter say inter alia:
¢....It must be said that in the Himalayan region, the essen-

1. Pradhan, Biswa M. 1974. The Status of Geology in Nepal and its Appraisal.
Proc. Natural Science Seminar, T. U. Kirtipur.
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tial problem is whether or not these high mountains were deriv-
ed directly from the Tethys sedimentary basin and never influ~
enced by other factors such as younger block movements or pluto-
nism. Classical nappe theory postulates a priori for the idea of
folding movements generated by a contraction of the crust, but
our data suggest that this basic idea is very questionable in the:
Himalayas.?

It is thus obvious that the concept of nappes in Nepal, propos-
ed by Toni Hagen, is now disputed, ptincipally on account of’
lack of stratigraphical work.

Hagen carried out his field work for a period of eight years.
(1950-58) covering the country with numerous traverses.

His views have been summarized thus: ‘The main range of
Himalayas is formed by the roots of the big nappes. The back-
bone of the nappes corresponds with the midlands, while the front
parts of the nappes correspond with the Mahabharat Range from
the western end to the eastern end of the country. The Siwaliks.
in the southern part of the country are the detritus formed from
the rising Himalayas brought down by the rivers.” About 'the
economic possibilities of the mineral deposits in Nepal, Hagen
does not seem to he very optimistic, as is evident from these remark:

‘Given the extremely complicated nappe structure, the lack of"
massive magnetic intrusions into undisturbed rock formations,
especially into sediments, and, last but not least, the total lack
of a transport system, Nepal in general cannot be considered to-
be rich in mineral resources as had been the general view so far
...there is, however,one resource that shows favourable prospects
—petroleum.’

The painstaking work of Talalov has, however, brightened
the picture. He has studied the magnetism, metamorphism and
the tectonics of Nepal Himalayas. His reports have indicated
‘hitherto unknown minerals like tantaloniobate, rare metal
mineralization, tin, tungsten, molybdenum, bismuth, tellurium
and lithium based on his spectrum analysis of his systematically
collected specimens.’

Talalov says: ‘It is beyond doubt that under proper execution.
of prospecting and evaluation works, large deposits will be dis-
covered in the country and Nepal will become in future a major
supplier of tentalum-niobium and rare metal ores.’

1. Pradhan, B. M, 0Op. cit.
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Fossils

In the Nepal Himalayas very large number of rock groups have
‘been identified; the rocks found in the Tibetan Plains are much
-older — Paleozoic and Mesozoic; fossiliferous marine beds helong-
ing to Cambrian have also been found.

Itihara et.al' have divided Nepal Himalayas geologically into
three zones: upper, middle and lower. This they call as ‘tri-
partite sequence’. Significantly, Itihara and his group did not
find any fossils in the Siwaliks.

The Siwaliks are one of the World’s important sources of the
later Tertiary fossil mammals and provide basis for much of our
present knowledge of the evolution of Asian fauna and, especially,
for the fossil primates.2

The Siwalik fauna has been a very rich one in the past, a fact
which is confirmed by the discovery of fossils of elephants and
elephant-like creatures. In the fossil remains, ‘bones of many
species of giraffes, hippopotami, rhinoceros, horses, camels, ante-
lopes, hyaenas, buffaloes, ostrich like birds, crocodiles, tortoises
and apes have been discovered’.?

In the Terai, near Janakpur, a molar jaw of a hippopotamus
has been found and in the Kathmandu Valley that of Stegodon
gonesa from Hikum dol.*

In the rocks south of Kathmandu are found number of fossils
— grey slates with Brachiopods, haematite with Trilobite and grey
shale quartzite with amphibian. In the far west at Tinker-Liphu
lekh area no limestone ammonites are found. ‘Fresh water gastro-
pods of cretaceous age are also found in the Mahabharat range —
from Karnali to Narayani.’

In South-eastern Nepal — at Ranikhola carbonized tree trunks
and thick carbonaceous shales have been found.

Geological Origin of the Himalayas
The Himalayas are comparatively young mountains. It is said
that they arose from the hed of the sea some 60 million years ago

1. Itihara, Minoru, Tatsuo Sibasaki and Noboru Miyamoto. 1972. Phots-
geological Survey of the Siwalik Ranges and the Terai Plain, South-Eastern Nepal. Jour.
Geosciences, Osaka University. 15 (4 ) : 77-98,

2 Ibid. p. 67.
3. Randhawa, M. S. Agriculture and Animal Husbandry in India. p. 19,

4 Sharma, C. K. 1973. Geology of Nepal. Kathmandu.
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during eocene-oligocene times and it took six ‘or seven million
years for theni to attain the present height. In the course of the
earth’s history, the region now occupied by the Himalayas was a
vast expanse of water — the sea of Tethys, which was an extension
of the present Mediterranean sea. Towards the northern side
of this sea was the Siberian shield, towards the east the Chinese
tableland, and towards south, the Indian tableland of today.
Gradually the bed of the sea began to be filled in with stones, soil,
sand, etc. which in due course turned into a sedimentary rock.
During the passage of time, the Siberian shield and the Chinese
tableland approached each other with the result that the sedimen-
tary rocks of the Sea of Tethys with the help of the Indian table-
land began to fold and rise up. As the Himalayas rose from the
bed of Tethys, an event which took place in the middle eocene,
the sea itself began to disappear. The Himalayas which are the
highest, yet the youngest mountains in the world, are still rising
because the forces which led to their uplift from the sea are still
at work. The discovery of mesozoic ammonite fossils in Manang
and micro-fossils of small marine animals in the tertiary deposits
near Dang substantiate the previous statements. Shaligrams so
much revered by the Hindus are Jurassic and Triassic fossils from
the Muktinath area. According to the ‘Continental drift theory’
which was first proposed by Alfred Wagner ‘the continents are, as
it were, immense land masses floating on the viscous hot
interior of the earth’, and ‘when continents collide a chain of moun-
tains arise: at the line of juncture’. The origin of the Nepal
Himalayas may also be looked at against this background.

As a result of the collision of the two continents in the meso-
zoic era the Tibetan marginal mountains were the first to appear,
the juncture of the north Asian and southern continents seems
to lie at 4,876 m on Nepal-Tibet border. The rivers that originated
in these mountains flowed Dboth towards the north and towards
the south. But a second °‘thrust’ led to the formation of ‘old
original Himalayas’ and ‘hecause of the steeper gradients towards
the south, and the precipitation, the rivers cut a more southern
direction and led to the development of transverse river systems’.1

The upliftment of the Himalayas was accompanied with the
downward cutting by the rivers which possessed an increased
erosive power because of the steep gradient. In central Nepal

1. Hagen, Toni. 1960. Op. cit. p. 50.
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one finds steep gorges, such as that of Kali Gandaki river, which
now flows at 1,828 m, while the peaks of Dhaulagiri and Anna-
purna on either side rise over 6,096 m. The view that the rivers
existed before the Himalayas is often disputed, and geologists
hold the view that the steep gorges are the result of ‘cutting back’
or ‘a headward erosion process’, which allows these rivers to push
their way towards the north.

Another theory is that the rivers were there before the Himalayas
appeared on the scene and as the latter rose higher, the rivers
went on cutting down their beds which allowed them to maintain
their passages through the mountains.

Mineral Resources

Three main geologic zones are generally recognised in Nepal.
These are alluvial plains, middle region and snow-capped Himalayas.
In the tropical plains and foothills sediments were deposited during
mountain building of congiomerates, sandstone, shales, and minor
marine limestones. Minerals in these parts include placer gold,
and probably petroleum and natural gas.

‘The middle region,” which is the region of the Mahabharat
was ‘carved out of palaeozoic sediments of phyllite and mica-
ceous quartzite.’! Subsidiary rock types include dolomite, a kind
of limestone with high content of magnesium, carbonaceous shale
and slate, granite and iron formations. The majority of the
mineral deposits found in this zone are: copper, lead, zinc,
iron, cobalt, nickel, talc, ocher, slates, etc. ‘The high snowcap-
ped Himalayas which rise abruptly above the middle ground to
attain heights of more than 8,000 metres (Sagarmatha or Everest)
is built of a thick sequence of mesozoic sediments in the eastern
sector of the country. Only a few small deposits of mica, lead,
zinc and iron have been found in this zone so far.’?

“Two types of granitic intrusions are occupying large areas of
western and north-eastern Nepal. They yield deposits of mica,
and clay but seem to contain few hydrothermal deposits, although
they may possibly be related to such deposits in the rocks which
they intrude.’®

Until the turn of this century, the country seemed to Dhe self-

1. Malla, P. B. 1964. Mineral and Underground Resources in Nepal.

2. Ibid. pp. 8-10.
3. Ibid.
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sufficient with regard to the requirement of metals useful in agri-
culture and in the household. Nepalese artisans achieved distinc-
tion in metalcraft, especially in bronze and copper. There existed
a number of mines in the country, some of which are still in pro-
duction. A difficult terrain and the absence of a good transporta-
tion network has, however, hampered large-scale exploitation of
the mineral rescurces of the country. It is reported that ‘several
minerals could be exploited to cover the internal demand and
export as well’.1 A short description of some of the more important
minerals found in the country is given below.

Nickel : Nickel (Nias) has been found in Khokling (Dhankuta-
Taplejung ), Khore Pani (East No. 2), Nampha (East No. 1),
etc. Cobalt as well as nickel occur in association with copper.

Cobalt : The ore occurs mostly as cobaltite (CoAs; Sx). A
good amount of this useful metal is known to occur in Palpa
district (Samar-Bhamar).

Gold : ‘Placer gold has been reported from several places in the
Terai rivers and tributaries of the Gandaki and Karnali
rivers.’? A little panning is done in these rivers but the
amount is too small to warrant any commercial undertaking.
Alluvial gold has also been reported from such places as Kholpu
Khola (West No. 1), Mustang, Barbung Khola, Sun Kosi
and Chaurnikhola.

Mica : The most important ore of mica is Muscovite. Large
deposits of mica occur in Chainpur, Bhojpur, Langtang, Baj-
hang and Sindhuli gadi. The pegmatite veins contain mica
as well as aquamarine and coloured tourmaline. A part of
the Nepalese mica finds its way into foreign markets.

Slate : Good deposits of slate have been discovered in Bandipur.
Galkote in Baglung district is well known for its slate mines.
In the hilly parts of the country, especially in the west, slate
is much used for roofing. There are good possibilities for
large-scale mining of slate in the country.

Limestone : Limestone is present as calcium carbonate (CaCo,).
Large deposits of limestone are known to occur in the Maha-
bharat and Churiya ranges. It is a useful material for agricul-
ture and with the establishment of sugar and leather factories

1. Khanij Parichaya (Introduction to Minerals). 1962.
2. Bureau of Mines.
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and in the future of pulp, paper and cement manufacture,
production of limestone will be greatly augmented. ‘Lime-
stone of different ages like Ordovician, Silurian-Devonian to
Jurassic and Triassic have been found.” Good quality marble
is found in Phulchoki. All the marble that one sees in the
palaces of Kathmandu has come from the Phulchoki mine. A
cement factory near Kathmandu (Chobar) with an annual
production capacity of approximately 60 tonnes a day has now
gone into production. It will use the limestone deposits of
Chobar hill, a thing which, besides destroying the natural
beauty of the area, will create pollution problems.

Talc : Talc is found as talc or soapstone (H,Mg,, 45i0,, H,O).

Talc deposits have been found in Khari Dhunga (East No. 2),
Baglung, and in small amounts in many other parts of the
country.

Coal : Ligaite Coal, Peat and lignite have been found in the dis-

tricts of Kailali, Sindhuligadi, Palhi (Tamaspur), Dang,
Sallyan, Chitwan (Narayangadh), Morang (Barahchhetra),
Muktinath, and Kanchanpur. Peat is found in the Kath-
mandu Valley but it is of poor quality, so it is used in brick
kilns. Peat deposits have also been reported from other parts
of the country — Baglung, Musikot and Karnali. The quality
of coal so far found in the country is said to bhe poor; coal
mining is practically non-existent. The coal deposits in Dang,
laid in eocene under marine conditions, contain micro-fossils.
The quality of coal, again, is rather poor.?

Phosphorus : Phosphate ore deposits are reported in Dharan and

Barahchhetra : ‘Traces of Phosphate are noticed in Eocene

shales.”

Iron : Iron ore occurs in Nepal in the form of Haematite (Fe,O,)

and limonite (2Fe,O,, 3H,0). It has been found in the
districts of Bajhang, East No. 2 (Those), (the mine is still in
operation), Phulchoki (Kathmandu), Piuthan (Bajin village)
and West No. 3 (Bandipur). In the Kathmandu Valley, ‘it
is found in the Cambrian of the Nuwakot nappe’. In Phul-
choki — a place nearly eight miles east-west of Kathmandu —
fossiliferrous iron ore is found. In Chitwan along Lothar
Khola, rich iron deposits have been found.

1. Sharma, C. K. 1973. 0p. ct.

2. Rimal, D. N. 1967. Op. cit. p. 5.
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The Phulchoki iron ore deposits have been estimated to be
around 10 million tonnes, while those in Those and Bandipur
are known to exceed 8.4 million and 10 million tonnes respecs
tively.

Copper : Copper ore occurs as bornite (Cu 5FeSO,), Chalco
pyrite (Cu FeSO,), and as pure Cu. Copper veins have
been found in Chisapani gadi, Baglung, Galkot, Garsing,
Chobar, East No. 1 (Jugedi), and East No. 4 (Ditang Kahri),
as well as in the districts of Dhankuta, Illam and Baitadi
(Marma). In Bandipur 0.4 per cent of copper in the copper-
cobalt ore has been found. Some copper deposits have been
noted in granite gneiss as well, some of which contain a little
gold, silver, nickel and cobalt also.

Lead : This is mostly present as sulphate of lead (PbS). It has
been found in Galkote (Baglung), Phulchoki (Kathmandu
Valley) and Major Khola (West No. 1). Lead as well as
zinc ores are the ‘results of quartz veins and pegmatite in-
trusions’.

Zinc : Zinc is present mostly as zinc sulphide (ZnS). Prelimi-
nary investigations have confirmed the occurrence of this metal
in Phulchoki and Tipling (West No. 1). From Ganesh
Himal upto Rapti valley lead and zinc mineralizations
occur in carbonate formations, apparently, near granite
intrusions. '

Magnesium : Magnesite deposits (native magnesium carbonate)
at Kharidunga are known to be rich. Present estimates are
400 million tonnes of high grade ore. This compound has
found use in iron and cement industries as well as in the manu-
facture of chemical fertilizers.

Gypsum : Gypsum is found in nature as hydrous calcium sul-
phate (CaSO, 2H,0O). It is used in the manufacture of
cement, plaster of paris, ceramics, paper, disinfectants etc.
In Nepal it is found in the districts of Dang and Sallyan.

Sulphur : In the volcanic regions sulphur is found in pure elemen-
tal form. In Nepal it is found as galena or sulphide of lead
(PbS) and Pyrite. It has been found in Gosainkund (West
No. 1}, Chisapani gadi, and Jumla.

China Clay : The clay is known as kaolin (2AL,0,, 4Si,0,
4H,0). It is used in the manufacture of porcelain. It has
been found in Jitpur Phedi.
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Beryl : Beryl is silicate of berylium and aluminium (Be, Al,
(8i0Oy4) 6). It has been found in Tame (West No. 1), Bhojpur
and Hedang (Chainpur).

Graphite : This mineral is soft and has a black metallic lustre.
It is all carbon and is used in the manufacture of pencils,
crucibles, lubricants and electric furnaces. In Nepal it has
been found in Illam district.

Salt : Common salt (NaCl) is found in Kunchha District (West
No. 3) in a belt of 10-15 mile radius.

Petroleum and Natural gas : Inthe Kathmandu Valley, natural
gas (Methane) has been struck at few places. It is report-
ed to contain 91 per cent methane ard 5 per cent CO,. In
Muktinath (West No. 1), a place of pilgrimage in the
Central Himalayas, travellers have reported a 1.5 m to
1.8 m high ‘eternal flame’, which obviously is due to
presence of natural gas in the soil. Gas seepage has bheen
reported at Sagure (Dang) and Padukasthan (Dailekh).
‘Parts of the zone of the southern flank of the Himalayas,’
according to Malla, ‘belong to the same system of upheavals
as the great Iranian oil belt. The cretaceous formations
occur in the Nepalese part of the Tibetan plateau and
are limited to the upper parts of the Kali Gandaki valley, the
Langu valley and the area north-west of Saipal. Eocene for-
mations have been found in the above three areas, and in
Muktinath which is proved by a sufficient number of fossils.
Here the Eocene formations transgress over strata of various
ages from Devonian to upper Cretaceous. In the Langu
valley too, Eccene formations are probable.’?

