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Preface 

No region of the world excites the imagination and calls up vision of the exotic more/ 
I 

than the Himalaya. Their soaring peaks and fertile valleys have nourished some of the 

world's most ancient cultures and religions. It is regarded as the largest, youngest, 

loftiest and most fragile mountain systems in the world that stretches about 2500 km 

long and 240 to 340 km in breadth, with altitude ranging from 300 to 8598 m asl and 

occupies an area of 591,000 km2 in India. There are nearly 15000 glaciers in the 

Himalaya extending from Kashmir in the west to Sikkim in the east and produces 0.1 

cubic kilometer of water during summer season. 

The total inland water sources oflndia is 7.4 million ha of which 0. 72 million 

ha falls in the colder mountain region. India is endowed with 14 major river systems 

and 4290 large lakes. High mountain lakes and streams are becoming increasingly 

attractive, both for researchers and for the public, as they are some of remnants of the 

natural ecosystems in the densely populated world. Besides their natural beauty, they 
/ 

are so valuable because they represent the remote and extreme conditions in many ., . 

ways. Millions of people of low land depend OI?- the mountain watersheds for supplies 

offresh water. But due to their sensitivity to the slightest they have become important 

paradigms and have sharpened our senses and increased our understanding of various 

forces and responses that lead to change the habitats of minute organisms and the 

entire ecosystem. The present thesis deals with hydro-ecology of a sacred ~ake in 

relation to the pressures from its drainage basin. 

Higher studies have a unique attraction for it not only adds a certain degree to 

our name but also adds a new dimension to_ life. This . fascination urged me to go 

ahead with my work, which required me to go to inaccessible remote areas. ~nitially, I 

was plagued with various kinds of problems and people from all walks of life have 

come forward to overcome this hardship to make my work and my dream a reality. 

The work was initiated with shaky ideas which took the present shape only with the 

inputs of my supervisors Dr. E. Sharma, FNA.Sc, Scientist 'D' and In-charge of 
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GBPHIED Sikkim Unit and Dr. Joydev ~al, Reader and Head of Zoology 

Department, Center for Life Sciences, North Bengal University. I record my heartfelt/ 

gratitude and indeptdness for their valuable guidance, without which this piece of 

work could not have taken this presentable form and this thesis would have been 

inconceivable. I show my gratitude to Dr L.M.S. Palni, FNA.Sc, Director, GBPHIED 

for his personal interest and his constant inspiration to construct my vision for deep 

scientific work in the near future. 

This work was started in the_ west district of Sikkim with the initiation of the · 

project entitled "Sikkim Biodiversit:y and Ecotourism", a project faciliated by the 

Mountain Institute USA, G.B. Pant Institute of Himalayan Environment and 

Development, Travel Agent Association of Sikkim (T AAS) and The Kanchendzonga 

Conservation Committee. 

I owe my special thanks to Dr. S.C. Rai for his constant guidance and all the 
I 

endeavour of r:hy research work since the time of its initiation. I would also like to 

acknowledge my thankfulness to Er. A.P. Krishna, Dr. K.K. Singh, and Mr. L.K. Rai 

for being suppmiive from time to time during ri.1y research tenure. Dr (Mrs) Rita 

Sharma is highly acknowledged for being supportive and guiding me in various 

analyses 'work. Mrs. Sabita Krishna is cordially thanked for taking great pains in 

issuing books from library. Mr. R.K. Das cooperated and provided keys during odd 

hours. 

The field trips were exhausting and tiring with tough work and with 

uncountable leeches all over the body but all these experiences really thrilled me in 

terms of new findings and interesting results. During this period of tough field work 

help from my friend Mr. H. Birkumar Singh was great who selflessly helped me to 
. . 

make my feet wet. His patience and support behind all those obstacles just can't be 

forgotten. After each trip sharing our new experiences in the lab and doing the 

analysis was a part of my job. I took help from a number of persons during this 

period with best efforts of Mr. J. Dhaka!, Mr. P.K. Tamang, Mr. M. Thapa, Mr. A. 

Tamang, Mr. P.B. Chettri, Mr. Shyambir and Mr. S. Balmiki ofGBPHIED. 
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Computer became a part of my daily routine during the research tenure and 

by the efforts of Mr. M.V.S. Manian I could learn and optimized the use. Dr. ( 

Rodney Jackson guided the computer use on statistical analyses. 

I am benefited from the interactions and discussions held ·with a number of 

intellectuals during the course of my study. I am highly obliged to Prof. J.S. Singh 

FNA of the Banaras Hindu University for sparing- his valuable time and providing 

me with academic support from time to time. Dr. J. Gabriel Campbell, former 

Director (TMI), Dr. Alton Bayer (TMI) and Dr. Kathryn A.· Saterson, (Biodiversity 

Support program) are acknowledged for their technical inputs and suggestions 

during the field visits. I am personally ·thankful to Prof. D.P. Zutshi (Jawaharlal 

Nehru University) for his suggestions and encouragements. 'lt was a great pleasure 

to have a detailed discussion of my work with Dr. J.G. Tund~si (International 

. Institute of Ecology, Brazil) on the way to his visit to our Institute (GBPHIED, Kosi 

Katarmal, Almora). Dr. Brij Gopal (Jawaharlal Nehru University), Prof. S.P Singh 

(Kumaon University), and Dr. M. Munawar (Centre for Inland Waters, Canada) are 

thanked for their critical comments and v~luabl1e inputs. Prof. H. Y. Mohan Ram 

INSA Senior Scientist is cordially thanked for his encouragement to work further. I 

am thankful to Dr. L.F. Klinger of Colorado State University for proyiding me with 

huge piles of literature on peatlands from time to time. Thanks are also due to Dr 

R.C. Sundriyal, Dr. D. Choudhury and Dr. (Mrs) M. Sundriyal ofGBPIHED ofNE 

Unit for their supportive ideas. 

I owe my thanks to Dr. Nandita Jain, Project Manager (SBE) for all the help 

she rendered during the project tenure. Her interests and concerns for literature, 

equipments and other requirernents are highly acknowledged. I am also thankful to 

Mr. Renzino Lepcha, Project officer (SBE) for being supportive while dealing with 

community members of the project site. A word of appreciation is extended to Ms. 

Bidhya Pradhan for invaluable help from time to time. 

Staying under one roof for years and interacting with each other by various 

means and learning through discussions, arguments, and friendly advises were very 
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useful and !.acknowledge my friends Ms. Iyatta Maharana, Mr. Nakul Chettri, Mr. 

Ghanshyam Sharma, and Mr. Bhanu Raj Sharma for being very sup~ortive. ( 

I am grateful to Mr. and Mrs. Tenhang Subba, owner of the Trekker's hut, 

K.hecheopalri for being homely during my field visits. Help from Gumpa Amla and 

Golai Amla are also acknowledged. Mr. Norang Subba, Mr. Haman, Mr. Gangay 

Saila, Mr. Tashi .Bhutia and Mr. Norbu Bhutia are thanked for helping during the 

field work. Ms Madhuri Subba's was kind to remove the leech~s after the tedious 

fieldwork. Members from the Khecheopalri Holy Lake Welfare Committee and the 

village community are thanked for th~ir cooperation. 

I take this opportunity to place on record my heartfelt thanks to Dr. A. Dutta, 

Director, Dr. K.N. Nandi and Dr. H. Bahuguna (Geogical Survey oflndia, Gangtok) 

for providing the necessary information on geology. Thanks are ,also due to Mr. 

Tsering Tashi, Deputy Director (Mines and Geology) and Mr. Gut Lepcha, (former 

Field Director) Forest Del?artment for th_eir help in various ways. Dr. A~ K. Kashyap 

and Dr. K.D. Pandey of Banaras Hindu University are helped in the identification of· 

plankton. I am also thankful to Dr. B.B Jana ofKklya~i University, West Bengal for 

providing literatures and methods related with plankton biomass estimation. Prof. 