Exploration for oil has been carried out in the vicinity of
Muktinath (altitude ca 3,657 m), Dailekh and in some parts
of the Terai. In case of the first two, preliminary investiga-
tions have shown the ‘presence of gas and crude oil (diesel
oil)’.2 The gas is mostly methane. ‘As there are igneous
rocks over the sedimentary rocks with enough evidence of
marine life of comparatively recent-cenozoic era in them, and
these ranges extend from Dailekh to Muktinath, indications
are that oil in sufficient quantity may he found in this area.’
1. Malla, P. B. 1964, Op. cit. p. 9.

2. Sharma, Chandra Kant. 1964. ‘Possibilities for Petrol in Nepal and its
Investigation.” Gorkha Patra. October 10, 1964,
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There is a possibility of striking oil between Koilabas and
Dhangadi. The nummulitic limestones of Dang and adjoining
regions — Deokhuri, Pyuthan and Sallyan have indicated the
possible occurrence of petroleum in this part of the country.
But oil exploration is an expensive, and often futile undertak-
ing which cannot be carried out without outside help.

Water Resources

Next to forest, water or ‘White gold’ is the second most
important resource of Nepal. The country is traversed by a dozen
or more big rivers which run in a north-south direction provid-
ing during their course many natural falls that are ideally suited for
the construction of dams and reservoirs. There has been a shift-
ing of the river courses recently towards the west. While the ex-
tensive river system of Nepal is a boon, they also cause widespread
floods every year during the monsoons. The rivers carry a large
volume of water. Kosi near Barahchhetra has a flow of 500
million cu. metres, Trisuli near Trisuli Bazar, 47 million cu. metres,
and Mahakali, near Banbasa, 210 million cu. metres. The Karnali
river basin which drains an area of 42,890 sq. km at Chisapani
showed a minimum discharge of 263 cu. metres per second and
maximum of 11,400 cu. metres per second during the 1965 period.!
Karnali river takes origin in Mansarovar lake and cuts a gorge at
4,267 m. The Arun river cuts its way past Mount Everest. In
the Himalayas ‘cutting back’ phenomenon is also seen. This occurs
most on the southern side where there is ample rainfall. Most of
the river valleys are ‘V’ shaped. All the rivers in Nepal are tributa-
ries to the Ganges in India.

During the course of history, when these rivers cut through
the great Himalayas, they faced another obstacle — the Mahabharat
Lekh, which was rising in the meantime; this forced the rivers to
change their course eastward or westward rather than straight
south. The rivers which could not be kept within the confines of
the transverse lakes, escaped through the three gaps in the
Mahabharat Lekh — Karnali at Chisapani, Gandaki at Deoghat
and Kosi at Barahchhetra.

1. ‘Compilation of Surfacc Water Records of Nepal through December
31, 1965.” Department of Hydrology, HMG. p. 17.
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River System

“The Himalayas, which run for 2,011 km from Burma to Afghams-
than, very effectively divide the temperate Central Asiatic plateau
from the tropical and sub-tropical south-east Asiatic regions. The
head waters of many Nepal rivers lie behind the mountain chain
of the greater Himalayas.

In Nepal we find the following three distinct watersheds each
of which encloses one-third of the area of Nepal in its basin:

1. Karnali watershed—Humla Karnali, Mugu Kamali, Seti
and Sinja, Thulo and Sano Bheri.

2. Narayani watershed—Seti, Budhi Gandaki, Trlsull, Kali
Gandaki, and Marsyangdi.

3. Sapta Kosi watershed.

The Kosi is made up of seven smaller rivers and hence called
Sapta Kosi; of these the more important ones are: Indravati and
Sun Kosi, Likhu Khola, Dudh Kosi, Tamba Kosi, Arun and Tamur
(Tamor). The watershed between the Tsangpo (Brahmaputra)
river system and the Ganges system is not the main Himalayan
range but Tibetan marginal land which lies north of these
mountains.

Water Drainage

Since the beginning of the last decade, regular hydrological data
is being kept. River and stream gauging stations are located
throughout the country. These have provided. valuable data for
irrigation, flood control and electricity generation. A short account
of the drainage area and discharge of the main river systems of
Nepal is given here:?

Karnali River Basin (at Chisapani)

Drainage area 42,890 sq. km
Average discharge . 1,360 cu. metres/sec
(4 years)

Narayani River
Location: Near Narayangarh

1. ‘Compilation of Surface Water Records of Nepal through December
81, 1965,
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Drainage area , 31,100 sq. km
Average discharge 1,561 cu. metres/sec

Bagmati River ,
Location: 60 m above Sundarijal -
Drainage area 16.0 sq. km
Average discharge 0.951 cu. metres/sec.

Sapta Kosi Basin
Location: North of Chautra at Pachuwa Ghat.

Drainage area 4,920 sq. km

Average discharge 201.4 cu. metres/sec
Chamaliya

Location : Nangaon ( Baitadi )

Drainage area 1,150 sq. km

Average discharge 21 cu. metres/sec
Floods

These occur due to combination of factors: Heavy rainfall in.
the Himalayan region — is the main, but in the flat Terai — silting
of the rivers is also another factor. The obstruction and inade-
quacy of waterways also contribute towards floods.

Kosi has steep bed slopes below the Himalayan foothills; this.
coupled with high flood discharges and heavy silt load causes.
instability of river bed. During the last 30 years, the river has
moved 112 ki cast to west.

Control

Erecting embankment along the side of the rivers and improv--
ing channels, construction of storage reservoirs and multi-purpose
dams are the principal methods. The large quantity of sediments.
swept down by the river reduce the storage capacity of reservoirs,
so dredging of the channels becomes necessary.

Power

The total hydroclectric potential of Nepal is estimated at 83
million Kw hut the present installed capacity does not exceed
40,000 Kw. Power production at Chisapani alone is estimated at
1.8 million Kw, which would be cheapest in the world. The
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Karnali, which forms a huge ‘S’ shaped loop, would be traversed
by two tunnels —each 2.6 km and 5.5. km long and providing
heads of 180 and 110 metres respectively on a main dry season
flow of about 3,000 cu. metres per second. New hydroelectric

power stations are being planned at Devghat, Kulekhani and at
‘Chisapani.

Lakes

There are many glacial, river valley and oxbow lakes in Nepal.
Lakes in the north are mostly of glacial origin. ‘Tectonic lakes are
confined to the midland parts and oxbow lakes occur in the
south in the Terai plain.’

Rara, in Jumla, is the biggest of the lakes and, of course, the
most famous one. Situated at an altitude of 3,048 m in a crater-
like depression, it is 6.5 km long and 1.5 km wide.

Another lake situated higher up (3,657 m) is Phoksumdo, whose
blue greenwaters reflect the 7,010 m high peak of Kanjiroba Himal.
The lake lies in Dolpo district. It is an alpine ‘Y’ shaped lake
surrounded by pine and fir trees. The shore line is 25 km. It
is a deep lake with little aquatic life in it.

Phewa lake is situated in Pokhara valley, the largest of many
lakes there. Itis‘l.5 km long and 400 m wide’.® Itis quite produc-
tive and is well stocked with fish, mostly carps.

1. Sharma, C. K. 1973. Op. cit. p. 19.
2. Ibid.



Chapter V

Vegetation

Vegetation Zones

Climate and soil are the two most important factors which
affect vegetation in any part of the world. Nepal is divided into
five climatic regions, each characterized by its own topography,
climate and vegetation. These are: tropical, sub-tropical, tempe-
rate, sub-alpine and alpine. In the Terai and in Bhabar, the
climate is tropical and sub-tropical, while in the midland, which
is mainly the region of Mahabharat, it is temperate. The inner
and outer Himalayas as well as the Tibetan marginal land has
typical sub-alpine and alpine types of vegetation.

The vegetation of Nepal has been classified by Swan! into
the following seven zones:

TABLE 15

VEGETATION ZONES OF NEPAL

Type Approx. Altitudinal
Range in m
1. Lower monsoon forest 152-1,066
2. Middle monsoon forest 1,066-1,981
3. Upper monsoon forest 1,981-2,590
4. Dcciduous and rhododendron forest 2,590-3,200
5. Conifer and rhododendron forest 3,200-4,114
6. Wet alpinc zone 4,114-5,029
7. Dry alpine zone 4 876-above

1. Swan, L. and Leviton, A. E. 1962. Herpetology of Nepal. Proc. Cal.
Acad : 103-142.
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The altitudinal limits, however, are subject to variation as
there are sharp climatic differences in the eastern and western
parts of Nepal. There are always zones of merging vegetation,
whether one considers it in the vertical or in the horizontal scale.
The lower, middle and upper monsoon forests of Swan have been
designated as tropical deciduous, tropical evergreen, and tropical
mixed broad-leaved forests by Hagen.! The vegetation of west.
Nepal is quite different from that of the east, a combined effect
of such factors as rainfall, temperature, elevation, soil, etc. To
cite one specific example: in western Nepal sal grows up to a
height of mostly 914 m, rhododendron and oak occur mostly bet-
ween 1,524 m-1,981 m. In eastern Nepal, on the other hand,
in the districts of Morang and Jhapa where the rainfall exceeds
3,000 mm in a year, the altitudinal limit of sal is pushed up by 304
m or so. The forests in the western parts are of an open type,
but both in the western and eastern and lowland forests sal is the
dominant species and invariably associated with lateritic soils.
It also grows well in sandy and gravelly soils of sub-Himalayan
tract — the Bhabar. Other tree species found in the eastern Terai
forest are: Adina cordifolia, Terminalia belerica, T. paniculata, Careya
pentagyna, Dillenia pentagyna, Holarrhena antidyssentrica, Eugenia oper-
culata, Bombax malabaricum, Acacia catechu, Michelia champaca, Anogeissus
latifolia, and Dalbergia latifolia. In the Central Terai (Gandaki
circle). sal is again the dominant species where it reaches a height
of 21 m to 27 m. Some other important timber species besides
sal of this part are: Anogeissus latifolia, Dalbergia latifolia, Termina-
lia tomentosa, and Terminalia belerica. Shisham (Dalbergia sisso)
and Khair (Acacia catechu) are the common riverine species. The
valley floor supports such timber trees as: Lagerstroemia parviflora,
Terminalia tomentosa, Terminalia belerica, Michelia champaca, Shorea
robusta, Careya arborea, Dalbergia latifolia, Bombax malabaricum, Adina
cardifolia, Hymenodictyon excelsum aad Schlichera trijuga. Bamboo
and canes are also common.

In the temperate region, an area which consists principally of
the Mahabharat range and inland valleys, the vegetation is clearly
temperate and quite rich. Between 1,828 m to 3,048 m, it con-
sists of mixed hroad-leaved evergreen forests with oak, rhododen-
dron, maple, myrsine, magnolia and laurel as the main tree
components, often mixed with pine, fir, hemlock, cypresses - and

1. Hagen, Toni. 1960. Op. cit. p. 48.
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junipers. In the temperate parts, the commonest tree associates
of Kharsu oak (Quercus semecarpifolia) are in east and central Nepal,
‘Rhododendron arboreum and Pieris ovalifolia, while the ground vegeta-
tion is made of such plants as Anemone, Androsace, Lilium, Gnaphalium,
Erigeron, Primula, Iris, etc. A small pink flowered Daphne (D.
papyracea) along with Mahonia are two small but conspicuous plants
in the Rhododendron-Castanopsis forest. At altitudes of more than
3,048 m, rhododendron, fir (dbies), birch (Betula), hemlcck
{Tsuga) are the commonest trees in east and central Nepal. At
higher altitudes are found grassy meadows which are full of dwarf
rhododendrons (R. nivale) and juniper (JF. communis). Cushions
of Primula, Caragana, Artemisia, Potentilla, Gentiana, Arenaria, Pedi-
cularis, Kabaschia, etc. are common between 4,572 m and 5,029 m.
Isolated plants occur between 5,029 m and 5,334 m, but beyond
this the vegetation is sparse.

Tropical and sub-tropical parts of the country have a long hot
and moist season. Precipitation, which is almost exclusively due
to the south-west monsoon, falls during the months of June, July,
August and September. In parts of Terai, especially in the dis-
tricts of Jhapa and Morang, the monsoon forests have an under-
storey of tree and common ferns (Cyathea, Marattia, Polystichium,
Dryopteris, Athyrium, Pteris (P. cristata and P. longifolia), Lygodium
(L. japonicum), etc. On the tree trunks are found different forms
of club mosses (Lycopodium) and orchids (Coelogyne, Cymbidium,
Bulbophyllum, Dendrobium, Rhynchostylis, etc. ).

Vegetation of the Mahabharat Range

The vegetation of the Mahabharat Lekh is mostly of temperate
type. At altitudes between 1,219 m to 1,828 m, chirpine (Pinus
roxburghii) is found along the inner rim of Mahabharat, but it is
in isolated patches — stunted and not well formed. However,
on the slopes, P. wallichiana is found as a climax forest. It grows
upto a height of 2,590 m in west Nepal as against a maximum of
1,981 m in Central Nepal and 1,676 m in East Nepal.l

On the steep slopes. Maesa macrophylla (mostly scrub), Quercus
lamellosa, Q. dilatata, Q. incana, Acer campbellii, A. oblongum, Aesculus
indicus, Mpyrsine semiserrata, Myrica nagi and Schima wallichii — the
latter is mainly an eastern species and confines itself below 1,524 m

1. Stainton, J. D. A. 1964. ‘Notes on Journeys in East and Central Nepal’.
‘(litho).
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elevation — are common trees. At middle altitudes, i.e. between
1,828 m and 3,657 m which is the main zone of broadleaved tempe-
rate forests in Nepal, Quercus semecarpifolia, Quercus lamellosa, Quercus
incana, Quercus glauca, Castanopsis sp., Symplocos sumuntia, Pyrus pashia,
Salix tetrasperma, Magnolia campbellii, Cedrus deodara (eastern limit
Tibrikot, known range not beyond 83° E), Magnolia campbellii
(westernmost known station at 83° 5’ latitude), Picea morinda, Picea
smithiana, Abies webbiana, Pinus excelsa (P. wallichiana, Pinus chylla),
Cupressus torulosa, Tsuga dumosa, Rhododendron arboreum, Pieris ovali-
JSolia and Lyonia ovalifolia are some of the more common species.
Rhododendron is mostly a northern temperate genus,the great majority
of species are in that part where India, Burma, Tibzt and China
mect the country of the great river Ganges.! From Nepal Himalaya
more than 30 species have been reported. A tree fern, Alsophila,
is quite common between 1,828 m and 2,133 m in Castanopsis-
Schima forest.

The shrubby vegetation is made up of such plants as Berberis
aristata, Berberis nepalensis, Daphne bholua, Mahonia nepalensis, Gaul-
theria fragrantissima, Spiraea vaccinifolia, Rubus paniculatus, Hypericum
patulum, Craetegus crenulata, Maesa macrphylla, Lobelia seguinii (L.
pyramidalis), Cammelia drupifera, Viburnum erubescens, and Rhus walli-
chii and on the dry walls, Lycopodium clavatum and Onychium seliculosum
are quite common. The family Melastomataceae is represented
by Melastoma normale, Osbeckia nepalensis, O. stellata and Oxyspora
paniculata. Epiphytes are the most conspicuous feature of temperate
forests; a few examples are: Peperomia reflexa, Hoya longifolia and
species of Polypodium, Pteris, Stenoloma, Onychium, Oleandra, Hymeno-
phyllum, Usnea, etc.