Kameshower. Singh and Prof Viswanath Singh, Department of Life Sciences, 

Manipur University helped in the identification of insects and fishes. Dr. M.P. 

Thapa, Senior Lecturer, Zoology Depart£nent, Sikkim Government College was 

helpful during the initial part of my research carrier. I am also thankful to Dr. Raj 

Gopalan of Birbal Shani Institute of Paleobotany for doing the radio carbon dating 

of the peat samples and to Dr. Chhaya Sharma for providing me the related 

literature. The staff of Ratan Tata Library (Delhi University), Jawarharl~l Nehru 

University, GBPHIED (Kosi KatarmaO and Kumaon University are highly 

acknowledged for extending the library facilities from time to time. 

It is my pleasure to record sincere appreciation to my dear friends Ms. 

Suhas~ni Kate, Ms. N. Radhika, Mr. Rajesh Bhusal, Mr. R. Purushottam, Mr. S. 

Mallick, Ms. Sangita Giri, Ms. Biji Mathew and Ms. Deepti Sharma for being so 
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kind to provide me support during my need. My thanks are due to my friends from 

Banaras Hindu University Ms. Amita Hedge, Ms Vibha Choudhury, Ms Ipsita, Mr. , 
( 

S.K. Dubey and Ms. Jyoti Anand who helped me by all means during my visit. 

My heart felt gratitude to uncle Mr. S.D. Dhakal, Beputy Secretary, Tourism 

Department and Mr. Raj Singhi from Raj Enterprises who initially inspired and 

showed me the ways to continue my studies. I am very much indebted to my father 

(Late) Mr. D.C. Surana who in spite of his pain and sufferings always encouraged 

me for my studies. I have much pleasure in expressing my gratitude to my 

grandfather Mr. C.M. Singhi and f?r his encouragement and ungrudging help to 

fulfill my objectives. I pay my due respect to my mother Mrs. Laxmi Surana who in 

spite of so much of hardship constantly inspired and helped me by all means for my 

studies. Thanks are due to all my family members for being with p1e during need. I 

am personally thankful to my brother Mr. Nikhil Jain for helping me in so mapy 

ways. 

Lastly, I am thankful to the Biodiversity Conservation Network under 

Biodiversity Support Programme (BSP), USAID -and IDRC-Canada for their 

financial support. 

Tadong, Sikkim 

Dated: 
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CHAPTER I 

( 
The "Himalaya" with its beauty 111 the form of natural-socio cultural 

components has once been regarded as powers and health regaining to 

human beings. A passage in Mahabharata, the religious epic of ancient 

India, describes a Himalayan peak as a refuge of hermits, 'treasury of 

. sacred places' (Van Buitenen 1975). It is regarded as the place of the God 

and Goddess slnce ancient times and are the sites of meditation, because 

of the presence of snow-clad mountains widespread . calmness, 

'~ peacefulness, richness in flora and fauna, clean water and fresh soothing 

air. The mountains especially the Himalaya are sacred to the people of 

India and this highlights the cultural and spiritual factors that profoundly 

influence how people view and treat the ·environment. The value and 

belief associated with major sacred peaks- of the world ·such as "Mount 
. I 

Olympus" of Greece, "T'ai Shan" of· China, "Mount Fuji" of Japan, 

"Taranaki" of New Zealand and "K.ailas" of Tibet underlie many of the 

ways in which members of different societies see the world and their place 

in it. Even the water flowing through many rivers and lakes has a special 

place for their existence and are associated with many legends. 

-;...,, , The Himalaya extending between the latitudes 27° and 36° N and 

longitudes 72° and 98° E forms the northern boundary of the Indian sub

continent. The Indian Himalaya covers an area of 591000 km2 (18o/o) and 

51 million people live here (Palni et al. J 998). It extends about 2500 km 

from west to east with 240-340 km breadth and is broadly classified into 

three different zones, the western Himalaya, the central Himalaya and the 

1· 



eastern Himalaya. The eastern Himalaya is recognized globally as 

biodiversity "Hot Spot". It is endowed with rich biodiversity and harbour~ 

the largest number of endemic and Scheduled I species than anywhere in 

India (MacKinnon and MacKinnon 1986). The eastern Himalaya 

including the states of northeastern India represents the transition zone 

between the Indian, Indo-Malayan, Indo-Chinese bio~geographic realm as 

well as a meeting place of Himalayan mountains with that of peninsular 

India and acts as ,a bio-geographic gate way. The Indian region with a total 

area of3.29 million km 2 is one ofthe centers of diversity (Rao 1995). The 

Himalaya is the major source of water resources in India. There are nearly 

15000 glaciers in Himalaya extending fi·om the state of Kashmir in the 

west to Sikkim in the east and it processes 0.1 cubic kilometer of water 

during the summer seas<?n which is of great economic value (Kaul 1990). 

Various rivers originate from these glaciers from the Himalaya and are 
. 1 

considered holy and these rivei·s feed ·many lakes. The Indo-Gangeti~ 

plain, one of the most fertile regions of India is the boon of Himalaya as it 

supports the cultivation of food grains and water· supply to millions of 

people. In the eastern Himalaya, river Brahmaputra originate from 

Arunachal Pradesh and Tista from Sildcim. The catchment areas have a 

wide variety of ecological habitats that_support an enormous diversity of 

aquatic and ·terrestrial flora and fau_na. The impact of man on the 

Himalayan forest ha~ been steadily increasing because of the stres~ created 

by ever rising population (Singh and Singh 1992). 
I 

The major· Indian rivers that are fed from the Himalaya have been 

found to be carrying huge amount of sediments ·resulting into the 

degradation of soil fertility and landscapes. It has been found that ~ne-
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third of the total Himalayan land is derelict due to poor land maintenance, 

altered agricultural practices like cultivation ~n steep slopes and intensivf 

~land use practices. The total flow of water from the Himalaya tQ the plain 

is estimated to about 8.6 x 106 ham of water per year and the Himalayan 

watersheds have been reported to produce sediment load of 16.4 to 921. 

ton/km2 (Gupta 1983). The annual soil erosion rate in the Himalaya was 

estimated to be 5J33 million tons of which about 29o/o is carried away by 

the rivers into the sea and 1 0~ is deposited in surface storage reservoirs 

(Valdiya 1980). 

1.1 Lake ecosystem 

The great diversity of physiography, climate, soils and biota offers 

unlimited opportunities to understand the functioning of· diverse 

ecosystems. In general, ecosystem approach of a study deals with the 
. ' interaction of biotic and abiotic coinp.onents and various pathways of 

energy and nutrient flow. Lake ecosystem studies mainly constitutes the 

three main components such as the lake water itself, the marshy land 

formed around it and the drainage basin i.e. its watershed which all 

couples and interacts with each other in some or the other way. In recent 

past human pressures have modified or destroyed ecosystems and ramified 

consequences with continued dependence on the functioning of many 

ecosystems. 

The global water resource has been estimated about 1,560,000 km2 

of surface area and their distribution estimates 97.2% by oceans, 2.15% by 

ice caps and glaciers, 0.62% by ground water, 0.009 % by fresh water 

lakes, 0.008% by saline lakes, 0.005% b:y soil moisture and 0.0001 ~ by 
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stream channels (Nace 1964). The global lakes represents a volume of 

~29,000 km3 in which the freshwater lakes cover nn men of 91 ,000 km
2 of 

the total water .of the planet (Keller 1984 ). Although relatively fewer in 

number, 90% of the world's inland surface water supply is shared by 253 

large lakes (Herdendorf 1982). The Nm1hern Hemisphere constitutes over 

87% of all the large lakes and the Southern Hemisphere with relatively 

few lakes found mostly in Africa. Nm1h America possess nearly half of all 

the large lakes but only one third of the world's total surface area for large 
.. 

lakes. Asia with one-fourth of these lakes has over 42% of the lake area. 

~ Africa, the only major locus for the large lakes, accounts for less than one

seventh of the world total lake by area (Herdendorf 1982). India has one 

large ,brackish _water lake called 'Chilka' with an area .of 1170 km
2 

contributing 0.08% of the total area of the world lake area. 

Of the total inland. water sources o~ 7.4 million ha in India, natural 

and artificial lakes comprise about 98%. and 2%, respe.ctively. In general, 

t)atural lakes spread in the colder regions of the country and have been 

estimated to have a total area of 0.72 million ha (Jana 1998). Overall the 

Indian landscape is dotted with 4290 large lakes with innu.merable smaller 

water bodies (Sugunan 1995, Suryanaryana 1996). A large number of 

~- natural fresh water lakes exists in the Himalayan belt up to the altitude of . ) _.. 

5000 m where the climate varies between cold arid in west to humid tropic 

in the east (Fernando 1984, Gopal and Krishnamurthy 1993). These 

natural lakes have been formed by the diverse geological factors, such as 

glacial activity, landslides .and the wind actions. 

Sikkim adorns natural wealth in the form of vast lacoustrine system 

both lentic and lotic. These lacoustrine systems provide a habitat for the 
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rich aquatic biodiversity. There are around 104 streams and rivers forming 

the lotic system with Tista and Rangit as two niajor rivers wit~1 

innumerable tributaries (Tamang 1992). The len tic system comprises of· 

around 150 fresh water lakes (Roy and Thapa 1998a), which are situated 

at different altitudes as a galaxy through out the state. These lakes are 

mostly snow-fed; a few are rain-fed and spring-fed. The lakes in Sikkim 

are famous for wildlife habitat, tourist spots and also possess high 

religious values. They are considered sacred and are highly venerated by 

the ethnics in the state. Some of the important lakes of the state are 

Khecheopalri lake (1700 m asl), Nagi lake (1225 m) Green lake (5091 m), 

Hans pold1ari (3660 m), Chhangu lake (3779 m), Memenchu lake (3800 

m), Lamh pokhari (3850 m), Samiti lake (4100 m), Majur pold1ari (4423 

m), Gurudogmar lake (5399 m), and Chhumzomuichhokha lake (5480 m). 

Most of these lakes are used as halting place by many Trans-Himalayan 
. ' 

migratory birds.· 

Khecheoplari lake in the west district of Sild<.im is regarded as 

"wish fulfilling lake" by the Sikkimese people and many legends are 

associated with its existence. The lake is one of the pilgrimage site and a 

·destination for adventure tourism for both national and international 

~, tourist thus becoming an important source of income generation by the 

local communities. 

The rapidly expanding human and other bovine populatio!l and the 

developmental activities is narrowing the natural habitats that resulted in 

depletion of natural resources. Exploitation of non-timber forest products 

is intense. Heavy influx of tourists ·and other mountaineers has threatened 

the fragility of Himalayan mountains mainly in the form of trash dep9sits 
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and trampling. The adverse impacts arising out of their uncontrolled and 

unmanaged activities are continuously polluting the entire landscape anp 

affecting the lake water as well. The resource extraction, grazing, 

trampling and the conversion of land into agricultural fields are major 

threats that are arising and increasing from population growth and their 

requirements. This unmatched biotic pressure has resulted in the loss of 

native species, sediment runoff resulting in filling up of water bodies· and 

enhancement of nutrients thus threatening the aquatic life. 

1.2 Silddm biodiversity and ccotou.-ism project 

The "Silddm Biodiversity and Ecotourism", was initiated. in the west 
. . 

district of Sikkim and was suppmied by Biodiversity Conservation 

Network (BCN) under the Biodiversity Suppmi Program (BSP), USAID. 

The project was a collaborative effort of the G.B. Pant Institute of 

Himalayan Environment and Development, The Mountain Institute, The 

Travel Agent Association of Sikkim and the Green Circle. The project 

aimed ·to conserve the biodiversity of the proj~ct sites (the trekking 

corridor of Khanchendzonga Biosphere Reserve in Yuksam-Goechha La 

route and Khecheopalri lake) by providing alternative economic incentives 

to the local community. The main project activities included (i) increasing 

community and private ·sector biodiversity conservation initiatives, (ii) 

increase economic returns from community based and TAAS ecotourism 

and (iii) improving and contributing to policy-making on conservation and 

ecotourism. Third activity of the project included the planning, monitoring 
\ 

and applied research at the project sites. 
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The present thesis sought to identify the threats that have effected 

on the longevity of the Sikkim l-Iimalaynn Khecheopalri sacred lake( 

Thesis work was undertaken at the Khecheopalri lake .and the goal of the 

study was to increase knowledge .on the key relationship between habitat 

structure, species composition and its surroundings for biodiversity 

conservation with particular reference to tourism and community involved 

activities. To study the impact of intervention on biodiversity of the 

Khecheopalri lake and its longevity, th~ ecosystem approach of the study 

has been undertaken with the watershed as a support system to the lake. 

Lake nutrient dynamics and its trophic status have been dealt in detail in 

relation to the disturbed land use of the watershed and other related biotic 

pressures. The peatland as the inter-linking system in between the open 

water surface of the lake and the watershed forest has been stvdied in 

relation to its role as filtering interface for the incoming sediments to lake. 
. ) . -

The cultural and spiritual aspects were always kept in mind while 

conducting the field studies. Beliefs and sentiments of the local 

communities were always respected and appreciated and all the field 

studies of the lake, peatland and watershed were planned accordingly. 

1.3 Core hypotheses 

Watershed management regimes and land-use practices will directly 

determine the longevity and quality of Khecheopalri Lake, by inducing 

changes in natural erosion and sedimentation processes and rates.· 

• Hypothesis I - Heavy grazing and fuelwood extraction poses a lesser 

threat to Khecheopalri lake than agricultural land-conversion. 
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• Hypothesis II- K11echeopalri lake's longevity is a function of the kind 

of land management regime present 

1.4 Objectives 

• To study the hydro-ecological.parameters such as overland flow, soil 

erosion and nutrient loss, and sediment concentration in runoff water 

· on land-use basis. 

• To study the boggy area for it's role in filtering the incoming 

sediments from the runoff water and maintaining the health of the lake. 

• To study the floral vegetation on marshy land of the lake and 

surrounding forests to understand the impacts of timber, fuel wood and 

fodder extraction, agricultural practices and grazing. 

• To study the soil profile in boggy area and forest and' estimation of 

nutrients from different sites in order to know the rate of siltation and 

nutrient flow. 

• To study the ecological behaviour of the lake in relation to physico

chemical and biological parameters. 

• To study the impact of tourism and religious activities like annual 

festival on the bio-physical environment and socio-economic issues in 

the K11echeoaplri lake area ·• 
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Studies o~ lakes have been made since a very long time as water is a vital 

resource for all kinds of living organisms. It. is a medium for life 

processes, and source of nutrients and oxygen to the . atmosphere. The 

global water cycle disruption is the fundamental cause of human 

disturbance. Changes in land use/cover and enhanced green house 

warming are recognized as criti~al factors governing future availability of 

fresh water. Lake ecosystems are linked to other ecosystems in the 

lithosphere and this linkage depends entirely on drainage basin. A number 

of ecosystems such as marshy land and lake interact with each other based 

on drainage basin in relation to its biochemistry and metab~lism forming 

'ecocomplexes'. 