In western Nepal in Chakhura lekh (altitude 4,572 m) ‘the
vegetation is made up of Tsuga dumosa forest and several shrubs,
e.g. Rhododendron barbatum, Viburnum erubescens and Daphne
bholua var. gracilli.? Mixed vegetation is characteristic of this
part of the country, the region of ‘Blue Mountain’ or Mahabharat.
Spruce ( Picea smithiana), pine (Pinus chylla), fir (Abies spectabilis),
Cedar (Cedrus deodara), hbirch (Betula utilis), maple (Acer camp-
bellir), cherry (Prunus padus), Prunus rufa, beam (Sorbus cuspidata),
elm (Ulmus wallichiana) and alder (Alnus nepalensis) are some of
the common trees. The shrubby vegetation is composed of

1. Good, Ronald. 1953. Op. cit. p. 152,
2. Stainton, J. D. A. 1963. 0p. cit. p. 61.
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Rhododendron arboreum, (an undershrub between 2,438 m to 3,657 m),

R. campanulatum, R. microphylla, R. Brunonii, Cornus capitata, Colqu--
hounia coccinea, and species of Cotoneaster, Phidelphus, Rubus, Lonicera,

Lanthoxylum, Euonymous, Elaeagnus, etc. The herbaceous vegetation

in this part is equally rich; a few examples are: Rumex, Polygonum,

Galium, Viola, Iris, Plantago, Cymbidium, Curcuma, Primula, Commelina -
Potentilla, Ranunculus, Anemone,  Oxalis, Gleichenia, Athyrium,
Nephrolepis, Botrychium, Pteris and Adiantum.

Orchids of the Kathmandu Valley!

In the woods around the Kathmandu Valley are found a
number of orchids — both epiphytic and on the ground. In the-
Kharsu-rhododendron forest are found species of Pleione (P.
hookeriana, which is white flowered, and P. humilis, which bears
funnel shaped long pinkish flowers), Vanda cristata, a common
species, which bears not so attractive flowers and two species of
Gastrochilus — Gastrochilus calceolaris, (whose small flowers are borne
at the base of the leaves) and G. distichus, (having a double row
of smaller leaves on a slender stalk with only few flowers at the top)
are also found here.

Of course, the most magnificent of the orchids of the Valley is
Dendrobium densiflorum, the ‘sun gava’ whose golden yellow flowers
on crowded long stalks are seen hanging from Chilawne trees.
It is a late spring flowering orchid. There are other spe-
cies of the same: Dendrobium moschatum, D. longicornu, a common
epiphytic species with long spurred flowers having an extended
flowering period — from October to November, and D. nobile, a
prized species but found mostly in East Nepal. Two species of
Coelogyne are found in Godavari forest: C. cristata and C. ochracea,
both epiphytic, bearing clusters of white flowers on bulbs. They
flower in late summer and in the early rainy season. Coelogyne
ovalis is an interesting species, for it bears flowers on the same stalk
vear after year. Cymbidium is a common epiphytic species. Cymbi-
dium elegans, which flowers in late October bears pale white fowers
in lax racemes. Rhynchostylis retusa is also epiphytic ; its pinkish
white flowers are arranged in a raceme. It is seen flowering in
late spring on Celtis trees in Kathmandu. There are a number
of ground orchids: Arundina graminifolia, the bamboo orchid,

1. Flora of Phulchoki and Godawari, 1969. Department of Medicinal Plants.
Ministry of Forests. HMG.
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Gymnadenia orchidis, Satyrium nepalense, Spiranthus sinensis, Calanthe
tricarinata, C. plantaginea and C. masuca, all of which are found growing
in the shade of trees or underneath rock.

Of late, Banerji and Thapa! have published serially accounts of
the orchids of Nepal. Their list ‘primarily includes species collected
by the authors’ and ‘supplemented by records made by other
published works and unpublished data of information of Dr.
G. A. C. Herklot’, a person who is credited with making preliminary
plans for the Royal Botanical Garden at Godavari.

Vegetation of Outer & Inner Himalayas, and of Tibetan
Marginal Land

It is the region of sub-alpine and alpire zones. At higher
altitudes water is by far the most limiting factor for the growth of
plants. The annuals which flower during the short spell of warm
weather in the spring are most important elements of the vegeta-
tion along with shrubs.

The steppes which provide rich pasture land between 3,657 m
and 4,267 m, turn into veritable flower gardens in the spring. The
villages lie at an altitude of around 3,657 m. Many of them are
occupied only during summer as there is heavy snowfall during the
winter months. These high altitude villages are known as ‘kharkas’.
The highest settlement is at Dingboche, a village situated at an
altitude of 4,267 m.

In northern Dolpo, which lies in the rainshadow of Dhaulagiri,
Carogana brevifolia, and Lonicera spinosa are dominant shrubs at
altitudes between 3,962 m and 4,876 m. The flora is made up
of Potentilla fructicosa, Lonicera myrtillus, Funiperus squamata, Bergenia
purpurascenes, Pedicularis elwesii, Primula muscoides, Hippiphae rhamnoi-
des and species of Berberis, Spiraea and Salix. The herbaceous vegeta-
tion of the steppes includes Androsace sessiliflora, Incarvillea younghus-
bandii, Erysimum melicentae, Darba areades,” Aphragmus oxycarous,
Physochlaina  praeglta, Nepeta leucophylla, N. calursclens, Scutellaria
prostrata, Calopha nugena, and species of Anaphalis, Artemesia juncus,
Potentilla, Viola, etc. Above 4,876 m cushion plants are common.
These include Potentilla biflora var. lahulensis, Androsace sessiliflora,
A. muscoidea, Arenaria polytrichoides, Tylacospermum rupifragum, and
several species of Kabachia and Saxifraga.

In the eastern Himalayas, distinct shrub zone — truly alpine in

1. Banerji, M. L. and Thapa, B. L. Jour. Bomb. Nat. Hist. Soc. 66, 67, ctc.
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nature — develops above the tree line. Shrubs such as Rhododendron
campanulatum, R. anthopogon, R. setosum, and junipers occur up to
5,181 m. Beyond this is found a zone of cushion and prostrate
plants which extends up to 5,791 m. Himalayan birch (Betula
utilis) is always associated with R. campanulatum in  this
region.

The vegetation of the dry alpine zone is quite different from
that of ‘wet alpine zone’ which gets a fair amount of rain as com-
pared to the former. The averag: height of this dry alpine (arid)
region is around 4,267 m. The vegetation is made up of shrubby
and cushion plants, while trees are conspicuously lacking. In
Central Nepal, howeve:, occasionally poplac ( Populus ciliata)
along with birch (Betula utilis) are found in the divy alpine zone.
Travellers in the Himalayas have fcund vegetation well beyond
the snowline. Stainton! found ‘rocks covered with big cushions
some two feet in diameter with golden flowered Potentilla biflora
var. lahulensis’ at an altitude well beyond the snowline. Between
3,810 m and 4,876 m, such herbaceous plants as Pedicularis, Aconitum,
Thalictrum, Potentilla, Gentiana, Meconopsis, Primula, Saussurea, Lonicera,
Arenaria, and Saxifraga are very common. Some of the species
occurring between 4,572 m and 6,096 m are: Rhododendron
setosum, Funiperus squamata, Ephedra gerardiana, Gentiana venusta,
Primula sikkimensis, Meconopsis horridula, and several kinds of lichens.
In western Nepal (Jumla-Humla districts) near Mohala Bhanjyang
(5,943 m), Polunin? reports the occurrence of Lagotis glauca, Poten-
tilla saundersiana var.Caespitosa, Pedicularis,a root parasite and Arenaria.
Both Leontopodium and. Arenaria have been found at 6,096 m in the
Everest region. Swan,? however, claims to have found an angios-
permic plant Stellaria decumbens, growing at an altitude of 6,492
m, ‘a new record for flowering plant anywhere in the world’.
These altitudinal records, however, being based upon the Survey
of India maps cannot be considered too reliable. To cite orec
example: while Polunin gives altitude of Mohala Bhanjyan: as
5,943 m, Tucci? reads it only 5,029 m.

In Langtanyg two species of Pedicularis (P. sculleyana and P.
megalantha) are found on turf — the former being borne in heads

1. Stainton, J. D. A. 1963. Notes on a Journey in West Ncgal. p. 20.

. Polunin, Nicholas. 1960. Introduction to Plant Geografhy.

2
3. Swan, L. 1961. Ecology of the High Himalayas. Scient'fc American.
4. Tucci, G. 1962. The Discovery of Malla, quotcd by Stainton (1963).

N. H. N.—%
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30 cm high and 15 cm across. These semi-parasitic plants cannot
be cultivated without their hosts.

Timber Line in the Himalayas

In the Himalayas timber line varies from east to west; it rises
considerably higher in the east than in the west. The snowline
moves between 3,657m and 5,486 m, a condition much influenced
by local climatic conditions. According to Swan and Leviton! ‘the
tree line in eastern Nepal reaches a maximum altitude of 4,114 m’.
In central Himalayas, however, it varies between 3,048 m and
3,962 m. In the western Himalayas upper limit of timber line is
generally around 3,048 m, but in the Jumla-Humla district, trees
have been found growing at an altitude of 4,267 m.2 Rhododendron
anthopogon, a dwarf species, and R. barbatum, are common between
2,743 m to 3,657 m and Kharsu oak grows upto about 3,657 m.
In the rainshadow of Dhaulagiri — the hillsides are covered
with Juniperus squamata, Caragana brevifolia and Lonicera rupicola.

The snowline and its approximate equivalent, the plant line,
rises in altitude from polar regions towards the equator. Latitude is
not the only factor that limits the growth of plants. At high alti-
tudes water limits the growth of plants more than anything else.

Plant Succession

Succession of vegetation at 4,572 m in the east Himalayas has
thus been described by Swan3: Flowers may be found in
bloom hetween the first week of April and the end of October,
a period of about 200 days. Small gentians start the parade of
flowers followed by primulas; then fields of polygonum precede
the flowers of dwarf rhodocendrons. New groups of flowers
succeed each other throughout the monsoon months. Summer
primulas and flowers of other moisture loving plants bloom and
disappear before September, only to be followed by a new burst
of flowers in the October sun. Gentians of different species again
lead this shorter annual, and on the edge of the winter, in late
October, flowers such as those of Allardia glabra are still fresh and
attractive to insects. Above 6,096 m flowers of Parrya lanuginosa,
Pegaeophyton scapiflorum, and Gentiana wurnula bloom by May 27;

1. Swan, L. and Leviton, A. 1962. O0p. cit. p. 131,

2. Stainton, J. D. A. 1963, 0p. cit. p. 20.
3. Swan, L. 1963. O0p. cit. p. 23.
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on October 17, the umbeles of Selinum cortioides, and the blue
spurred flowers of Delphinium brunonianum are still intact at 5,486 m.

Forest Types

The forests of Nepal have been dealt with extensively by Stain-

ton from the standpoint of type, species composition and distri-
bution.

Stainton’s Climatic and Vegetational Divisions of Nepal!
I. Terai, bhabar, dun valleys and outer foothills,
II. The Midlands and the southern slopes of the main

Himalayan ranges which lie north of them,
III. The West Midlands,

1V. The East Midlands,
V. The Central Midlands,
VI. Country to the South of Annapurna and Himal Chuli,
VII. Dry River Valleys,
VIII. The Arid Zone.

Stainton’s Forest Types in some respects follow Champion’s
Classification, but are otherwise based on his own knowledge of
the forest vegetation of Nepal. His Forest Types are:

Tropical and Sub-tropical
sal forest
Tropical Deciduous riverain forest
Tropical evergreen forest
Sub-tropical evergreen forest
Terminalia forest
Dalbergia sisso-Acacia catechu forest
Sub-tropical deciduous hill forest
Schima-Castanopsis forest
Sub-tropical semi-evergreen hill forest *
Pinus roxburghii forest
Temperate and Alpine Broadleaved forest

Quercus incana-Quercus lanuginosa forest
Quercus dilatata forest

Quercus semecdrpifolia forest

Castanopsts tribuloides-Castanopsis hystrix forest
1. Stainton, J. D. A. 1972. Op. cit. p. 57.
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Quercus lemellosa forest
Lithocarpus pachyphylla forest
Aesculus-Juglans-Acer forest

Lower temperate mixed broadleaved forest
Upper temperate mixed broadleaved forest
Rhododendron forest
Betula utilis forest

Temperate and Alpine conifer
Abies spectabilis
Tsuga dumosa
Pinus excelsa
Pinus smithiana
Abies pindrow
Cedrus deodara
Cupressus torulosa
Larix forest

Minor Temperate Alpine Associations
Alnus woods
Populus ciliata
Hippophae scrub

Moist Alpine scrub

Dry Alpine scrub
Juniperus wallichiana

Distribution of Forest

The Central Midland forests show little or no resemblance with
the west Midland forests, which show similarity with those of
Kumaon. The east Midland forest, on the other hand, resem-
bles that of Sikkim.! The Sikkimese elements, however, fall
rapidly between Arun and Dudhkosi. ‘The meeting of these
different types of forest on the Central Midlands is complicated
by the fact that the Pokhara area is exceptionally wet, but ignor-
ing this point for the moment one can say that in most parts of
the Central Midlands, the Western forest types are usually present
on the south faces and the eastern forest types on the north
faces.’

1. Stainton, J. D. A. 1972. 0p. cit. p. 29
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Nagarjun Forest
This forest forming the north-west boundary of the Kathmandu

Valley has four forest types!:

Schima wallichit forest
Dry oak forest

Mixed Broadleaved forest
Chirpine forest

-

Schima wallichii covers most part of the hill, while mixed broad-
leaved forest is found in the north facing slopes.

Dry oak forest is found on the southern or western slopes near
the ridge in higher places. Pine forests occupy the drier southern
slopes of the hill.

In the Schima wallichii forest, the shrub layer is made up of
Mackhilus dutheii, Phoebe lanceolata, Quercus spicata, etc. In humid
places Juglans regia is found. Mpyrsine semiserrata is frequently
seen in shrub layers. Both Rhododendron arboreum and Castanopsis
indica are found in this type of forest. Other shrubby vegetation
is made up of : Carex longipes, Capillipedium assimile, Elatostema
sessilifolia, Litsea pulcherrima, Daphne bholua, Ligustrum nepalense and
Mahonia napanlensis.

In the Dry oak forest, the herbaceous flora is composed of
Strobilanthes atropurpureans, Youngia japonica, Carex longipes, Smilax
aspera, Athyrium macrocarpum, Dryopleris sparsa, Onychium lucidum,
Polystichum aculeatum, P. quadriaurita, Seleginella biformis, Gentiana
capitata, Galium asperifolium, etc.

Rhododendrons

In Nepal, a total of 34 species of rhododendrons are found.
The centre of dispersion lies in the mountains of South-China and
thc number decreases as one goes west. In Sikkim, there are 84
species. Of the 34 species in Nepal, 5 are in the west Himalayas, i.e.
R. arborenm, R. barbatum, R. campanulatum, R. lepidotum, and R.
anthopogon. Numerous arborescent rhododendrons replace fir in
the lower sub-alpine level of Eastern Nepal, one of the most com-
mon being R. hodgsonii, which is found growing in podzolic soil.

I. Kanai, Hiroo and Sakya, Puspa Ratna. 1973. Vegetationa' Survey of Nagarjun

Forest. In Flora of Nagarjun. Depart. Medicinal Plants, Ministry of Forests,
HMG.
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R. dalhousige is an epiphytic species. In the Trans-Himalayan
Valleys, such as Langtang, the most common species are Rhodo-
dendron setosum, R. anthopogon, both dwarf. R. nivale at about 4,572
m is the species which grows in morainic valleys. It is the upper
limit for any rhododendron. Occasionally, a few firs become
mixed with maples and rhododendrons.

Forest Distribution

The Terai forests are economically more important than the
hill forests as the former are more easily accessible. The commer-
cial forests of Terai have been differentiated into: (&) sal forest ;
(b) Terai Hardwood and Khair—Sisso.t ‘

The annual floods which bring boulders, sand and silt in the
Terai, while destroying some forests, also create conditions for
the establishment of others. Khair and Sisso establish themselves
principally in such a habitat of fresh silt.

Forests of Terai, as elsewhere, are conditioned by such ecolo-
gical factors as rainfall, temperature, slope, exposure, soil and
drainage. In the Churiya hills mainly dry type of forests — chir
pine and sal are found, while in the recently formed alluvium,
deciduous riverain forests are found. In Nepal, according to Stain-
ton, ‘true Tropical evergreen forests are rather rare and these are
confined to moist situations’.?