Geohydro-ecology 

Monitoring of the drainage basin and its interaction with land use 

components is very much important for understanding the functional 

aspects of a lake or any aquatic body. Rawson (1939) gave a constructed 

diagram to display the multitude of factors that interact with lake. Aquatic 

ecologists have a rich .history, including landscape perspective and 

theories about lakes. The landscapes and their its geology provide critical 

insights into differences among lake types that led to trophic classification 

(Wetzel 1983). Klinger and Erickson (1997) have undertaken the coupling 
' 

of the terrestrial and marine ecosystem. Kratz et al. ( 1997) provided an 

intriguing demonstration within the regional flow regime which can affect 

physical, biological and chemical properties of lakes. Lake ecosystems are 
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intensively coupled with and dependent on their geological and 

morphological situation, on the climatic factors during their developmeny 

on the state and type of drainage area, and on the amount· of sediments and 

nutrients washed into the waters. Vegetation composition, structure and its 

association in the drainage basin has been an important attribute for the 

management of an aquatic ecosystem. The role of forests as filter for the 

nutrients and sediments has been well explained by Edward ( 1988). 

Anderson and Hobba (1959) concluded . that vegetation exploitation 

increases floods from the watershed and the peak discharge decreases as 

,____.. the forest regrows. The studies on the hydro-ecological characteristics 

including the slope, land use practices and the .vegetation composition are 

important to identify the threats that pose detrimental effect on the aquatic 

water bodies and their longevity. The work· undertaken by Bren and 

Turner (1979) and Waring et al. (1981) gave an insight account on soil 
\ 

losses from the system along.with overland flow. The partitioning of the 

precipitation into various pathways is important in hydrological cycles and 

it has been well explained by Kimmins (1973). Reports on sediment flow 

to the aquatic water bodies are available (Milliman and Meade 1983). 

Brooks and Peter (1995) have taken up the integrated watershed 

management approach. The biomass and productivity potential of the 

temperate forest (Rodin and Bazilevich 1967), ecosystem productivity 

(Binkley and Arthur 1983) and age pattern of trees and occurrence of 

opportunistic species due to environmental conditions (Wilson 1991) are 

well documented. 

There has been a growmg interest among the common people, 

planners and re§earchers about the importance of understanding ,physical, 
/ 
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chemical and biological attributes on functioning of drainage in view of 

the proper management strategies for catchment areas (Sharma et al( 

1998). The factors leading to depletion of the mountain ecosystem need 

conective measures through identification of various resources, their 

utilization pattern, consequences and quantification of the extent of the 

problems through scientific planning and rneasuring the nature, extent and 

characteristics of resources depletion (Sharma and Dixon 1995): A 

multidisciplinary integrated approach towards watersh~d management was 

lricd in Kali ri vcr walcrshcd of llw ccnlral llimulaya (Uurman 1 ~~ 1 ). The 

rate and volume of river sediment delivered to ~etlands depend partly on 

the erodibility of the_ upland basin and in part on the magnitude and 

frequency of precipitation and there is several fold acceleration in the 

runoff if the watershed is disturbed (Ambasht 1996, 1998). Gupta (1983) 

has estimated the total annual flow of water from the Himalaya to the 
\ 

plain. The Himalayan mountains having poor forest cover, steep slopes 

and human related activities contributes a huge amount of runoff water 

and sediment load in the rivers, streams and lakes of Indian subcontinent. 

The importance of ground vegetation in protecting the. top soil removal 

has been well stated by Melkania and Singh (1989) and Ambasht (1996). 

The species composition, forest structure, regeneration and the biomass 

production have been studied by numerous workers (Ralhan et al. 1982; 

Negi et al. 1983; Saxena and Singh 1982; Singh and Singh 198~; Saxena 

et a/.1984; Sukhla and Ramakrishnan 1984; Khan and Tripathi 1987; 
• Singh and Singh 1987; Rawat an? Singh 1988; Sundriyal and Bisht 1988) 

in the central Himalaya. · Similar work has also been undertaken in the 

Sikkim Himalaya by Sundriyal et af.. (1994) and Sundriyal and Sharma 
/ 
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( 1996). Investigations on the forested watershed dealing with ecological 

aspect with overland flow, nutrient loss and throughfall precipitation havr· 

been done. by Pandey et al. (1983), Pathak (1983)and Singh et al. (1983). 

The hydrology of a high altitude forest in the central Himalaya has been 

studied by Negi et al. (1998). Bio-geochemical studies in lesser 

Himalayan lakes have been carried out by some workers (Das et.a/.1995, 

1998; Singh and Das 1995). 

Ecological impacts are quiet apparent in the watershed level due to 

utilization of natural resources and their integration with socio-economic 

demands which revealed the stresses on the resources (Sharma et al. 1992, 

1998). The sediment accu,mulation through 210pb method was studied by 

Das and Singh.(l994) and in Kumaon lakes by Das et ci.l. (1994). Natural 

resource management using watershed approach in the Mamlay watershed 

of South Sikkim provided a new dimension of management in the hills 
. \ 

(Sharma et al. 1992). Sundriyal and Sharma (1996) emphasized the need 

of identifying the optimal level of forest resources for sustainability. 

Extensive works on the hydrology on watershed approach in the Mamlay 

watershed of South Sikkim has been undertaken by Rai and Sharma 

(1998a, 1998b ). 

Limnology 

Lakes are classified as tropical, subtropical, temperate, sub polar and polar 

lakes (Forel 1892; Yoshimura (1936). Hutchinson (1957) developed 

detailed classification systems for the origin of lakes. Extensive studies on 

the water quality of closed basin (Plass 197 5; Tundisi and Saij o 1997) are 

· well documented. The biogeochemistry of a cirque lake has been well 

' 
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studied by Michael et a!. ( 1997). European lakes . are classified i_nto 

different trophic classes in relation to the planktonic biomasf 

(Vollenweider 1968) and comprehensive study of the dystrophic 

ecosystem has been carried out (Schalles 1989; SchaBes and Shure 1989). 

The inland aquatic ecosystems comprise less than 1% of the earth surface, 

but ollen are among the most productive areas. Many of these water 

bodies have undergone dramatic change which is beneficial to mart for 

short term but in the long run it has been detrimental in various ways and 

has reversed effects (Likens 1975). The phytoplankton community is the 

most widely distributed primary producers on our planet. The potential 

habitat for the phytoplankton covers 70% of the earth's surface and has 

maximum vertical extent of ca. 200 m. Nevertheless, oceans contribute 

only 30 to 50% of the global primary production (Koblentz-Mischke et al. 

1970; Parsons et a/. 1984). The model for the eutrophication with 
\ 

reversible and irreservible change has· been- given by Carpenter et al. 

(1999) .. A major challenge of ecology is to determine the degree to which 

primary producers are controlled by consumers or resources that are 

available in the system (Carpenter and Kitchell 1992; Strong 1992; 
I 

Michael et aL 1997; Vanni and Findlay 1990; Vanni and Layni 1997). The 

food chain has strong linkages with trophic status (Newman and Shalles 

19~0). 

Indian civilization is closely linked with rivers, lakes ai_td ponds. 

Some of the large lakes and man-made reservoirs of India listed in the 
' 'Wetlands of India Directory' has been published by the Ministry of 

Environment and Forest (1990). History of the studies on the aquatic life 

in India can be traced back to 19111 century when survey on fish fauna was 
' 
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made (McClelland 1839; Hamilton 1822). The survey on water quality 

related with its habitat characteristic and their relationship was discussed 
. ( 

earlier by Prasad (1916). The Yale North Indian strengthened the 

foundation for detailed limnological works (Hutchinson I 933, 1937). The 

work on limnology took a momentum after the independence but the 

coupling of the terrestrial and aquatic ecosystems for the lake studies has 

been only fragmentary. The watershed approach of the studies has not yet 

become familiar because of the fragmentary and sectoral work done by the 

various workers. The landscape ecology .has not been considered for the 

lake ecosystem studies, however, huge work has been undertaken on 

sectoral basis considering · the lake and the forest. The linkage part 

between these two sectors has been missing in various lake studies. 

In India the extensive studies on water quality of a closed basin has 

been done by many workers (Zutshi et a!. 1972; Kaul 1977; Zutshi and 
. ) 

Khan 1977; Zutshi et al. 1980; Gopal et,al. 1981; Purohit and Singh 1981; 

Rao et al. 1982; Pant et al. 1985; Trisal 1987; Ishaq and Kaul 1988; Go pal 

et al. 1988; Kaul 1989; Lakher et al. 1990; Khuble 1992; Gopal and 

Sharma 1994; Joshi and Sundriyal 1995; Kundangar and Sarwar 1997; 

Jana 1998). Comparative studies .on lakes and reservoirs of India with 

those in other tropical countries are reported by Serruya and Pollingher 

(1983). The lake ecosystem with emphasis on Himalyan.lakes has been 

studied by Zutshi (1985). Recently, Jana (1998) has summarized the 

limnological data for about 60 lakes and reservoirs of India. The aquatic 

habitats and their biota have been extensively studied· since early 19111 

century, and interest has grown rapidly in recent years due to rising 

demand for water and fish, and the need for rnanaging the w~ter quality. 
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Venugopalan et al. (19.98) has stated the eutrophication processes of lake 

and fish- kill' by aquatic birds. The work _on biology and populatio~, 

ecology was undertaken by a number of workers (Jana 1973; Murungan 

and Venkataraman 1977; Jana et al. 1980). The aquatic productivity in the 

fresh water was studied by Sreenivasan (1_964) along with limnology and 

physicochemical parameters and also aquatic biodiversity in number of 

lakes. Phytoplankton (Zafar 1966; Munawar 1970, 1974; Kaul 1977; 

Sharma 1980; Pant and Joshi 1987; Mahajai1 1989; Sarkar and Janal995) 

and zooplankton (Sharma and Pant 1979,1984; Pant et al. 1985; Yusuf 

1989; and ·Arunachalam et al. 1997) of Indian lakes are well studied. 

Transistional zones/environment 

Marshy or swampy areas are neither considered fully as aquatic nor 

terrestrial, and possesses characteristics of both the environmental set up 

and are often stated as wetlands. The dual properties of wetlands are 

interesting and researchers are showing increasing interest on their study 

as they· also constitute rich biological diversity. They are universal in 
.., 

occurrenc_e and cover 7 to 8 million km~ area which is quite less but due to 

biological productivity they have great ecological and economic 

impmiance (Ap1basht 1998). Wetlands play critical role in maintaining 
I 

and improving water quality, mitigating floods, recharging aquifers and 

providing habitat for fish and wildlife. Historical losses of the wetlands 

- have been large and the remaining areas, even protected from co-nversion 

to other land uses, are often subjected to serious developinent related 

pressures. Deforestation in surrounding watersheds and impoundments by 

dams or construction of dikes, alter sediment loads and flooding regimes 
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(Petts 1984 ). Mitsch and Gosselink ( 1993) have studied some marshy 

lands which develo1Jed into peatlands through various processes. The)}'' 
' . I 

have given 26 list of common· names of different kinds of wetlands. 

Peatlands exist throughout the world, but particularly in · northern 

temperate and boreal latitudes are common feature of the glaciated 

landscapes (Curtis 1959; Larsen 1982) and covers about lo/o ofthe earth's 

surface, or about 150 million hectares, mostly in the former Soviet Union, 

Canada, and the United States (Moore and Bellamy 1973). Peatlands have 

developed in northern latitudes around the world since the . retreats of 

Pollen trapped in peat throughout the development of peatlands provides a 

record of climatic and vegetational change on a worldwide basis. Post 

glacial archeological information has been uncovered from accumulated 

peat. People have been found buried and preserved intact, for 2,000 years 

in European bogs (Godwin 1981 ). Extensive areas of bogs and fens occur 
l 

in Scandinavia, Eastern Europe, West Siberia; Alaska, Labrador, Canada 

and the north-central United States. Canada and Soviet Union have 1 

million km
2 

out ofthe total 5 million kn} ofpeatland of the world (Moore 

and Bellamy 1974). Bogs and fens have been well studied and described 

on a worldwide basis and have been documented by Sjors (1961), Reader 

and Steward (1972) and Mitsch et al. (1994). 

In India 32,000 ha of peatland are repmted (Bord na Mona 1984) 

but no detail study has been attempted except the listing of peat. forming 

locations by Scott (1989). A few studies on vegetational history with . 
pollen analysis of some marshy land in ~ridia has been undettaken by 

Sharma (1985) and Sharma and Singh (1974). 

Godwin (1978) classified peatlands into two categories of w~ich 
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one is 'fens' which developed under the influence of mineral rich, aerated 

ground water dominated by grass like plants mostly sedges and developer 

into coniferous swamps, and the other is 'bog' which are acid peatlands, 

poor in minerals and raised above the influence of ground water by the 

accumulation of sudden anaerobic peat. Development of the bog has long 

been well understood several decades earlier (Frolik 1941, Dansereau and 

Segadas-Vianna 1952, Godwin et al. 1957, Gorham ·1957, Heinselman 

1963, 1970, Clymo 1983). Crum (1988) provides an excellent history of 

the study of bogs in the United Kingdom from a historical and 

archeological viewpoint. The bog climax hypothesis is well studied by the 

fossil records and stratigraphic pe,£it evidence by Klinger et al. ( 1990). A 

study on the successional pattern of the vegetation, which includes the 

classic hydrosere succession has been done in the western countries by a 

number of workers (Clements 1916, Frolik 1941, Gates 1942, Conway 
\ 

1949; Whitford 1949; Kratz and DeWitt f986). The bog succession 

through terrestrialization and the paludification has been well explained 

by Klinger (1996a) in southeast Alaska. The limnology of the wetland 

(Richardson et al. 1978, Schalles 1989) and coupling of soil and 

vegetation (Klinger 1996b; Christopher and Richardson 1997) are 

available. The nutrient dynamics of the peatland are important in lake 

ecosystem (Moore and Bellamy 1974; Forrest and Smith 1975; Kadlec 

1976; Davis eta!. 1978, 1983; Prentki eta!. 1978; van 'der Valk et al. 

1978; Mitsch and Go~elink 1993; Proctor 1995). Tl;1e relationship between 
~ 

primary production and peat accumulation has been explained by several 

workers (Reader and Steward 1972; Bradbury and Grace 1983; Forrest 

and Smith 1975; Reader 1978) and particularly the ecology of the 
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Sphagnum moss by Clymo and Hayward (1982). 

Biotic pressure 
/ 
I 

Water bodies especially the lakes are major attractions for tourists. For 

recreation all over the world, there are thousands of picnic spots on the 

margins of lakes where 'large number of tourists enjoy. Tourism on 

account of wetlands brings millions of dollars. The pilgrimage and the 

sacred sites in mountains frequently draw the interest of the trekkers and 

tourist seeking colorful sights and inter~sting experiences, not only the 

beauty of these sites but also the festivals and the biodiversity associated 

with them are the major tourist attractions (Bernbaum 1997). The 

environmental impact assessment of the Himalayan belt with special 

reference to disturbance due to human pressure has been· well dealt by 

Ahmad ( 1993). With the rapid growth in human population, increase in 

industrial activity and consequent demand of water, the water bodies both 

lentic and lotic are becoming increasingly polluted by domestic wastes 

and agricultural runoff (Gopal and Zutshi 1998). The limnological study 

gains new impetus with growing realization that large-scale human 

alteration of landscapes has widespread negative implications for the well 

beirig of aquatic ecosystews (Naiman et al. 1995). Changes in land 

use/cover due to increasing human and livestock population and economic 

development in the mountain regions are becoming· central issue of 

concern in the perspective of global environmental change. Indis.criminate 

clearing of foresn and resource extraction have led to a great loss of 

biodiversity and depletion of' forest resources, thus affecting stream flow 

regimes (Hamilton and King 1983, 1988). Hamilton and Bruijnzeel (1997) 
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have analyzed the mountains as the integrated system with biotic pressure. 