The Terai forests and adjoining areas were surveyed in 1964,
on the basis of which 3.1 million hectares of land was estimated
to be under forests. The land use categorization was estimated
as follows:

TABLE 16

Land Use Class Per cent
Commercial forest 39.5
Non-commercial forest 13.1
Cropland 38.9
Water 4.7
Grassland 2.7
Other 1.1

Total 100.00

I. Forest Statisticsfor the Terai and Adjoining Regions 1967. Forest Resources
Survey, Ministry of Forests.
2. Stainton, J. D. A. 1972. Op. cit.
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This picture has undergone much change in the last decade as
a result of wide-scale forest encroachment. A recent study (June-
July 1974} carried out by the Forest Resources Survey on the
basis of satellite pictures available showed that the area under
forest has now shrunk to 26.6 per cent as against almost 40 per
cent ten years ago.!

e Land without forest
(73.4%) 14,96,917

hectares

Healthy forest
(22.29%,) 453,397
hectares

Encroached forest
(2.7%) 54,770
hectares

Rough and wunpro-
ductive forest(1.6%))
33,437 hectares

Land Use in Terai and Bhabar.
Source : Forest Resourccs Survey.
TABLE 17

TerRAI AND BaaBar Lanp Use
(in hectares)

Forest Rugged Encroached Non-forest Total
Forest Forest
Total 453,397 33,437 54,770 1,496,917 2,038,521
Per cent 22.2 1.6 2.7 73.4 99.9

Shrinkage of Forest Cover

According to the statistics which are now 10 years old, forest
coverage is lowest in the eastern part of the Terai (32.5 per cent)
(Biratnagar Division) and increasing towards west (75.4 per cent)
in Dang.

In Terai proper, less than 3 per cent of the land is now under
forest and this is also shrinking. More than two centuries ago,

1. Bhatt, Dibya Deo. 1975. ‘Nepal Ka Jangal,” ( Forests of Nepal ). Swatantra
Biswa.
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Father Marc had to walk for three days through extensive gcass-
lands before he entered forest at Parsa. In 1907, when J. H.
Burkill visited Kathmandu he found no change in the situation,
but now it has altered beyond recogaition.

Due to enormous population pressure, loss in productivity of
land, soil erosion and poor management, the hill sides between
1,300 and 2,600 m have practically been denuded of forests.
What remains is only a scrub forest, which never gets a
chance to regenerate as the trees are heavily lopped for fodder.
In the hills, in place of forest one finds only thorny bushes of
Berberis, Cotoneaster, Ribes, etc. Man, in his search for a niche,
has come to occupy habitats which he never dared to tread before.

The eradication of malaria — largely due to extensive use of
DDT, a product which has been banned in several countries —
encouraged migration of the hill people to the forested parts of
the Terai and inner Terai. The unprecedented floods of 1954 were
the stariing point for wide-scale resettlement of the hill people in
the Rapti Valley. This set in motion process of destruction of
forests and its wildlife. Natural ecosystems have given way to
man-made ecosystems and in this struggle between man and nature,
though man triumphs, his victory is short lived; for, in several
parts malaria has already staged a comz=-back and productivity is
on the decline.

One has to visit these encroached forests to appreciate the
magnitude of the problem. There is something primeval about
the process, a few lianas are removed with a khukri, the ground
is scraped and seeds broadcast. For shelter the immigrants have
an easy access to timber, bush and straw. Deer that come to
nibble the emerging seedlings are done to death — usually in a trap.
The area under occupation by each household looks higzer at each
visit.

Hill Forests

The hill region, for the sake of the forest statistics, comprises
‘the Mahabharat Range, the Midland Zone which includes areas
hetween the Mahabharat and the Himalayas proper, the Himalayas
and the Inner Himalayan Valleys’.!

According to the information hased upon the data collected in
1963-6%, ‘the total area under hill forest is 8.8 million acres’,

I. Forest Statistics of Hill Region. Forcst Resources Survey. 1973,
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and from the standpoint of land use, ‘27 per ceat of the land
is crop-land and 58 per cent is forest’, and ‘only 34 per cent
is commercial forest’. Adverse topozcaphy, poor soil, severe
climate or steep slopss cver 100 pzr cent have precluded utiliza-
tion of all the availab'e forest resources in the hilly region of the
country. The main forests found in the hills ave: sal, Terat
Hardwood, Lower Mixed-Hardwood, Chir pine, Upper Mixed
Hardwood, Blue pine, oak, fir, hemlock, etc. Other important
trees of the hill forest are: champ (Michelia champaca), walnut,
chestnut, maple, magnolia, etc.

The forests coverage varies from 54.7 pzr cent in the Eastern
Zone to 60.2 per cent in the Central Zone. Crop land is 14.1
per cent in the west and 36.2 per cent in the east. In the
Western Zone 17.8 per cent of its land is under grass which
is more than under agriculture (14.2 per cent); in the Central and
Eastern Zones, grass occupies 5.1 per cent and 5.5 per cent
respectively. The FEastern Zone has the highest percentage
under crop (36.2 per cent), as compared to the Central Zone
(30.3 per cent).

The percentage of commercially exploitable forests in the
three zones is more or less the same, varying from 33.8 per
cent in the Central to 35.3 per cent in the Western Zone.

Nearly a third of the coniferous forests in the west are those
of chir pine — ‘covering 149000 hectares of commercial forest
land constituting 32.6 per cent, and this:is the largest area
covered by an individual forest type in all the three zones’.

Next is oak, which covers 14.1 per cent of the total forest.
Hemlock, which occupies 1.8 per cent of the total forest area, is
mostly found in the Eastern zone.

Species Association

In the lower slopes mixed hardwoods comprise 21.50 per cent
of the total. Chir pine and sal are common associates, especially
on the southern slopes of the Churiya range, while at higher
altitudes fir is associated with oak and birch. Hemlock is as-
sociated with hoth oak and conifer. The hardwood species found
in the hill region are: Karma (Adina cordifolia), Tooni (Cedrela toona),
Champ (Michelia champaca), ulis(Alnus nepalensis), Okhar (Juglans regia),
Sisoo (Dalbergia sisoo), Gamhari (Gmelina arborea), Kimu (Murus alba),
Tikul or Phaldu (Mitragyna parvifiora), Bahera (Terminalia belerica),
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Siris (Albizzia sp.), Banjhi (Anogeissus latifolia), Katus (Castanopsis sp.),
Jamun (Syzygium cumini), Bot dhairo (Lagerstroemia parviflora), Chilawne
(Schima wallichii), Kusum (Schlishera trijuga), Maple (Acer sp.), Kharsu
(Quercus semecarpifolia), Banjh (Quercus sp.), etc.

Phyto-geographic Regions of Nepal

‘Nepal is a meeting place of the eastern and the western
Himalayan flora.’! It lies at the cross-road of South-East Asian,
Mediterranean, Chinese and Japanese faunal and floristic elements.
Hooker? divided the Himalayas into eastern and western phyto-
geographic regions. His western region covered the regions from
Chitral to Kumaon and eastern region from Sikkim in the east
to Mishmi hill in Upper Assam. Hooker’s contention of regard-
ing the whole of Nepal as one phyto-geographical unit is no
longer tenable. Chatterjee? has divided the entire Himalayan
region from Burma to Afghanistan into three distinct floristic
zones. He divides Nepal into two distinct zones, i.e. the central
and eastern Himalayan zones and the third zone is what
roughly comprises the western Himalayas. On the basis of the
information now available, it is more accurate to divide Nepal
into three phyto-geographical zones rather that into only one or
two Himalayan botanical provinces as Hooker or Chatterjee
has suggested. Each of these three zones are more or less
delimited by distinct watersheds:

1. Eastern Zone — Mechi river in the east to Arun river
in the west. Annual rainfall 1,270 mm to 2,032 mm or
more.

2. Central Zoie — Arun river in the east to Gandaki river in
the west. Annual rainfall 1,270 mm to 2,032 mm.

3. Western Zone — Mahakali river in the west to Gandaki.
Annual rainfall 762 mm to 1,270 mm.

The above boundaries are somewhat arbitrary, as both hori-
zontally and longitudinally transition zones occur. In the

1. Stearn, W. T. 1960. Allium and Milula in Central and Eastern Himalgya.
Bull. Brit, Mus. Bot. 2 : 161-191. p. 11.

2. Hooker, J. D. 1894, A Skeich of the Flora of British India.

3. Chatterjee, D. 1962. Floristic Pattern of Indian Vegetation. In Proc. of the
Summer School of Botany. Darjeeling. ICAR, Govt. of India. Maheswari,
Johri and Vasil. Ed. pp. 32-42.
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Kathmandu Valley which lies in the Central zone, of about
hundred families that have been recorded by the author, all are
represented in the eastern and western zones also. Some species
that are common to Baitadi (western zone) and Kathmandu
(central zone) are: Buddleia asiatica, Clematis buchananiana, Clerodendron
infortunatum, Daphne cannabina, Drynaria cordata, Euphorbia geniculata,
Gnaphalium leutoalbum, Hypericum patulum, Micromeria biflora, Justicia
simplex, Rhododendron arboreum, Quercus glauca, Mpyrica esculenta and
species of Viscum, Osbeckia, Smilax and Rhus. Burkill® reported
the presence of 28 east Himalayan and 4 west Himalayan species
in the Kathmandu Valley. The differences in the flora on the
two sides of the Kali Gandaki are striking, the river acting as a
barrier to a certain extent between the eastern and western
elements of the Himalayan flora.?

In east Nepal, i.e. east of Kathmandu, according to Banerji,?
ninety per cent of the species are clearly east Himalayan elements.
There are, however, central Himalayan elements also in this region,
a few examples of which are: Braya alpina, Stellaria webbiana, Rhus
wallichii, Cynanthus microphylla, Campanula sylvatica, Anagallis arvensis,
Pilea umbrosa, etc. Similarly east Himalayan plants are also re-
presented in west Nepal. Some common plants of these two zones,
1.e. eastern and central zones are: Meconopsis nepalensis, Viola distan,
Kydia glabrescens, Eriobotrya elliptica, Prunus rufa, Homalium nepalensis,
Symplocos thaeflolia, Clerodendron colebrokiana, Veronica klozii, Daphne
cannabina, Micromeria biflora and Dioscorea sikkimensis. Again, taking
a specific example of Pedicularis, of which 19 species are present
throughout the Himalayas, ‘6 are confined to Nepal and 7 enter
Nepal from west and go all the way to Bhutan’.? In the central
zone, the following species censtitute the eastern elements: Schima
wallichii, Fuonymus vagans, Begonia laciniata, Luculia gratissima, Senecio
densiflorum, Senecio vagans, Pratia begonifolia, Gaultheria fragrantissima,
Mpyrsine semiserrata, Symplocos thaefolia, Leucas ciliata, Loranthus ligus-
trina, Loranthus odoratus, etc. From his study of the genus Allium,
Stearn arrives at the conclusion that ‘the flora of Bhutan is closely
linked to and partly conspecific with the flora of western China

1. Burkill, I. H, 1904. Noles from a Journey to Nepal. Rec. Bot. Soc. India
4 : 59-140,

2. Sykes, W. 1954. ‘Expedition to Nepal.” Journ. Royal Hort. Soc. p. 6.

3. Banerji, M. L.. 1963. Outline of Nepal Phytogeographic Vegetaticn., p. 2.

4. Ibid. p. 3.
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and that Nepal is a meeting place of the eastern and western
Himalayan floras as regards the high mountain humid areas and
an extension of Tibet as regards high mountain arid zone,
rather than a floristic province in its own right’.?

Some species are, however, restricted in their distribution;
while the westernmost limit of distribution of Allium sikkimense and
Magnolia campbelli is the Karnali river, Cedrus deodara is not found
beyond 50° longitude and therefore, is mainly a western species.
Similarly Magnolia campbelli and Primula sikkimensis both are east
Himalayan elements but their westward distribution extends to Kali
Gandaki and Karnali rivers.

In the Himalayas, according to Puri,®? ‘only 28.8 per cent
of the flora is endemic, as against 50 per cent for the whole
country (India) which is not surprising, considering the position
of this region as the meeting ground for the Indo-Malaysian,
Chinese and Mediterranean floristic elements’.

The flora of the inner valleys of the high Himalayas, viz. Lang-
tang, Rolwaling, Khumbu, Barun, etc. shows similarity with the dry
flora of Tibet.? In the Rolwaling valley, while the southern side of
the main range is covered with broad-leaved temperate forest, the
northern side has only scrubby and cushion vegetation. The timber
line is around 4,267 m. The moraines support such vegetation as
Rhododendron setosum, Lonicera myrtillus, L. obovata, Potentilla fructicoso,
Juniperus indica, Ephedra gerardiana and species of Salix, Cotoncaster,
Primula, and Androsace. Stainton, on the basis of his numerous field
trips in the east as well as in central Nepal, has expressed this opi-
nion: ‘the country west of Dudh Kosi differed very little from that
part of central Nepal which I visited in 1964’ and ‘as one goes east of
Dudh Kosi one meets with in<reasing number of ericaceous specics
particularly rhododendron often to the exclusion of Abies and
Betula’.*  According to him, ‘Sikkimese element in the flora falls very
rapidly between the Arun and Dudh Kosi. If there he any good
grounds for dividing the eastern half of Nepal into hotanical regions

a line drawn here would probably fit the facts of plant distribution
better than any other’.?

Stearn, W. 1960. 0p. cit. p. 12.

. Puri, V. 1959. Forest Ecology. Vol. I, p. 38.
. Stainton, J. D. A, 1964. 0p. cit. p. 27.

. Stainton, J. D. A. 1964, 0p. cit. p. 26.

. Ibid. p. 26.
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Stainton (1972) has summarized the phyto-geographical com-
plexities in Nepal thus:

1. The East Himalayan element is dominant in the flora as
2. whole, which becomes reduced as one travels westward
through Nepal.

2. Locally, endemic species of trees and shrubs are not an
important element in the flora.

3. The Tibetan element is dominant in the flora of some dry
areas along the Tibetan border.

4. Some of the temperate species which occur in Nepal also
occur in areas of high rainfall in the hills of South India,
although they are absent from the intervening parts of
North and Central India.

5. The West Himalayan element is strongly represented in
the flora of Western half of Nepal particularly in the Jumla
area and some of the inner valleys.

One significant fact which Stainton points out is that ‘certain
species which disappear in East Nepal and Sikkim reappear again
further east’. He seeks to provide ‘plausible’ explanation: ‘Pairs
of species in the west and east, such as Deutzia hookeriana and
Deutzia corymbosa, Abies pindrow, Abies spectabilis, Picea smithiana,
Picea spinulosa, each of which is closely allied to the other, must
have evolved from a common stock, and that even though some
of these paired species now overlap in range each separate half
must have evolved on separate lines at a time when they were
geographically separate.’

Dobremez! who has studied the ecology and phyto-geography
of Nepal — particularly of the Central Midlands in the region of
Annapurna and Dhaulagiri, divides the tropical zones into hilly
and mountainous region, but tropical elements regularly penetrate
into the hilly region. ‘Hygrophilous species are present on the
slopes well protected from the sun and at the bottom of the valleys
where monsoon rains are concentrated. Quercus semecarpifolia
is a species which is not favoured by situation.’

1. Dobremez, Jean Francois. 1972. Mise au point d’une méthode Cartographique
d’étude des montagnes tropicales Le Nepal, ecologie et phylogeographie. These. p. 373.



Chapter VI

Forest Products

The Nepalese economy being based primarily upon agriculture,
the bulk of export commodities are agricultural and forest
products. Forests are one of the biggest resources of the country;
in 1969-70, the country earned a revenue of Rs. 16.4 million
from forest products. Though nearly a quarter of the country
is estimated to be under forest cover, in the absence of an accu-
rate inventory, transport system, technical know-how and capital,
Nepal has been unable to derive much benefit from her large forest
resources (see Table 18, p. 64).

In contrast to this, only half of Sweden is covered by forest,
which is less than 9 per cent of the world forest resource, but a good
transportation system and better management has helped this
country to capture 9 per cent of the world timber and 20 per cent
of the total wood pulp exports.

Revenue through annual auction of timber still continuss to
be an important source of the country’s income.! The system
of selling timber to foreign contractors was first initiated during
the reign of Rana Prime Minister Chandra Shamsher. Mr. Collier
who came in 1923 to Nepal as an adviser recommended the
bulk removal of sal (Shorea robusta) from the virgin forests of
Morang in the east and Kailali-Kanchanpur in the west. This
brought tremendous wealth to the Rana rulers but it also paved
the way for reckless destruction of forests in Nepal. The country
has now been left with a situation where the forests of the

1. More recently, the state owned Timber Corporation has gonc into operation
in selected parts.
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more accessihle parts have Leen over-exploited, especially those
in the Terai belt where easy transportation helps removal of timber
across the border to India. The practice of timber sale through
public auctions is being gradually discontinued and now there
is some degree of control over the activities of the contractors. At
the same time, an improved method of selection of lots for
auction js now employed. With the completion of forest re-
sources survey of the Terai and the hills, a true picture of the
forests of the country is available. About two dozen or so species
are of importance as timber trees. These are mostly found in
the Terai and Bhabar forests. The hill forests are in most part left
unexploited because of their inaccessibility. Some of the more im-
portant timber species of Nepal are: Shorea robusta, Michelia champaca,
Adina cordifolia, Dalbergia sisoo, D. latifolia, Pinus roxburghii, Cedrus
deodara, Terminalia tomentosa, Anogeissus latifolia, Dillenia pentagyna,
Cedrela toona, Ternstroemia japonica, Diplerocarpus alatus, Alnis nepalensis,
Careya arborea, Lagerstroemia parviflora, Fuglans regia, Albizzia lebbek,
Bombax malabaricum and Hymenodyctyon excelsum.