Rai and Sundriyal ( 1997) has given the positive and negative impact of 
tourism in the Sikkim state. 

Limnological research in Silddm 

Although there are 150 lakes all .over the state only preliminary and 

fragmentary reports on the lakes of Sikkim Himalaya are avail~ble 

(Bhasin 1984; Roy and Thapa 1998a). Tamang (1994) has dealt fish fauna 

on lotic water bodies of Sikkim. A prelimi~ary attempt on limnological 

work on Khecheopalri lake has been done by Roy and Thapa ( 1996, 

1998,b ). Their work is confined to lake nutrient dynamics and listing of 

few species only. No attempt has been made to understand the lake on a · 

holistic approach considering its support system. The state· is still virgin 

with respect to indepth research in terms of hydro-ecology. Therefore this 

study was planned to. r understand the functional roles of watershed 

uplands, drainage basin and land use practices on the longevity of a sacred 

lake in west Sikkim • 
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( 

3.1 Sikkim 

Sikkim, the 2211
d state of India, with an area of 7,069 km2 and a 

population of 4,05,505 (1991 Census) lies in the eastern Himalayan belt. 

It is situated between 27°412611 and 28°i 4811 N latitude and 88°5512511 and 

88°581 E longitude, nnd encircled by the Kingdom of Nepal on the west, 

Bhutan and Chumbi valley of Tibet (China) m the east, 

Darjeeling-Gorkha Hill Council of West Bengal in the south, and the 

Tibetan Plateau of China in the north. Administratively, the state has l:Jeen 

divided into four districts i.e. East, West, North and South, with Gangtok 

as the state capital. Topography of the state looks like an amphitheater 

·with the elevation ranging from 310 to 8598 m asl in less than one 
' hundred kilometer stretch. 

The climate in Sikkim varies from area to area due to variation in 

topography, landscape and nearness to snow clad mountains. The climatic 

data for a temperate site was recorded at Pangthang at the G.B. Pant 

Institute of Himalayan Environment and Development complex using 

automatic weather station during 1994-1996. Average annual rainfall was 

3 771 mm and 70% of this rain occured during monsoon season. The daily 

annual temperature varied from 2.6°C during January to 23.7°C during 

July at different seasons of a year. The relative humidity ranged from 

· 73% in April to 97% during July. 
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Twenty-six biodiversity hotspots have been identified in India and 

Himalaya is one of them (Khoshoo 1991 ). The eastern Himalaya if 

regarded as the "Mega Hot Spot" and Sikkim falls within this with 42% 

of its area under forest cover (Sudhakar et al. 1998). Protected areas in 

the state constitute about 40.7o/o where Khangchendzonga Biosphere 

Reserve and five wildlife sanctuaries viz. Singhba Rhododendron 

Sanctuary, Khyanongsla Alpine Sanctuary, Fabongla Wildlife Sanctuary, 

Maenam Wildlife Sanctuary .. and Varshey Rhododendron Sanctuary 

exists. These areas depict high biodiversity of the state: High mountain 

peaks characterized the area where the world's third tallest mountain 

peak, Mt. Khangchendzonga (8598 m), in the world exists with beautiful 

snow covered range. The other peaks of interest are Mt. Siniolchu, Mt. 

Narsing, Mt. Pandim, Mt. Simvo, Mt. Kabur and Mt.Talung. 
-

Religious festivals and folk dances are a common feature seen very 

often in the state due to diverse culture and ethnicity. Sikkim is also the 

site for pilgrimage hence the prayer flags. can be seen almost anywhere in 

Sikkim on hill tops as an integral part of the landscape. The major ethnics 

of Sikkim are Lepchas, Bhutias, Nepalese and Limboos. Agriculture and 

animal husbandry are primary occupation of the people and their 

economy is mostly dependent upon it. Cardamom and ginger are the main 

cash crops. In recent years the state have become an attractive destination 

for visitors for its high biodiversity, unique landscapes, cultural and 

religious diversity, and it forms an ideal situation for religious, 

recreational and adventure tourism. The inflow of tourist IS high and 
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around 13 6,144 domestic and 7266 international visitors arrived in the 

state during 1998. ( 
The state has rich network of both lentic and lotic water bodies. 

The lotic waterbodies constitutes two important rivers i.e. "Tista" and 

"Rangit" with innumerable tributaries (Tamang 1992). The state is rich in 

lentic water bodies with 150 lakes situated all over the state (Roy and 

Thapa 1998a). The west district in particular has good network of water 

bodies. The important rivers in the district are Rathangchu, Rimbichu and 
\ 

Ramam khola, which ultimately merge in Rangit a tributary of Tista. 

There are around 20 lakes that are mostly ,situated on the southwestern 

part of the Khangchendzonga Biosphere Reserve. The famous lakes are 

Khecheopalri lake (1700 _m asl), K.athok (1650 m)," Tshoka lake (3000 m), 

Laxmi pokhari (3950 m), Lamh pokhari (3850 m) and Samiti lake (4100 

m). K.hecheopalri lake which is situated af the-opposite hill of Yuksam, is 

approachable from Pemayangstey as well as Yuksam. These lakes are 

sites of pilgrimage and also forms major attractions for visitors. 

3.2 Khecheoplad Lal{e 

3.2.1 Sacredness and legends 

Many legends and belief are associated with the formation, existence, 

and sacredness of the "Khecheopalri lake". The lake is situated in the 

west district of Sikkim which ·falls under the sacred landscape 

"Demazong", a land of hidden treasures. It has been narrated during PRA 

(Participatory Rural Appraisal) exercises with the local. communities· at 
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Khecheopalri and Yuksam that Guru Padmasambhava, who is highly 

revered and worshipped by Sikkimese Buddhists was ·seen in a place' 
. I 

called 'Hungri' in the 10111 day of full moon of lunar eclipse. It is believed 

that the entire area was blessed by him. Four famous religious sites of this 

sacred landscape have been considered the four plexus of the body where 

Khecheopalri is one of them. Khecheopalri symbolises the t~orax o~ the 

body (Khecheo-Flying Yoginies or the Taras; ·palri-palace) whereas the 

other three i.e. Tashiding symbolizes the head plexus (Tashi-holy sky; 

ding-islnnd), Yuksum symbolizes the third eye (meeting plnee or three 
. . 

lamas) a place of meditation, and the Pemangstey the heart plexus (Pema-

lotus; ngstey-center) of the body. 

The most sacred among all lakes and highly revered by the local 

people is the lake "Khecheopalri" captivated by the magnificent beauty 
' . 

owing to lush green tract of forests (Photo plate 1 ). The place is dominated 

by the Lepcha comn1unity, aild are the aboriginals of Sikkim. They 

followed 'Bon' or 'Mune' religion and indulged with the animal 

sacrifices (animism) to placate the various deities of forest, river and wind 

(Gawloog 1998). Pres~ntly they follow Buddhism and animal sacrifices 

are not common. But still the strong relationship with the nature was 

observed in their belief of sacredness associated with the Khecheopalri 

lake. The lake is originally named as Kha-Chot-Palri meaning the heaven 

of Padmasambha. It is the place where Guru Padmasambhava preached 

64 yoginies. According to Buddhist, the lake is a dwelling place for the 

Goddess Tara Jestum Dolma, who is the mother of Lord Buddha and 
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particularly the Khecheopalri lake is consider,ed to be her footprints. The 

people also worshipped the lake as "Cho Pema" the female Goddess. It-
' has number of religious sites located all around the lake. Holy caves 

namely Dupukney, Yukumney and Chubukney are present where lamas 

incarnate and Rimpoches mediated. Foot prints of Macha Zemu 

Rimpoche can also be seen on a stone near the chorten. Two monasteries 

are present in the Khecheopalri area where the pilgrims and the local 

·communities offer prayers. The .Hindus believe that Lord Shiva meditated 

in the Dupuknay cave located just above the Khecheoplari lake; hence the 

place is also worshipped during 'Nag Panchmi'. 