Except for the match industry, which utilizes semal (Bombax
malabaricum) for making match sticks and bamboo, which is
used to weave mats, basket blinds and furniture, until few years
ago there was no forest industry worth the name in the country.
One forest industry, however, resin and turpentine, was establi-
shed in West Nepal (Baitadi). Terai and Bhabar abound in raw
materials for the paper and pulp industry. Every year vast quan-
tities of bamboo (Dedrocalamus strictus), sabai grass (Eulaliopsis binata)
and semul (Bombax malabaricum) are exported to India from the
districts of Banke, Bardia, Kapilvastu and Lumbini as there is no
paper industry within the country to utilize these raw materials.
Palm and flendu leaves are exported from Terai to India. On the
slopes of Churiya and spurs of the Mahabharat there are still vast
tracts covered with chir pine (Pinus roxburghii), which can be utilized
for resin tapping. Pine and fir which are much used in other parts
of the world to make pulp and paper remain unutilized in Nepal
for this purpose. There is very little use of pine for making furni-
ture though this is the most suitable wood for making cabinets and
planking.

A plywood factory has heen established at Butwal recently, and
strawboard from rice straw is manufactured at Biratnagar. Cane
and bamboo furniture is made at Balaju, Biratnagar, Nepalganj, etc.
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TABLE 18

ReVENUE FroM Forest ProbucTs
(in rupees thousand)

Item 1966-67 1968-69 1969.70
Timber 14,460 16,494 7,778
Log Sales 5,733 4,872 2,599
Royalty Sales 6,042 10,692 3,823
Privilcge Sales 2,685 930 1,823
Other 954 3,759 8,610
Fuel wood 249 571 316
Minor Forest 249 225 272
Grazing 19 239 61
Hunting 6 146 15
Miscellaneous 431 2,578 7,846
Grand Total 15,414 20,253 16,388

Source : Department of Forest, H. M. G,

Paper and Pulp

Nepali paper is made out of the bark of the paper tree Daphne
bholua (D. cannabina). Often it is mixed with the bark of
Edgeworthia and Wickstroemia. The bark is boiled with ash
(now replaced by caustic scda), pulped and spread over cloth
frames. The bark is removed every two or three years and there
scems to be fair amount of regeneration. The main centres for
production of local paper are: Baglung, Helumbu and Phalindi
(Doti). Tt is essentially a cottage industry, though two factories
have been established in Kathmandu and Baglung for large-scale
production of paper. There is good demand for this paper, which
is still used for keeping official records and printing greeting cards
or for horoscopes. It is quite durable and resists attack Dy insects,
but once wet, there is no way to retrieve it — it becomes a pulpy
mass.

Saw Mills

All but five of the saw mills in the country are located in the
Terai. In the hilly region saw mills have been started at Dhan-
kuta, Bhojpur, Trisuli, and Pokhara. In the Terai they are locat-
ed at Biratnagar, Birgunj, Bhairawa, Bhadrapur, Butwal, Dharan,
Chitwan, Bankey, Kailali, Kanchanpur, Janakpur, Nepalgunj,
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Rajbiraj and Jhapa. Many of these mills are rice, oil, flour-cum-
saw mills, and quite a few remain idle for long oi short periods.
The total production capacity of all the saw mills in the country
is 1,390,000 cu ft. The Timber Corporation of Nepal has in-
stalled a new plant at Hetauda at a cost of Rs. 48 lakhs with a
production capacity of 750,000 cu ft of sawn timber. It is thus
the bigyest saw mill in the country. None of the mills possess
seasoning plants, though a parqueting company at Hetauda has
a small plant.

Besides, there are two Katha (Cutch) mills, at Nepalgunj and
Birgunj, and two camphor mills, at Biratnagar and Kathmandu.
Match factories are located at Biratnagar, Birgunj, Pokhara,
Nepalgunj and Janakpur. Bees wax, honey and tendu leaves,
which are used for wrapping biri, are all forest products. Saba:
grass, pipla and Chandmaruwa are forest products, which are ex-
ported to India.

Herbs — Drugs

Nepal is well known for medicinal herbs. These are found in
the tropical, sub-tropical as well as in the temperate and alpine
regions of the country. Some plants which are of medicinal
importance and grow between 1,219 m and 3,048 m are: Delphi-
nium denudatum (D. glaciale, grows at a height of 17,000 ft, and
has a smell resembling that of musk deer), Curculigo orchioides,
Iris nepalensis, Bryonia laciniosa, Artemisia vulgaris, Asparagus racemosus,
Aconitum ferox, Aconitum palmatum, Achyranthes aspera, Hydrocotyl rotundi-
JSolia, Valeriana wallichii, Orchis incarnata, Podophyllum emodi, Picrorrhiza
kurrua, Potentilla fuilgens, Potentilla kleiniana, Thalictram foliolosum,
Bergenia ligulata (Saxifraga ligulata), Swertia chirata, Rabia cordifolia,
etc. In the warmer parts of the country are found such medicinally
important plants as Rauwolfia serpentina, Terminalia belerica, Termina-
lia chebura, Acacia catechu, Acacia arabica, Holarrhina antidysenterica, etc.
Efforts to cultivate and market crude drugs were first made in the
year 1935. Herbal farms were set up in Manichur and Shivapuri,
both in the peciphery of the Kathmandu Valley.

The Depatment of Medicinal Plants of His Majesty’s Govern-
ment was first headed by Mr. K. N. Sharma. He made a survey
for plants of medicinal value, and collected specimens from
such places as Rasuwa and Jumla. In the Tecrai and foot hill
region Rauwolfia serpentina (Chandmarawa), a drug now widely used
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to treat patients with high hlood pressure and hypertension, grows
wild. Private traders have been exporting this plant for a long time
— mostly to India. The Department of Medicinal Plants of the
H. M. G. has established new farms in Dharan, Hetauda, Tarahari
and Nafajgarh for large-scale cultivation of Rauwolfia and Mentha.
Plants yielding alkaloids, such as Aconitum, Digitalis and Datura
are now being cultivated in farms at Daman, Manichur and Shi-
vapuri. There is much demand for Lycopodium powder, Valeriana,
Orchis, and Pycrorrhiza all over th: world. In the Nepal Hima-
layas, plants of medicinal value show a high degree of polyploidy.
Cold climate favours the formation of polyploids. Plants such as
Acorus, Ephedra and Dryopteris are adapted to grow in the
warmer as well as in the colder regions, but it is often seen that
only those that grow in the colder region contain a larger amount
of the active ingredient. It has also been established that the total
alkaloid content of medicinal plants is higher in the Nepalese
plants than elsewhere. The full potential of the medicinal plants and
of herbs and crude drugs has not yet been realized. Pyrethrum can
be locally used for the manufacture of mosquito coils; it would
have a good market both inside and outside the country. A syste-
matic survey of the plants is under way which will bring into light
new plants of medicinal or economic value and it will also con-
tribute, in general, to the understanding of the flora of Nepal. The
Royal Drug Company, a public undertaking, has started marketing
pharmaceutical products, utilizing to a limited extent indigenous
products.

For many people liviny in the hills, collection and market-
ing of herbs provides an important means of livelilhood. Except
for such plants as pyrethrum, digitalis, belladonna, and aconite
which are being grown on a commercial scale in the Herbal
farms, collection, processing, and marketing of herbs is in
the hands of individuals. In the dry trans-Himalayan region
many plants of medicinal value grow. These are brought into
Nepal by the Tibetan as well as Nepalese traders and exported
mainly to India. Nepalese herbs also find their way to such in-
ternational markets as Singapore, Hongkong, Japan, USA, and
several countries in Europe.

Nepalganj is one of the higgest centres of trade in medicinal
plants. On the basis of one survey, the source, type and volume
of medicinal plants were compiled which have been shown in
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Table 19 (see p. 68). From the far western part of the country, a good
amount of medicinal plants is exported from Marma and Duhunu.
Most important of tbese are: Orchis, Pycrorrhiza, Aconitum,
Swertia, Cinnamonum, Rubia cordifolia, etc. According to one
source, in Baitadi as also in Darchula, there are enough possi-
bilities for making paper from Daphne cannabina, and in the past
one such factory was established at Jhulaghat.



TABLE 19

SOURCE AND APPROXIMATE VOLUME OF EXPORT oF MEDICINAL DRUGS THROUGH NEPALGAN]!

Vernacular Name Scientific Name Source Average Annual Export Tonnes
Jatamansi Nardostachys Jumla 250-500 mds 9.25-18.50
Jatamansi Tibrikot
Pipla Piper longum Banke-Bardiya 100-125 mds 3.70-4.65
Rohini Mallotus ’s 20-30 mds 0.74-1.10
Dhilippinensis
Daruhaldi Berberis nepalensis Sallyan ?
Sugandhwal Veleriana wallichii Jumla, Sallyan, 200-300 mds 7.40-11.10
Dailekh
Kaphal (bark) Myrica nagi ’s ' 3
Bojho Acorus calamus Dailekh, 100-200 mds 3.70-7.40
Surkhet
Satawari Asparagus racemosus . Sallyan, 100-500 mds 3.70-18.50
Dailekh
Dalchini Cinngmomum tamala Sallyan,
(Bark) Dailekh, 200-400 mds 7.40-14.80
Surkhet
Tejpat », (Leaves) sy - ’s
Timmur Zanthoxylum alatum Banke, Dang 800-1000 mds 29.60-37.00
Sarpagandha Rauwolfia serpenting s 2-4 mds .07-.15
Pakhanved Saxifraga ligulata Banke, Sallyan 400-500 mds 14.80-18.50

Dailekh
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Padamchal

Atis

Rajbriksha
Panch anwle
Manjetha
Kutki

Rheum emodi (Root,
petiole)

Aconitum
heterophyllum
Cassia fistula
Orchis incarnata
Rubia cordifolia
Picrorhiza kurroo

Dailekh, Piuthan,
Jajarkot, Jumla,
Musikot
Humla

Timurkot

Banke, Bardiya
Jumla

Sallyan, Dailekh
Jumla

100-200 mds

100-125 mds
50-100 mds

2

?

5-10 mds
10-20 mds
300-500 mds

3.70-7.40

3.70-4.65
1.85-3.70

.18-.37
.37-.74
11.10-18.50

1. The above data were supplied by the firm of Sita.Ram, Radha Krishna, the biggest dealers in the medicinal herbs

and drugs in Nepalganj.
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Chapter VII

Wildlife

Wildlife in Nepal is both very varied and fascinating. The first
person to bring this very rich wildlife of this country to the notice
of the scientific community was Sir Brian Hodgson, the British
Resident in Kathmandu during the years 1820 to 1822, and again,
from 1824 to 1843. He published moie than 100 papers which
deal with birds, reptiles and mammals cf Nepal. Although the
erstwhile Rana regime put restrictions on his movements outside
the capital, he employed Shikaris (professional hunters) to ccllect
animals for him. Hodgson’s collection, most ¢f which went to
the British Museum, included 9,512 specimens of birds, 903
mammals, and 84 reptiles...he contributed articles which contained
descriptions of thirty-nine new genera and species’*. His primary
interest was, however, in the field of ornithology and he has to his
credit ‘563 species of birds, of which no less than 150 were new to
the avi-fauna of the Indian Empire’.?

Zoo-geography

Prater® divides Nepal into three faunal zones: cis-Gangetic or
Indian, the central or trans-Gangetic (Himalayan), and the
northern, which is nearly Palearctic. The Palearctic region is
sub-divided by Wallace into the Mediterranean, West Chinese
and Indo-Chinese sub-regions. According to Caughley! (1969),

1. Swan, L. and Leviton, A. E. 1962. 0p. cit. pp. 127-29.

2. Ripley, Dillon S. 1950, ‘Pcerless Nepal. A Naturalist's Paradise.” National
Geographic, Vol. xc. No. 1. p. 1.

3. Prater, S. H. 1928. In Percival Landon’s Nepal. p. 279.

4. Caughley, Graeme. 1969. Wildlife and Recreation in the Trisuli Watershed
and other Areas in Nepal, HMG|FAO/UNDP/(mimco.)
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the mammaljan fauna of the Himalayan zone in Nepal has three
peculiarities:

(¢) The Himalayan zone separates the regions occupied by
the oriental fauna (India and North East Asia) and the
Holarctic fauna (North America and Eurasia, excluding
south East Asia) but neither contributes many species
to the fauna of the Himalayan zone.

() An endemic Himalayan fauna has not been developed.

(¢) The number of mammalian species in the Himalayas of
Central Nepal is lower than that to its east and west.

‘Lack of endemism in the Himalayan fauna is due to its recent
origin. Furthermore, there are distributional gaps. Red deer
which is present in Kashmir and Bhutan is absent in Nepal.
Similarly, the Himalayan Marmot (Marmota bobak), which lives
at altitudes 3,962 m to 5,486 m, occurs in west Nepal and Sikkim,
but it is absent in the intervening region. Several hoofed mam-
mals — Ibex (Capra ibex, Markhor Wild Goat)and Urial, which cccur
in west Himalayas in parts of Kashmir, Ladakh and Kumaon are
absent in Nepal. Interestingly, such gaps exist in plants also, a
thing which is ascribed to ‘natural Zoogeographic features probably
dating back to the Pleistocene’.

In the sub-alpine regions, reduction in the mammalian fauna
is quite significant. The most common mammals which are seen in
this part are: the jharal or the Himalayan Tahr and the mouse hare.
In the scrub forest musk deer is common. Above the timber line,
Lynx (Felis lyns), wolf (Canis lupus), Brown bear (Melursus ursinus),
Snow leopard (Panthera uncia), Blue sheep (Pseudois nayaur), and
Tibetan sheep (OQuvis ammon) are the big animals.

Nepal lies at the cross-roads of the diverse faunal elements.
The fauna of the wet zone of the Himalayas are ‘fundamentally
related to species in Western China’.! The high altitude palo-
batid frog (Scutiger sikkimensis) and the lizard (Fapalura sp.)
found in wetter Himalayas have their counterparts in West China
also. The Mediterranean elements (dgama,  Phrynocephalus,
Alsophylax, ctc.) do not extend into West China but often extend
into Tibet. It is, however, emphasized that ‘this Himalayan-
Mediterranean fauna is a minority conflux of species among the

. Swvan, L.and Leviton, ALK 1962, Op. cit. pp. 127-290.,
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far more numerous Panoriential-Indian, Indo-Chinese and Hima-
layan amphibians and reptiles’.

Nepal is a paradise for ornithologists. Ripley, who collected
data from both in the western and eastern parts of the country,
from the flat Terai to the Mahabharat range, found the Spiny
habbler (Acanthoptila nepalensis), ‘a bird which had not been
reported for 106 years’. Though he collected many different kinds
of birds — sparrows, finches, magpies, partridges, black-throated
thrushes, bush larks, Darjeeling wocdpeckers, and many kinds of
warblers, he failed to find the mountain quail (Ophrysia superciliosa),
once reporied from Nepal but now a lost species. He observed
that as ‘the hill forests are steadily and inexorably retreating, game
animals and birds are disappearing’.?

Avian Zoo-geography
In Nepal, some uniqueness is seen in the distribution of the

birds also, and there are specialized areas in which birds live. These
have been designated as follows?2:

1. Lowland Zone (sub-region of Oriental):
Unique areas: Far Western Terai, Far Eastern Lowland.
2. Midland Zone (Unique areas): Baitadi-Darchula
Rara-Ringmo, Mai Valley.
3. Himalayan Zone.
4. Trans-Himalayan Zone.

“The birds inhahiting the lowlands (Terai, Bhahar, Churiya
and Mahabharat to about 900 m) are similar to those in the
Indian plains.” Some of these birds are: Crested Larks (Gabrida
cristata), Finch Larks (Eremopterix grisea), Parakeets (Psiltacidac),
Rollers (Coraciidae), Bee eaters (Meropidae) and Muniya (Plocidae)
are found throughout the lowlands and they are also common in
Jhapa and Kailali. Some of the lowland species travel up the
valley and thus extend their range inward. ‘The swamp partridge
(Francolinus gularis) is only found in the grassland of Suklaphanta.
The Giant Flying Squirrels (Ratufa bicolor)® is found only in S. E.