As per the popular legend, it is said that there were two sister lakes 

·in the northwestern part of the Himalayas. The elder lake is still present 

there but the younger lake migrated to western part of Sikkim in a place 

called Yuksam and settled in ~abding pokhari. The people in Yuksam 

(the first capital of Sikkim) did not respect the Labding pokhari and 

disposed wastes into the lake water so goddess got dismayed and flew to 

the place called Chojo where it could not fit and hence again shifted little 

above in the present place called Khecheopalri. Still the dead Chojo lake 

is seen at the down hill with no open water surface except the marshy 

land with terrestrial .vegetation (Photoplate 1 ). 

The other legend states that the lake is called "Chho" as many years 

back, some Bhutia communities had settled around the lake 

Khecheopalri. They had herds of cattle that grazed in the dense forests 
I 

around the lake. One day a- white holy ox came out of the lake called 

24 

\ 

\ 



------.. 

Chholang (Chho-lake, lang- ox), which was sent by the lake goddess. 

This white ox started to graze around the lake and finally mingled witp 

the herds of cattle that belonged to the Bhutias. When the owner noticed 

a foreign anirrtal in his herd, he tried to locate its owner: Eventually not 

knowing to whom this white ox belonged he slaughtered the animal for 

its meat and was surprised to notice that instead of blood a whitest milky 

discharge oozed out. He washed the discharge, cooked the meat and had 

a great feast with his friends. After that he realized that all his cattle and 

Bhutia communities in the locality started to vanish one by one facing 

strange· ailments. It is believed that in this way the entire Bhutia 

community vanished from the Khecheopalri village. Now, mostly 

Lepcha settlement is found around the Klwcheopalri lake and a very few 

Bhutias who married Lepchas are believed to have survived the dreadful 

curse. 

The other story said that the Lepcha girl 'Nenjo Asha Lham' was 

blessed by the lake goddess and was given a precious gem, which was 

unfortunately lost by her mother. Till today people believe that the gem is 

treasured around and wishes are made at this lake for whatever a person 

desires. Many have been blessed and strong belief persists with the local 

and pilgrims visiting the lake. The Khecheopalri lake is therefore famous 

as the "Wish fulfilling lake" or shortly "Wishing lake". The local people 

has a belief that the lake is having a healing property as well. 

Besides folklores, there are a number of religious festivals 

associated with the lake. The htes and rituals are performed according to 
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one's wish but the regular rituals are performed in the full moon and hew 

moon days. The two main festivals associated with the lake are "Cha..: 
I 

, Tsho" that falls in the month of October and "Bhumchu" in the month of 

February/March. 

Touri'st attractions as fishing, boating and sw1mmmg are strictly 

prohibited in the lake by the local communities, but the unrevealed scenic 

beauty of the lake makes it a site for major tourist destination. The local 

belief and traditions has kept the lake water not to be used for any other 

purpose except for rites and rituals but the. watershed forest is neglected. 

T~1e otTerings made by the pilgrims and the tourists in the lake water has 

also some negative impacts on the lake health. 

3.2.2 Physical features 

3.2.2.1 Location, lake ~orm~tion and phrsiography 

K.hecheopalri lake is situated 14 7 knY away from the capital town of 

Gangtok. It is situated at 27°2i2411 N latitude and 88°1213011 E longitude 

at an altitude of 1700 m asl. The lake represents the original neve region 

of the ·ancient hanging glacier being formed by the scooping action of the 

glacier and a nioraine ridge is seen lower down forming the southern bank 

of the Lethang valley (Raina 1966). The lake has been estimated to be 

more than 3500 years old. 

The lake is surrounded by forested Ramatn watershed (12 .km2
) and 

falls on the. southern limit of Khangchendzonga Biosphere Reserve 

(Buffer Zone IV) limiting on the RF boundaries of Khecheopalri. It has an 
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open water surface area of 37,900 m2 with a mean water depth of 7.2 m. 

The lake is well drained from the watershed with internal seepage, flow' 

from 2 perennial and 5 seasonal inlets and outflow through the one major 

perennial outlet. The lake drainage area constitutes 91 ha out of which 68 

ha falls in the inlet streams coming from the watershed and 23 ha falls 

directly to the lake which brings the sediments and nutrients to the lake 

(Fig 3.1). An aquifer is expected to be opening at the lake bottom. The 

lake is a halting place. for Trans-Himalayan migratory' birds. These 

migratory birds visit the lake during winter season from November to 

March. This lake side provides recreational tourism besides pilgrimage 

and some visitors go to different locations in Khecheopalri area on 

trekking. 

The lake is surrounded with marginal vegetation forming "Kettle 
l 

hole bog" dominated by species of Sphagnum. The bog has an area of 

70,100 m2 with the peat formation of around 2-5 m depth. The 

morphometric data of the lake, bog and its watershed are presented in 

Table 3.1. 

3.2.2.2 Geology 

----- The West District of Sikkim 1s located in the ·lesser Himalayan Zone. 

During the early period of the geological history, deep water marine 

sediments exhibiting considerable faces variation were deposited over the 

major part. of the district and were later subjected to repeated folding, 
' . 

faulting and thrusting movements. The different epochs of accumulation 

of sediments, their conversion into rocks of different types, uplift and 
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subsequent erosion repeated over mill.ion of years, eventually gave rise to 

the present deposition of the different types of rocks. Three groups of 

rocks have been recorded in the district namely, the DmjeeJing group, the 

Daling group and the Gondawana group. The Dmjeeling group of rocks 

occupy the southwestern part of the district that encompasses the 

Khecheopalri lak~ watershed. This group comprises the high-grade 

gneisses containing quartz and feldspar with streaks of biotite (Geological 

Survey of India 1984). 

3.2.2.3 Soil 

The lake watershed has been disturbed by the pressure of grazmg 

agricultural land use, fodder and fuelwood collection and land slides. 

Hence, the soil analysis was done for two sites considering· disturbed and 

relatively undisturbed sites. The soil of the area was sandy loam in nature. 

' The soil texture showed that the perQentage of gravel was higher in 

disturbed site (20.08%) than the undisturbed site (18.87o/o) which 

decreased with depth. The percentage of the clay was lower in the 

disturbed site compared to undisturbed site. Proportion of the sand 

increased in disturbed condition compared to undisturbed site. Trampling 

by the grazing animals was the main cause of change in soil texture at 

disturbed sites. Soil texture of lake watershed is presented in Table 3 .2. 

Soil inoisture increased with depth. from 27.1% to ~0.9% in 

undisturbed site and decreased with depth in disturbed site from 23.9% to 

' 21.6o/o stating the low infiltration rate in highly disturbed site and higher 

runoiT. Bulk density showed a marked ditTerence in the two site 
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conditions. The lower values were obtained in undisturbed sites compared 

to the disturbed sites where the soil was more compact. Soil was acidie' 
' I 

and pH ranged from 5.5 to 5.9. Organic carbon, total nitrogeq and total 

phosph?rus were higher in the ·undisturbed sites compared to highly 

disturbed sites. Total nitrogen and organic carbon decreased with depth in 

both the site conditions whereas the total phosphorus increased with 

·depth in both the sites (Table 3.2). 