1. Ripley, Dillon S. 1950. 0p. cit. p. 4.

2. Fleming, R. L. Jr. 1971. °‘Avain Zoogeography of Nepal." Jour. Nepal.
Geographical Society. 4 : 28-31.

3. Not a bird, it belongs to the Rodentia.
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Nepal and is an extension of the one found commonly in south
East Asia.’

In the Mahabharat Lekh, wherever forests have been spared,
Babblers, Laughinz Thrushes, Sibias and Yuhinas are found. ‘Many
forest birds of this zone are related to Indo-Chinese forms. Indian
types predominate in cultivated sections.’

In the Trans-Himalayan area, ‘in Rara and Ringmo are
found high altitude west Himalayan birds’. Two birds — Missel
Thrushes (T uwrdus viscivorus), White-necked Nuthatches (Sitla
leucopsis) are confined to a narrow area of Rara-Ring.no.

Birds of the sub-alpine and alpine reg.ons show uniformity in
distribution. Both Yellow and Red Billed choughs, snow pigeons,
blue Grandal (Grandala coelicolor), are common ahove the tree line.
In the Trans-Himalayan zone, which is arid, onesees ‘Turkestan
Hill Pigeons (Columba rupestris), Tibetan Snow Finches (Montitruigilla
adansis) and Brown Accentors (Prumela fulvescens). As in the case
of plants, eastern Nepal is a zone of transition between Indo-
Chinese and other faunal zones. Arun River, Singalila range and
Arun-Dudh Kosi all have been regarded as providing the principal
barriers for the westward migration of birds. The distributional
limit of some of the eastern species has now been extended
to farther west. Fleming Jr. (1971) disagcees with Swan in
regarding Singalila as a faunal barrier and that many eastern
species extend into Central Nepal and so do the western ones.  Citing
the specific case of pheasants, he says: ‘The west Himalayan Chir
pheasant (Catreus wallichit) and the Koklas Pheasant (Pucrasia
macrolopka) hoth occur as far ecast as the Kali Gandaki and
Pokhara. An easterly pheasant, the Blood Pheasant (Ithaginis
cruentus) has been seen as far west as Mansalu (K. B. Sakya and
J. Blower pers. comm.), but are uncommon in Thak. Thus in consi-
dering a bird species, a dividing ‘“break” would appear to occur
more frequently in Central Nepal than elsewhere in the country.’

Another interesting feature of the avifauna is that of sub-
speciation. In general, birds are darker in the east than in the
west. Therc are some birds ‘which fit the three zone catezory’.
Taking again the specific example of the pheasants, the common
Kalij pheasant (Lophura leucomelana) has white crest and rump in
Doti, a black crest and white rump in Kathmandu and a
Dlack crest and rump in Illam. This fpattern is repeated in other
birds as well: Red-Headed Laughing Thrush (Garrulux erythroce-
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phalum), the Nepal Parrotbill (Paradoxornis nepalensis) and Leaf
warbler (Phy!loscopus pulcher).

Bird Migration

There is seasonal migiation of the birds due to adverse climatic
conditions during certain parts of the year. Some species, such
as the Wall Creepers, mainly follow the snow line which in the
Himalayas fluctuates between 4,572 m and 5,486 m in summer, to
2,438 m to 2,743 m during winter. There are others, such as,
Lammergeiers and Bar-Headed Geese which have been seen flying
high over the Everest region at incredible heights of 7,315 m to
7,620 m. There are claims of having observed birds (geese) at
8,839 m. Wagtails herald the migrating season in the Kathmandu
Valley; White and Yellow headed ones are seen quite commonly.
Hodgson’s Pied wagtail (Motacilla alboides), though not so frequent,
can be observed in March. In the paddy fields, the Pond
Heron is an ubiquitous bird. Occasionally, Chestnut Bittern may
also be seen and the White Breasted Kingfisher is also a very
common bird. In Kathmandu Valley, one of the commonest sun-
birds is the Yellow-backed sunbird. The male shows bright plu-
mage only in the breeding season. The birds hang upside-down
and avidly suck at the nectar of Hoya lanceolata.

Ducks, teals, gcese, and other water birds, which visit India
during winter months return north after collecting a lot of fat.
They go as far north as Siberia — a journey covering several
thousand miles. They follow fixed migration routes — usually
following a river system — Kosi in the east, Bagmati and Narayani
in the central and Kavnali in the western part of the country.

A number of birds breed in the Himalayas, Golden Thrush,
for example, but most spend their time in the warmer southern
plains of India.

The woods around Kathmandu have a large bird population
— thrushes, barbets, orioles, finches, warblers, babblers, magpies,
doves and pheasants. The Spiny babbler (Acanthoptila nepalensis)
is quite common in secondary scrub forest of Gaultheria, Symplo-
cos, Myrsine and Camellia. The bird is reported to be abundant!
cn Sankhu ridge (1,981 m) and Tokha (1,524-1,828 m). Pairs are
found from March tc May.

I. Prourl, Dxsireé ( Mrs. ). 1959. ‘Notes on the Spiny Babbler. Acanthoptila
in the N:pal Valley.” Bomb, Nat. Hist, Soc. August, 1959,
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The Great Himalayan Barbet (Megalaima virens), is a bird of
middle altitude — Letween 914 m to 2,743 m. This strikingly
coloured bird, mainly blue and green but with splashes of red, has
been collected from wide geographical areas, such as Nuwakot and
Baitadi. It is locally known as Himali Neuli.

Thick-billed flower Peckers appear in the Kathmandu Valley in
September. This is one of the smallest birds of Nepal. Some
birds are now not seen as commonly as they used to be in the past.
The Black-throated Thrush (Turdus ruficollis), eaten as a delicacy,
is not seen that commonly. Similarly, the Demoiselle Crane
(Anthropoides virgo) which arrive in October on their way to the
Terai are also not seen in large flocks now.1

The Tibetan skylarks are seen late in January over wheat fields.
The rock pigeons are also seen at this time of the year hovering
over the fields. The magpie robin, with its beautiful plumage and
sweet voice, can be seen in the ravines.

In the forests around Kathmandu, bulbuls, barbets, babblers,
warblers, fly-catchers, tits and the finches are commonly found.
Occasionally, one comss across the hawk eagle flying gracefully
over Schima-Pinus forest.

Besides Fleming, Scully (1879), Smythies (1950), Proud (1955),
Rand with Fleming (1957, 1¢61, 1964), Ripley (1950, 1953, 1961)

and Biswas (1962, 1963) have contributed greatly to the ornithology
of Nepal.

Bird Ecology

The ecology of Red-billed Blue Magpies, locally known as
‘Lampuchre’ has been discussed by Fleming, Jr.2 These are
common birds in the midland, in western and central parts of the
country, but scarce towards east. With its long white tail
and bright plumage, it is quite a distinctive bird; it is omnivo-
rous and often robs other birds’ nests. The Red-billed species
lives at lower altitudes, while the Yellow-billed one, which is
really another variety, can only he found higher up in the oak forests.
Both specics do not occupy the same niche.

Similarly the flycatchers feed exclusively upon insects which
arc caught on the wing. Fleming Jr. reports no less than 21

1. Newsletter. N~pal Nature Conservation Socicty. No. 8. Fcb. 1972,

2. Fleming, R. L. Jr. 1973. The General Ecology, Flora and Fauna of Midand
Nepal. US/ATD. Kathmandu. p. 105.
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species of this bird in ‘the Kathmandu Valley but they are ‘sepa-
rated altitudinally’. No two flycatcher species are found eating
the same types of insects within the same altitude.

Another example is afforded by the spotted forktails, which
inhabit the streams. They emit the same call as the Whistling
Thrush, a thing which is advantageous to them because a screech
can be heard over the roar of the stream.

Interestingly, many of the birds found in the oak-rhododendron
forests in Nepal are also found in other parts of South East
Asia, ‘eastwards through Sikkim, Bhutan, NEFA, and the
mour tains of Western China and northern Indo-China’. The
most conspicuous birds in the oak-rhododendron forest are those
belonging to the family Timaliidae, to which the laughing
thrushes and babblers belong. The Slender-billed Scimitar Babbler
can be seen among bamboo clumps digging out insects with its
long scimitar-like beak. Its westerly distribution extends to
Pokhara but this is a species known to occur mostly ‘in Western
China, west through Bhutan, and Sikkim to the Mai Valley of
Nepal’. The Black-capped Sibia is another ‘secretive bird of
oak-rhcdcdendron forests, whose loud ringing call can be heard
almost constantly from early morning till dusk’.

Fleming Jr. has reported the ‘Rediscovery’ of the Yellow-
Vented Flowerpecker in Nepal, the first to be made after Hodgson
noted it in the early 1880’s. He saw ‘several individuals in
Acacia trees with mistletoe along the Tamur River south-west of
Dhankuta’.® According to him, this bird is rather ‘unusual’ for
Nepal, but common in Thailand.

Fleming Sr.? besdes reporting ‘Two New Records’ — the
white-rumped Spinetail Swift (Chaetura sylvatica) and Kashmir
Red-breasted Flycatcher (Muscicapa subruba), has made this obser-
vation about bird migration in eastern Nepal:

‘The Kosi barrage has become a veritable bird paradise.
The silt from up river above the dam, to the distress of irrigation
authorities, has created shallows and mud flats which attract
many migrating birds. Three years ago in March we estimated
that in the week we were there some 35,000 ducks migcated north-

1. Newsletter. Nepal Nature Conserv-tion Society. No. 22.

2. Fleming, R. L. Sr. 1974. Newsletter. Nepal Nature Conservation Society.
No. 23. '
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ward. The canal banks and pools of water from ths Kosj to
Chatra also are well populated with bird life. A group of British
ornithologists saw in this barrage, in the ficst wezk of February
five thousand ducks, Gaylag Geese, Falcated Teal, numbers of
Caspian Terns, Spoonbills and many wadzrs.’

Khatri! has listed a number of birds from Baitadi. Th= list
includes: Common Myna, Jungle Myna, House and Junyle
Crow, Red Vented Bulbul, Red Whiskered Bulbul, Paradise
Flycatcher, Robin Dayal, Yellow Checked Tit, Chestnut-bellied
Nuthatch, Velvet-fronted Nuthatch, Fire-breasted Flowerpe:ker,
Purple Sunbiid, White-eye, Black Drongo, Gray Shrike, Common
Swallow, Red-rumped Swallow, Greea Bez-cater, Hoopos, Spotted
Owlet, Great Horned Owl, Koel (Cuckoo), Red-ringed Parakeet,
Bengal Gieen pigeon, Blue Rock Pigeon, Red Junsle Fowl, Kalij
Pheasant, Gray Partridge and Chukor, which is very popular a3
a fighting bird in Kathmandu. In the oak forest at Garhi was
seen the Himalayan Pied Woodpecker.?

Cuckoo or the Koeli is a bird very familiar to everyone in Nepal.
The bird arrives in late spring when kaphal (Mpyrica esculenta)
berries begin to ripe. The call which sounds liks the note ‘Kaphal
pako’, is emitted by the male only. It escapss the duties of parent-
hood by transplanting its eggs in the nests of several other birds.

The egys, small in size, are left unnoticed by the rightful
owners, who feed the young birds as if they were their own.
Very soon the young Cuckoo bird becomes strong exnough to fly
away and able to fend for itself. This is a case of ‘social parasitism,
to which often babblers and thrushes also become victims’.

Locally there is another bird which is also known as Koeli. This
is a small black shiny bird found throughout the central hilly
rezions a1d the low-lands. It is also called ‘Brain Fever’ bird
becauss of the incessant call which it gives throughout day and
night, somewhat monotonous and irritating. One is too familiar
with the notes ‘ko-ho, ko-ho, ko-ho’. The Koeli also puts its eggs
in the nest of a crow, who sometimes becomes suspicious and
‘builds a new nest on the top of the old one thus sealing off the eggs

below’.3
Another examplc of social parasitism is the Honeyguide, a bird

1. Khatri, H. S. Ibid.
2. Personal obscrvation. 3. Fleming Jr. 1973. Op. cit. p. 47.
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more common in the east than west. More recently, these have
heen studied by Ted Cronin of the Arun Valley Wildlife Expedi-
tion. These birds derive their names from their peculiar habit of
guiding their ‘helpers’ — man or Honey Badger —to a heehive,
which it cannot feed upon by itself. But once the honeycomb is
exposed, it feeds upon nectar, larvae and wax. The bird is known to

possess wax-digesting bacteria in its intestines, a case of remarkable
adaptation.!

The pheasants are well represented in Nepal. From the low-
land of the Terai to the alpine regions one cr the other species
can be encountered. In the Terai jungles, the Red Jungle fowl
is a common bird, living very close to the roadside. It has a
plumage of striking red and yellow, while the female is drab colour-
ed. They feed in the wheat fields during winter.

The most common pheasant of the midland is the White-
crested Kalij pheasant, Lophura hamiltonii. The bird is marked
by conical silvery grey feathers on the chest and abdomen.
Chir pheasant (Catrevs wallichii) is found in the western parts in

difficult precipitous terrain among tall grass, scrub and in oak
forest.

At higher altitudes, the Monal or Crimson Horned pheasant
(Tragopan satyra) and Danphe (Lophophoris impejanss), which is
the National Bird of Nepal, are found. The Danphe, a ‘many
splendoured bird’ and ‘ornithologist’s delight’ is given complete
protection by the Bhotiyas and the Sherpas, but is much sought
after by the hunters. Both the pheasants have now been put under
the Protected List.

The Danphe has a brilliant metallic green bronze and blue
colour with a prominent green crest. The tail is short and square
cut and hence it cannot fly too far. It is seen gliding over
trees. It principally inhabits land over 2,743 m up to trze line,
1.e. 3,657 m to 3,962 m.

The Monal inhabits Rhododendron-Arundinaria forest. The male
is crimson bronze with white spots. They move so fast that they
have been called ‘animal projectiles’.

Bird life in the Everest region is richer than animal life. A
number of birds migrate regularly across the hign Himalayas.
Among the migrants rccorded by Wollaston in course of the Mount
Everest Reconnaissance  Expedition (1921} were:

1. Ibid. p. 48.

Temminck’s
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Stint (Calidris temminckit), Pintail Snipe (Gallinago stenura), IHouse
Martin  (Delickon wrbica), Blyth’s pipit (Anthus godlewski) and
Hodgson’s pipit (4. roseatus) all at a height of 5,181 m beside the
glaciers on the Tibetan side of the Himalayan range.

Swan! has reported ‘the most incredible feat of bird flight at
4,876 m of Bar-Headed Goose (Anser idicus)’. The bhirds in thousands
regularly fly across the mountains to the shores of the Tsangpo
River and the salt lakes in Tibet. A number of wildfowl
species winter in India and go north during summer months:
ruddy sheldrake (7adorna ferruginea), common teals (Annas
crecca), pin tails (4. acuta), gradwalls (4. streppa), pigeon (4.
penlope), etc. To Everest climbers, red billed choughs are familiar
sight; these have been recorded as high as 8,229 m. The Tibetan
Raven (Corvus Corax tibetanus) constantly accompany man and his
heasts. Snow cocks are seen at 5,791 m. Crested Grebes, Pochards,
White Cormorants are also common at these heights.

National Parks and Wildlife Reserves

Nepal has proposed four National Parks and five Wildlife
Reserves covering an area of more than 3,884 sq. m. A National
Park is defined as ‘an area of land of unusual ecological and or
scenic interest set aside by Government, wherein fauna and flora
are protected as far as possible in their wild state for their scientific,
educational and recreational value, and for the benefit of the Nation,
and Mankind as a whole’.

The oldest National Park in the world is that of Yellowstone,
which was established a little over 100 years ago. There are now
well over 2,000 National Parks in the world spreading from New
Zealand to North America. These cover every type of habitat
from desert to lush tropical forests and mountains to the sea coast.
From the standpoint of fauna and flora, these are areas of
great interest to the naturalists. These are also important
from the standpoint of protecting natural environment and giving
protection to endangercd spccies. They help maintain the scenic
heauty which at least in some parts of Nepal is unparallcled in
the world. National Parks and Wildlife Rescrves attract large
number of tourists, thus hecoming an important source of foreign
exchange. They also offer opportunity for research in scientific

I. Swan, Lawrence W. 1970, Goose of the Himalavas. Natural History.
pp. 68-75.
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studies on living forms and their habitat and thus help acquire
knowledge in the scientific management of the natural resources.

Many of the wild animals of Nepal are endangered;! three
wild animals have already become extinct: Blackbuck, Wild
Yak and Pygmy Hog. Those that have already become rare or
endangered are: Rhinoceros, Tiger, Elephant, Buffalo, Clouded
Leopard, Snow Leopard, Great Tibetan Sheep, Musk Deer,
Swamp Deer, Gaur (Indian Bison), Red Panda, Wild Dog and
Four Horned Antelope.? Animals fairly common are: Sambar,
Chital, Hog-Deer, Blue Bull, Sloth Bear, Blue Sheep, Himalayan
Tahr, Serow, Goral, Mouse Hare, Himalayan Marmot, Himalayan
Bear, Leopard, Wild Boar, Barking Deer, Rhesus and Langar
Monkey.

In the last decade, the country has witnessed some encouraging
trends in the field of conservation of natural resources — forests,
water, wild animals and birds. During the Rana regime, large-
scale hunting was restricted to once a year, when the Prime
Minister went on his winter safari to the warm valleys of the
Terai. Though the toll was heavy, poaching was limited. Foreign
dignitaries — dukes, viceroys, princes visited the famed forests of
the Nepal Terai for big game hunting. On these occasions, the
big game animals — particularly tiger and rhino were killed in large
numbers. Though rhinoceros had been given protection since
the time of Jung Bahadur (1845), the members of the ruling class
not only hunted it but at times made profit by selling these to animal
collectors. It is reported that between 1900 and 1950, in the five
big shikars, 200 rhinos were killed and taking into account those
killed illegally or about whom there are no records, the number
would exceed 1,000.

The fall of the Rana regime, however, at the end of 195) let
the door open to destruction of forests, both in the hills and the
Terai, a process which has its effect on wildlife also. The break-
down of law and order in certain parts of the country and a succession
of governments, more than contributed towards the depletion
of wildlife in Nepal. In the Chitwan valley — the home of the one-
horned rhinoceros — the results were devastating; from 1950 to
1968, the rhino population decreased by 88 per cent and over the

1. Nepal’s National Parks and Wildlife Reserves. 1974. National Parks Wildlifc

Conservation Project. FAO/UNDP/HMG.
2. See List of protected animals,
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same period — rhino habitat contracted by 70 per cent — chiefly
as a result of grazing and burning of elephant grass. Willant
estimated that in 1950, rhino population stood at 800, which was
reduced to 300 by 1959, a figure arrived at by E. P. Gee, when
he undertook a mission for the IUCN and in the next decade, the
population was reduced to less than hundred.?

Royal Chitwan National Park

The Royal Chitwan National Park, gazetted on September 20,
1973, covers an area of 540 sq. km. The habitat consists of open
grassy lands as well as forest, an area varying in altitude from
76 m to 452 m. The Park touches India towards south-west and
Mohan Khola and Narayani river in the west. The Park area
extends towards the east upto the Rapti river. The open grassy
lands and water-logged areas (ghols) constitute the majn habitat
of the rhino population in Chitwan.

Wildlife

The most important wildlife in the Park is of course the rhino-
ceros (Rhinoceros unicornis). The animals are mostly concentrat-
ed in the north-east corner and western end of the Park. They
are seen during certain periods of the day — mostly in the morning
and evening. Upreti and Pelnick?® carried out aerial census of
rhinos and estimated their population at 120, a figure which was
later raised by Laurie (1973) to more than 200.4

Nepalese rhinos eat exclusively grass, in contrast to the Africamn
species, which eat scrub. The ideal habitat for the rhino is swamp
land covered by tall elephant grass. Grazing is extensive.
According to informed sources, large herds of domestic cattles
graze in the rhino sanctuary each day which besides destroying
the rhino habitat, also become a source of danger for introducing
‘foot and mouth’ discase.

Between 1950 and 1960, there was a sharp decline in the rhino
population and between 1960 and 1970, it has remained more or

I. Willan, R. G. M. 1967. ‘Forestry in Nepal.’ The Report of the Chief Con
servator (mimeo.).

2. Gee, E. P. 1964. The Wildlife of India. Collins.

3. Upreti,B. N. and Pclnick. 1973, Report on the Chitwan National Park. (mimeo.).

4. Laurie, Andrew. 1975. Ecology and Behaviour of Rhinoceros. Newsletter.
Nepal Nature Conservation Socicty. No. 28.

N. H. N.—6
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less steady, but now they are increasing in number. In the last
decade, the annual natality was 18. Upreti and Pelnick have
come to the conclusion that if the incidence of poaching is
curbed, there is good chance of increasing the rhino population
in Chitwan, assuming that the habitat does not deteriorate further.
Poaching has been reduced since the Park office was established
and as a result of the prize money being offered to the informants.
Still, there remains the problem of animals straying into cultivat-
ed fields, where they are shot by the poachers. Upreti and
Pelnick’s studies revealed that in the National Park rhinos are
mostly seen in the early morning and in the late evening and in
the hot season — a number of them (40 per cent) take shelter in the
deep forest, rather than stay in the wallows.

Some other behavioural patterns of rhinos include: bobbing its
head up and down or grazing and sweeping the head rapidly from
side to side. ‘Adult cows and bulls show aggressive behaviour.’
Wher they do contact other rhinos, they adopt a head-up posture
and may snort repeatedly. Flight is a common reaction of the
other individual. Alternatively, as the first gets nearer, a head-
low open mouth posture is taken up. The corners of mouth are
pulled back and teeth displayed. A high pitched bleating vocali-
sation is repeated alternately with the honk, and the head-on
position is maintained at the risk of turning the rump which is
vulnerable then to slashes from the tusks.

“Thus attack or flight are the main methods of defence.’

Rhinos have the peculiar habit of defecating on old dung
piles. Fresh dung is a stimulus to defecate. Calves invariably
defecate after their mothers. When defecating, rhinos approach
a dungpile, sniff at it, swivel around their hindquarters, lift their
tails and defecate.

Urination, which occurs in squirts takes place

(a) during or after encounters with another rhino, elephant or
man, especially while walking away;

(b) on leaving a wallow or going across any kind of boundary
such as the forest or grassland;

(¢c) 6n seeing other male urinate;

(d) while walking/feeding.

Scent marking is less effective than in the dry plains of Africa.
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“Thus the behaviour pattern which scent marks the tracks is less
.developed in the Indian rhino than its African black counterpart.
“Therefore, the use of old dungpiles becomes an important factor
in the communication system of the rhinos.

Adult males prefer to live alone, but cow and calf remain in
:constant communication and association, until the latter becomes
more than 3 years old. Mating takes place when the calf is
about two years old and the calf is usually driven away by the
male at the time of courtship. Intermittent association of a male
with an oestrus cow for three or four days before mating is normal
and during this time, the calf may rejoin the female for short
periods. Adult males normally avoid cow with calf.

Laurie’s Report indicates that young calves become easy prey
to tigers and deaths have also occurred as a result of injuries
sustained in mutual fights among adult males. He estimates a
population increase of 2.7 per cent per year and with poaching
under control, the population is likely to show a slow increase.

He has recorded the calfing interval of 3.8 years. Rhinos in
‘Chitwan do not have regular breeding season and ‘birth normally
takes place in seclusion. The cow disappears into thick forest for
a period of several days before birth’.

Laurie has also studied the food habit of the animals. They
feed mainly upon Saccharum-Phragmities, but show a preference
to Imperata. They feed upon the charred stalks and visit the
same area for eating the new shoots. ‘Of the 29 common species
of grasses and rushes around the wallows and along river beds, all
seem to be eaten by animals. ‘The preferred species are: Cyperus sh.
(in wet areas) and Cynodon dactylon (in dry areas).’

Behaviour

Among the rhinos, variety of behavioural patterns have been
observed. ‘Greetings are common between calves and approach-
ing strange rhinos and between sub-adults. A slow approach with
nose stretched forward is usual. Noses are touched and there
may follow a bout of sparring with one’s horn circling the other’s
snout and clashing audibly and muzzling of the side of one’s face
with other’s mouth. During muzzling, the mouth is often open
and attempts at biting may occur.’

Though there is no shortage of food, rhinos invade culnvatcd
fields because of encroachment of their ‘home area’. They move
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into the fields after dark and return with the daybreak to the
forest.

Other Wildlife in Royal Chitwan National Park

Besides rhino, there are other animals in the Park: tiger, leopard,,
Himalayan black bear, sloth bear, Sambar, spotted deer, hog deer,
barking deer, wild boar, porcupine, Jungle Cat, Rhesus and Langur
monkeys, jackals, Gangetic Dolphin and crocodile. Bison is
a rare bovine species, which inhabits the focthill region and is seldom:
found above 4,876 m. About this animal Prater says that with its
huge head deep massive body and sturdy limbs, the Gaur is the
embodiment of vigour and strength. ‘In Chitwan they seem to be
shy and elusive because of persecution by human beings.’

In National Park itself, the animal is quite rare, though some:
have been sighted near the foothills. It is quite likely that the animal
is on the verge of extinction from the country.

The Pygmy Hog (Sus salvanius)

The Pygmy Hog, which once inhabited a large part of the foot-
hills of Nepal and India has now almost disappeared. There are
reports that this animal has been sighted in Kanchanpur. They
are near relatives of the wild boar but barely exceed 25 cm im
height. They live in herds of 5 to 20, and being nocturnal, are
not seen easily. When forest fires break out in early summer, they
come out. This is one animal whose status remains to be ascer-

tained.

Tiger (Panthera tigris)

Morphological Characteristics

The tiger is a richly coloured and heavily striped animal. Tigers
of Sukla Phanta are well built and larger than that of Royal Nationak
Park (Chitwan). The record is 3.3 m in length and 0.91 m in height
at shoulder.

Tiger entered the IUCN Red Book in 1970 as an endangered
and rare species, whose number in the sub-continent India, Bangla-
desh and Nepal, was put at 2,000. In Nepal any estimate of the
tigers would be nothing but a guess. The main concentration of”
tiger, however, is in the Terai districts of Nepal as is shown

in Table 20.
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TABLE 20

DisTRIBUTION OF TIGERS IN NEPAL

Area Estimated Number
of Tigers
Kanchanpur 15-25
. Bardiya 40-50
Nawalpur/Chitwan 20-30
Rest (Scattered) 1-20

Source : Mishra and Poppleton (1970), Operation Tiger (Typescript).

Behaviour and Habitat

Tigers prefer grasslands, swamps, while leopards are forest
dwellers. They are intolerant of heat and so seek shade at
mid-day and lie in water to keep cool. Having kept itself
cryptically hidden among tall grass during the day, it emerges in
the evening to stalk its prey, lying in ambush along the paths which
run through forest or banks of rivers. The tiger’s food habit
is diverse: wild boar, chital, barasingha, nilgai and even fish, if
nothing else is available. They drag the prey if it is too large
to be taken in a single meal. Tigers do not mind putrefied meat
and return to the same kill even though it is several days old.

No man-eating tiger has yet been reported from Sukla Phanta.
‘The female species around Rani Tal, the biggest of them all, has
«defied the hunters thus far. Tigers of Sukla Phanta do not prey
upon the cattle, which shows that deer and antelopes are in plenty.

‘Operation Tiger

The World Wildlife Fund has made an initial commitment of
US dollars 132,192 under ‘Operation Tiger’ for the Kingdom
of Nepal. This would involve proposed Royal Karnali Wildlife
Rescrve, Sukla Phanta Wildlife Reserve and the Royal Chitwan
National Park.

A number of factors have contributed towards the drastic re-
duction in the tiger population of Nepal. The opening up of
the forested areas of the Terai for resettlement after eradication
of malaria led to large-scale killing of the animals by the poach-
ers, as well as under licence from the government. As Mishra
and Poppleton rightly point out: It needs to be emphasized
that prior to 1970, when tiger shooting was banned, these animals
could be legally hunted for a paltry sum of Rs. 500. The vast
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road development programme was another contributory factor in
the reduction of tiger population. Uncontrolled grazing has also-
brought about the destruction of the habitat. Development of
roads and other means of communication and the introduction
of modern weapons combined with a big demand for tiger skin
in western countries, reduced the tiger population to a minimum..
The preceding history of settlements in the Terai is also the
history of decline of tigers in Nepal. Thus in the last two decades
the tiger, once a common animal of Nepal, has been confined to.
a few isolated pockets.

Besides the reduction in habitat, poachers have taken a heavy
toll of the animals by using insecticides.

Bardiya Wildlife Reserve

Besides Sukla Phanta, by far the largest concentration of the
tigers is in the Royal Karnali Wildlife Reserve — an area covering’
468 sq. km in Bardiya District. Mishra and Poppleton say in
their Report: ‘Except for Sukla Phanta, Bardiya probably has.
the maximum density of tigers in Nepal. Fresh signs of tiger
were frequently seen in most parts of the area, particularly near
Danwa Tal. For the last five years, this area has been closed for
shooting, which extends from the foothills to the Churiya, and is.
criss-crossed by a number of rivers and streams.’

Besides tigers, other animals seen in the area are:

Elephants:  (7-9), which are part of a migratory herd that
move in and out of the Reserve.

Leopard: Common near agricultural land, mostly preying
upon domestic stock.

Deer: Four species — Chital, Sambar, Barking deer and
Hog deer.

Swamp deer: Once reported but is no longer seen.

Antelopes:  Blue bulls are common.

Blackbuck: Non-existent now, though as recently as in 1973, a.
few were killed.
Four-horned
antelop=: Very rare.
Serow: Known to occur along the Churiya ridge..
Gangetic
dolphin: Rare
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Gavial: Common in the Karnali gorge

Lesser
animals: Boar, rhesus monkey, langur and jackals.

Future prospects for this Reserve are somewhat uncertain. The
East-west Highway would cut through the Reserve, which no
doubt, would disturb the habitat. Another factor is the proposed
Karnali dam, which would bring into the area thousands of
people. The dam site actually lies 20 miles north of the boundary,
but still it is too close to the Reserve. Major irrigation channels
are supposed to pass through the Reserve which would no doubt
adversely affect animals, including crocodile.

Wild Animals of the Lowlands

Common Rhesus Monkeys (Macaca mulatia)

Monkeys are found everywhere, in the plains as well as in the
hills. In the Kathmandu Valley, they are principally found in
two localties at Swayambhu Nath and Pashupati Nath. Among
the troops a distinct hierarchy is found. Only males are dominant.
Another monkey, Macaca assamensis is also known to occur
in the country and though the two species inter-breed freely in
captivity, whether they do so in nature is yet to be ascertained.
The Assamecse Macaque is d'stinguished from the Rhesus by
the absence of orange red hue on its loin and rumps. Monkeys
eat almost anything; in the spring they are seen foraging flowers
of the silk-cotton tree.

Entellus Monkey (Presbytis entellus)

These are long tajled slender with greyish white coat and a black
face, hands and feet. The tail may be more than three feet long.

They seldom come near human habitation as the rhesus
monkeys do. They inhabit a wide area from the plains to an
altitude of 3,048 m. At night, they take shelter in trees and during
the day descend to the cdge of villages to fced upon crops,
such as potato. They live in troops of 5-6 but old males stray
out of the troop. They keep a close company of the spotted
deers and give warning signals whencver a predator — leopard or
tiger — appears in the area.

Bishop carried out research on the common langur monkeys
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at Malemchi (Helumbu). They usually moved between 2,438 m
to 3,657 m and lived in a mixed oak-rhododendron and hemlock
forest. In one troop there were 31 animals, who spent most of
their time on trees and came down only at feeding time. Langurs
preferred oak fruits (acorns) and during winter were seen feed-
ing upon Ilex berries. They consumed a lot of foliage — mostly
hemlock and for days went without water.

Indian Elephant (Elephas maximus)

The Indian elephant is smaller than its African counterpart
and has a maximum height of 3 m. They are found in the forests
of Terai but their number seems to have dwindled considerably.
There are scattered herds in Jhapa, Thori and Bardiya. In the
far west there is regular migration of elephants between the
forests of Kanchanpur and those in the adjoining forests of
Uttar Pradesh (India). There are reports of the herd moving
as far as the Corbett National Park. The size of the herd varies
yearly and there are indications that some of the animals migrate
regularly to India. They are known to inflict fatal injuries upon
human beings.

Blackbuck (Antilope cervicapra) Krishna sar

“This animal,” according to Prater,! ‘is the only representative
of the genus Antelopr in India.” In grace and elegance, it
is hardly matched by anyone else. It inhabits open scrub land
and avoids forest. In Nepal, in the past there were large herds
in the west in the districts of Banke-Bardiya, and Kailali-Kanchanpur
and though it is listed as one of the animals in the Sukla
Phanta Sanctuary, no one seems to have seen it in the past few
years. Few animals are reported in Dhaka Block. In Banke
district, ‘the main blackbuck areas were Khajura and Bhoj
Bhagwanpur and in Bardiya, Mainapokhar,” these regions being
‘typical blackbuck country, thorny scrub jungles or open grass-
lands covered with thorny shrubs and bushes’. Blackbuck
habitats have been irreversibly destroyed. ‘As recent as last year
some blackbucks were sighted at Mainapokhar hut according
to unconfirmed reports, these were shot by poachers’® and in all

1. Prater, S. H. 1965. Tke Book of the Indian Animals. p. 270.
2. Singh, S. ‘Black Buck — Already a Legend.’ Newsletter No. 23. Nepal
Nature Conservation Society, April, 1974,
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likelihood, blackbuck is already a lost animal, having suffered the
same fate as the Pygmy hog.!

Blue Bull, Nilgai (Boselaphus tragocamelus)

At one time this animal having a superficial resemblance with
the horse, was distributed widely throughout the Terai, and
caused much trouble to the farmers, who could not kill it because
of religious taboo. But the animals are now shot for meat, which
is turned into sukuti (smoked and dried meat). In Sukla Phanta
Reserve there are still small herds of blue bull which include
10-20 individuals. Only males have horns and a greyish coat.
They prefer open country to forest, feeding upon <Jizyphus and
other small trees. MNilgai, which is an antelope, deposit their
droppings at the same spot, which may be a means of reassembling
scattered members of a herd.?

In India WNilgai used to occur in vast herds in Khadar of the river
plains, but these were hunted in large numbers by the members
of the Diplomatic Corps of New Delhi, and eventually led to their
virtual extinction from these parts.?

Swamp Deer (Cervus duvauceli)

Of the deer found in Nepal, this is ‘one of Nepal’s rare and
endangered animal species’. It is now confined in a small area
in the Sukla Phanta, where a sizeable herd of about 1,000 js
known to exist.* The coat is woolly varying in colour from brown
to yellow. It is much prized for its antlers, and for this reason
alone, it is still poached.

In Sukla Phanta, in two days of aerial survey, 575 and 349
deer were seen.  In 1968/1969, Peter Byrne’ counted 1,250 animals
in the central and southern areas of the Reserve, and this represent-
ed the largest number of swamp deer left in any areas in Asia today,
‘the Central Inaian herds being considerably reduced and the
remainder being only scattered group in north U. P. and some
areas of Kanchanpur, Kailali and Bardiya’. In Kanha National

1. Some animals have recently been sighted in Bardiva.

2. Prater, S. H. Op. cit. p. 273.

3. Dang, Hari. 1969. The Endangered Animals. Seminar. November 1969.
Conservation. p. 25.

4. Schaaf, Dietrich. 1975. ‘Barasingha or Swamp Deer (Cervus duvanceli)
of Nepal." Newsletter. Nepal Nature Conservation Society. No. 28.

5. Byrne, Peter. 1970. Report No. 7 (Typescript) UNDP.
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Park, there is a population of about 200 which belongs to a different
race (Cervus duvauceli brandert).

Bhatt and Shrestha! who visited Sukla Phanta in January 1973,
have provided the information that the swamp deer population is
distributed in three sites:

(1) near Mahakali River west,
(11) Singpur beyond the bridge over Bahamana,
(221) Sundari-Phanta.

It is obvious that the swamp deer population is a migratory
one, but rarely do the deer come out of the Reserve for grazing.

The habitat is typical grassland, which is a bio-edaphic complex.
The fires are either natural or started deliberately. In the burnt
grassland Khar (Imperata arundinacea) becomes dominant. In
many places, one comes across dhap, the local name for water-logged
areas. In such places more characteristic species are: Saccharum
spontaneum, Vetiveria zizanioides, Eulaliopsis binata and  Heteron
contortus. 'These grasses are characteristic of water-logged or
clayey soils. Dhak or palas (Butea frondosa), which is gregarious.
in some places, is also indicative of clayey water-logged soils. Due
to heavy fires, regeneration of the tree species is difficult.
‘Like barasingha, these grasses can no longer be found in suitable
abundance anywhere else.’

Wild Buffalo (Bubalus bubalis)

The wild buffalo (arana) male has scimitar like horns, which
may have a spread of nearly 2.4 m. ‘Wild buffalo,” according
to Prater, ‘is the boldest and most savage of the species’, but
those in Kosi Tappu are reported to be shy and elusive. They
do, however, move long distances during night for crop raiding
in the villages. During these excursions the stray bulls come
frequently in contact with the domestic animals.2 The possibility
remains that at least some of the individuals in the area may be
feral.

Wild buffalo was distributed over much wider area in the whole

1. Bhatt, Dibya Deo and Shrestha, Tej Kumar. ‘The Environment of Sukla
Phanta.” Tribhuvan University Press.

2. Upreti, Biswa N. 1975. ‘The Last Home of Wild Buffalo — Kosi Tappu.’
Newsletter. Nepal Nature Conservation Society. No. 28.
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of the Indian sub-continent, but not more than 1,500 are reportedly
left now; of these, 700 are in the Kaziranga Sanctuary in
Assam,

In Nepal, a small herd of about 40 animals is known to be pre-
sent in the Kosi flood plain (Tappu), not far from Biratnagar
town. As late as in 1966, there were no less than 100 animals,
but a sharp decline in the population set in because of encroach-
ment upon their habitat, and due to over-grazing, poaching and
disease (rinderpest). The floods of 1968 also desiroyed much of
the Wildlife in Tappu.? Habitat encroachment and floods threaten
the existence of wild buffalo.

Besides the wild buffalo, hog deer, blue bull, wild boar and
jackals have also been reported from the Tappu. There are reports
of tigers but this needs confirmatjon.

Plans are now under way to establish a wildlife reserve covering:
90 sq. km. This would invelve acquiring land which is now
under agriculture.?

The Gaur, Gaurigai (Bos gaurus)

Gaur or the Indian Bison is found in the foothill region and

the hill (Churiya) upto about 1,542 m. Its main habitat is in the
Rapti valley, not inside the Park® area but on the Someswar range.
The animals occur in small numbers, though a herd of 14 was seen
in the hills near the Harda Khola.*
~ Gaur (Bovidae) usually graze in the early morning and in the
evening and take shelter in the shade of the forest during the day.
They are powerful animals and magnificent in build. The animal
is now a rare and endangered species.

Gangetic Dolphin (Plantanista gangelica) sush

There are reports about sighting dolphin in the waters of the
Narayani River in the Rapti Valley. The Gangetic dolphin has
a short neck and fusiform body, which is larger in the males than
in the females. The length varies between 2.28 m to 2.58 m.

1. Upreti, Biswa N. Newslctter No. 28. Nepal Nature Conservation Society.
Feb. 1975.

2. Gupta, Ram Bilas and Mishra, Hemant 1973. The Asiatic Buffalo of Kosi
Tappu Region: An Interim Report. National Parks and Wildlife Cffice.

3. Visitors to the National Park on rarc occasions are charged by these animals,

4. Newsletter. Nepal Nature Conservation Socicty. No. 24, June 1974.
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Females are usually larger than the males. They feed mostly on
crustaceans and cat fish living in the river bottom.

Bats

Many different kinds of bats are reported from the country.
The Flying Fox (Pteropus sp.) is common around Kathmandu and
can be seen roosting during the day on trees. In the evening they
fly out in search of food — mostly fruits, both cultivated and wild.

Others like the Great Horse Shoe Bat (Rhinolophus luctus), Brown
leaf Bat (Rhinolophus feerum equinnus), Large leaf Bat (Rhinolophus
macrotis), etc. have all been recorded. _

In the Arun Valley, two Himalayan Bats — the Great Himalayan
Leafnosed Bat (Hipposideros armiger) and the Great Eastern
Horseshoe Bat (Rhinolophus luctus) have been found. In the case
of the Leafnosed Bat, the nose is in the form of a leaf which is lined
with hairs. The nose is an organ of perception.

Bats are remarkably adapted to see in the dark. This is due
to the presence of some sort of a ‘Radar system’ in these animals.
They send out signals, which are reflected back by objects and
picked by ears especially adapted for this purpose.

Mount Everest National Park

The Mount Everest National Park, covering some 1,243 sq. km
of area, was first announced by Prince Gyanendra to the World
Wildlife Congress held in Bonn in September 1973. It was also
proposed to include this natural area of °‘certain uniqueness’
into UNESCO’s World Heritage List. Besides Mount Everest,
the highest mountain in the world, the proposed National Park
would include the Sherpa homeland, which from the ethnographic
view point has attracted the anthropologists and laymen alike.
Apart from Pokhara-Jomsom trail, trekking to Solokhumbu is in-
creasing yearly.

The proposed National Park will include the villages of Namche
Bazar, Khumjung, Kunde, Pangboche, Dinghoche, Phorse, ctc.
and it will, therefore, be desirable to ‘integrate forestry and agri-
cultural requirements of the Sherpas’.!

Vegetation

The vegetation of the area is made up of blue pine, rhododendron
1. Mishra, Hemant R. 1973. AMount Everest National Park.
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and birch. The deep hill sides of Bhote Kosi, Imja Khola and
Dudh Kosi are covered with blue pine, fir (Abies spectabilis) and
Juniper ( Funiperus recurva) at altitudes of 2,743 m to 3,657 m.
Birch and rhododendron forests (Rhododendron campanulatum

and R. campylocarpum) occur between 3,352 m and 3,962 m ‘extend-
ing further upwards along the upper slopes’.

Juniper-rhododendron scrub (Funiperus wallichiana, Rhododendron
anthopogon, R. lepidotum) occur between 3,992 m to 4,693 m.

Along the river beds, Mpyricaria rosea, Hippophe thibetans, and Salix
sp. are found. Rhododendron nivale grows at a height of 5,181 m.

Wildlife

The proposed National Park will have varied animal life. The
Himalayan bear is found in the forests at a height of 3,657 m.
Snow leopard occurs mostly above 2,743 m and preys upon blue
sheep (Pseudois nayaur). Other animals are: Flying squirrel, mouse
hare, jharal (Himalayan Tahr, Hemitragus jemlahicus), goral, musk
deer, serow, wild boar, Rhesus Monkey, Grey Langur, Red Panda,
jungle cat and wild dog (Coun alpinus). A number of mammals —
Yak, pika (Ochotona roylet), wolves, foxes (Vulpes vulpes), and sheep
‘wander above 6096 m to an approximate maximum of 6553 m’.

Langtang National Park

A National Park has been proposed in the Langtang/Gosain-
kund area, covering roughly 1,294 sq. km. The Park! would in-
clude such peaks as Jugal Himal (7,083 m) and Langtang Lirung
(7,253 m). It will be the biggest National Park in the country
of a varying topography from low river valleys to the high alpine
country, with an average elevation of 9,144 m. There are also
wide climatic variations within the area; the south facing slopes
of Helumbu receive high precipitation, while the Upper Langtang
is comparatively dry; here the winter temperatures may go down
to 4-8°C. The snowline in this part of the Himalayas generally
stays at 4,876 m-5,486 m.

The Park boundaries include part of the divide separating the
large river systems of east and central Nepal. They will extend
up the Trisuli River, ‘excluding villages and cultivation along
valley bottom eastwards to the Nepal-Tibet border, Phurbi Chyachu

1. Fox, J. 1973. Langtang National Park (Typescript). National Park
and Wildlife Qonservation Project, UNDP/HMG.
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and Nosem Dhara, and from the southern flanks of the Gosainkund
Langtang massif northwards to the border’.!

The park will also include all of the Langtang Valley, ‘the
heart of the park on which administrative and touristic develop-
ment would be centred, the Gosainkund plateau, with its sacred
lakes, and the ranges of high snow peaks lying north and south
of the Langtang Valley’.

Langtang-Gosainkund area is a bewildering and bewitching
country, very rugged with the razor sharp mountain tops, which
send out spurs in a parallel fashion on either side. One has to
fly through this part of the country to see the rocky moraines,
snowy peaks, glaciers, deeply forested hill sides, kharkas (small
hamlets) and, of course, the farms, which look like a flight of stairs.?

Vegetation

In the Park area distinct vegetational zones are met: sub-
tropical, temperate, sub-alpine and alpine. At higher altitudes
mainly cushion plants and scrubs are found. At lower altitudes in
moist habitats, especially along courses of stream, generally below
1,524 m, Lower Temperate Mixed Broadleaved forests are found.
At about 2,438 m kharsu oak is predominant. Higher up, between
2,438 m-3,048 m, in moist north-west facing slopes, alder, maple,
beam (Sorbus cuspidata) are the characteristic species belonging
to the Upper Temperate Mixed Broadleaved Forest. At these
altitudes, in the more exposed sites, are found small stands of hem-
lock, which merge at the upper limit with Abies. In the drier
slopes and at much lower altitudes are few stands of Chir pine,
which often occur in association with Quercus incana — Quercus
lanuginosa. Other constituents of the oak forests are: Rhododendron
arboreum and Lyonia ovalifolia. In the moister sites, these are aszociat-
ed with blue pine also.

Spruce (Picea smithiana) occurs scattered between 2,133 m and
2,895 m ‘in small steep valley tributary to the Bhote Kosi between
Langtang and Linde Khola’. This occurs in association with
blue pine or hemlock, the latter festooned with lichens, epiphytic
ferns and orchids, such as Pleione humilis.

1. National Park Proposed: ‘Twenty Questions and Answers. National
Parks and Wildlife Conservation Project.” Kathmandu (Mimcogrpahed).
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Extensive fir (Abies spectabilis) forests occur between 3,048 m
and 3,505 m. Rhododendron barbatum occurs as an undershrub. Larch
(Larix potanini} is another species which is found in the Langtang
valley, but it never forms extensive forests. It occurs scattered up
to 3,810 m, some being found near Kyangchin cheese factory.

Birch (Betula utilis) occurs extensively on the southern aspects
of the Langtang valley — often extending to 4,267 m.

Two kinds of junipers are common in the Valley: Funiperus
recurva, a tree 6-9 m high and occurring isolated and the common
dwarf spreading 7. squamata, growing among the boulders.

In the Langtang Valley — both ‘Moist Alpine Scrub’ and ‘Dry
Algine Scrub’ are met, the latter, however, being found only in the
upper reaches of the Valley. The characteristic vegetation of ‘Moist
Alpine Scrub’ includes: R. anthopogon, R. lepidotum, J. recurva, Lonicera
obovata, Potentilla fructicosa and Salix daltoniana. In the meadows, Iris
kumaonsis grows extensively. The spiny Papilionate-Caragana gerardiana
is ubiquitous in the drier parts along with Hippophae thibetana in the
old moraines.

Spiny dwarf bushes are characteristic of high dry Himalayan
valleys. In Langtang, Rosa sericea is found in association with Colo-
neaster macrophylla and Berberis spp. Of course, primulas, poppys and
gentians are the commonest flowers. In late spring Potentilla fructicosa,
Potentilla aureata, Fragaria nubicola ex laciata, Primula atrodentata, Poten-
tilla micropetala, Primula denticulata, Fritillaria cirrhosa, Meconopsis disci-
gera and Clematis montana are in flower. The whole ground is covered
with Rhododendron setosum and in some places with R. anthopogon.
Euphorbia sikkimensis, a poisonous plant, flowers in the open meadows.
On the south side of the Langtang River, there are extensive
forests of birch and at Kripanesa, where the Khampas have been
resettled,! thick stands of hemolck interspersed with fir are met.

Wildlife? :

At lower altitudes, the natural vegetation has been much dis-
turbed, a thing which has its effect upon wildlife also. In the
Langtang Valley itself, a variety of wildlife is reported. It in-
cludes the Snow Leopard (Panthera uncia), perhaps now Dbecom-
ing rare, Musk Deer, Himalayan Tahr, Serow (Capricornis sum-
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atraensis), Goral, Barking Deer and Leopard. In the bamboo
forest, the Red Panda (d4ilurus fulgens), is commonly sighted. There
is a possibility that the Great Tibetan Sheep may be ‘discovered’
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