3.2.3 Climate 

,-------- 3.2.3.1 Rainfall 

The climate of this area is moonsonic and classified into three seasons 

viz., spring (March-May), rainy (Ju_ne-October), and winter (November

February). Although the climate is monsoonic, the distribution of rainfall 

is highly inf1uenced by the complex1 topography and the region 

experienced frequent rainfall of varying intensity and duration. The bulk 

of the rainfall (85%) occurs in the rainy season. The winter months 

receive very scanty rainfall. Rainfall peaked during July in 1997 and 

August in 1998. During July and August more than 30% of rainfall was 

recorded during two years of the study period. The average annual 

precipitation was 3899 m111 in 1997 and 3776 111111 in 1998. The temporal 

distribution of rainfall during 1997 and 1998 _are presented in Fig. 3.2. 

3.2.3.2 Temperature 

The study area falls in a temperate belt and typical temperate climate 

prevailed. Maximum temperature ranged from 4.3 °C in January to 23.9 
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°C in July-August during 1997-98. Minimum temperature varied between 

2.7 °C in January to 17 °C in August in 1997-98. Highest temperature' 

recorded was 24 °C in August and lowest of 2.5 °C in January during the 

study period. Temporal variations in mean maximum and minimum 

temperatures are presented in Fig. 3 .2. 

3.2.4 Lake, bog and watershed vegetation 

History on the vegetation of the surrounding Khecheopalri forest showed 
I 

that around 2500 years ago the lake watershed had dense mixed broad

leaf forests and poorly developed ground vegetal growth. The Pollen 

analysis of a sedimentary profile from Khecheopalri lake with three 14C 

dates i.e., 2280±110 years B.P., 2380±110 years B.P. and 1680±130 years 

B.P. at different depths (C. Sharma 1996, personal communication) 

showed exceedingly high pollen values 0f Quercus, followed by Alnus 

and Pinus and other arboreal elements. Presently the .forest is highly 

disturbed with dominance Qf Castanopsis tribuloides, Machilus. edulis, 

Symplocos theifolia, Ewya acuminata, and Viburnum cordifolium. The 

Quercus, which was a dominant species around 2500 years ago, has a 

mere presence now. The dominant ground vegetation of the forest 

inauded Elatostema sessile, Brachiaria eruciformis, Selaginella sp., 

Plantago erosa, Oenanthe thomsonii, and Cyperus rotundus. Important . 

·climbers in the forest are Piper sp., Rhaphidophora glauca, Smilax 

zeylanica, Stephania rotunda and Citrullus colocynthis and epiphyte 

recorded was Vaccinium vacciniaceum. 
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The bog around the lake showed a wide spectrum of vegetation 

ranging from hydrophyte to terrestrial and algae to angiosperm. The bog' 

is dominated by Sphagnum spp. with other species such as Brachiaria 

erLf:ciformis, Acarus calamus, Sciccharum sp., }uncus sp., Polygonum sp., 

Oenanthe thomsonii and Fimbristylis sp. The dominating shrub species in 

the bog included Rhododendron lindleyi, Arundo· donax, Vaccinium 

nummularia, Berberis wallichiana, Viburnum cordifolium and Aconogom 

mol/e. A few tree species that have regenerated in the bog forest edge are 

Machilus edulis, Magnolia campbellii, Acer sp., Castanopsis tribuioides 

and Alnus nepalensis. 

Some hydrophytic plants and plankton were recorded from the lake 

water during the course of the study period. The plants recorded were 

Aporwgeton monostachyon, Ceratophyllum sp., Monochoria vagina/is 

·and Scirpus sp. Dominating phytoplanktob recorded were Spirogyra sp., 

Mougeotia sp., Cosmarium sp., Euastrum sp., with a few zooplankton 

such. as Arcella sp., Difjlugia sp., Keratella sp., Notholoca sp., Cyclops 

sp. and Zonomyxa species• 
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Table 3.1 Morphometric data of the K.hecheopalri lake and its watershed 

/ 

Parameters Values 
I 
I 

Latitude (North) 2r22'24" 

Longitude (East) 88° 1213011 

Altitude (m) 1700 

Open water surlltce area (m 2
) 37,900 

Maximum water depth (m) 11.2 

Minimum water depth (m) 3.2 

Mean water depth (m) 7.2 
-"----~----

Estimated water volume (m3
) . 2,72,880 

Boggy area (n/) 70100 

Total bog and lake water area (m2
) 1,08,000 

Total Ramam watershed area (knl) 12 

Watershed area falling directly to lake.and bog (ha) 91 

' 
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Table 3.2. Soil physico-chemical characteristics of undisturbed and disturbed site 

conditions at two depths (0-15 em and 15-30 em) of the Khecheopalri lake watershed. 
. . I 

I 
Soil pH and nutrient values are mean± I S.E. (n=3) 

Physico-chemical Site 
parameters 

Undisturbed Disturbed 

0-15 em 15-30 em 0-15 em 15-30 em 

Moisture content(%) 27.1 0±0.42 30.90±0.32 23.90±0.41 21.60±0.89 

Bulk density (g/m3) O.HO±O.I2 0.7H±O.I3 1.0 1±0.22 1.02±0.21 

'~ Soil texture (%) 

Gravel 19 14 20 17 

Sand 70 73 74 78 

Silt 7 7 2 2 

Clay "4 5 3 3 

pH 4.48±0.07 4.92±0.02 4.51±0.03 4.59±0.01 

Soil nutrients (%) 

Organic carbon 4.22± 0.08 4.10±0.15 4.11± 0.02 4.1 0± 0.01 

Total nitrogen 0.50± 0.02 0.35 ±0.05 0.45 ±0.02 0.29± 0.01 

Total phosphorus 0.178±0.01 0.179±0.01 0.098±0.04 0.125±0.01 

_____ ,. 
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Fig. 3.2 Temporal distribution of rainfall and maximum and minimum 
temperature at the Khecheopalri lake 
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CHAPTER IV 

Th·e human dimension 
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CHAPTER IV 

( 
4.1 Introduction 

The fast growing population and their impact in terms of unplanned land 

use, cultivation on steep slopes, overgrazing, exploitation of forest 

resources and t,Inplanned tourism, all are affecting Himalayan bio

geophysical, socioeconomic, cultural and religious environments. These 

are leading 'to degradation of landscapes, drying up of natural springs, 

eutrophication of the aquatic water bodies, reduction and disturbance in 

the habitat of the wildlife. 

Livelihood in the rural areas of the Himalayan region depends on 

subsistence farming. These farming systems are location and niche 

specific and highly dependent on surrounding natural resource base 

(Sharma et al. 1992). The population of Sikkirp. is predominantly agrarian, 

with more than 80% being engaged in subsistence agriculture. The state is 

likely to face natural resource availability problem with limited area for 

cultivation to meet the requirements of ever rising population. The growth 

in population and limitation in job opportunities in recent years is yet 

another dimension that will have impact in the region. Pandey and Singh 

(1984) have described in detail how the surrounding forest ecosystem 

provides considerabl~ amount of energy for the operation of the hill agro

ecosystems in the form of animal fodder and wood. Wyatt-Smith (1982) 

cam·e to much on the same conclusion placing emphasis on the need for a 
" 

multidisciplinary approach, rather than the current narrow sectoral 

approach to the hill mixed farming, if ecological disaster is to be avoided. 
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Khecheopalri lake lies in the mountainous region that is revered as . 

seat of sacredness possessing huge biodiversity. The landscape change·· 
l 

resultin~ from the growing human population in last 3 5 years has cau·sed 

tremendous impact on the biodiversity and hydrology. Pilgrimage and 

tourism to the lake have. increased the demand for basic resources such as 

firewood for cooking and fodder for rearing livestock that yield animal 

products for floating population. The extraction of firewood and fodder, 

and grazing and trampling have adversely affected the lake surrouqdings. 

Tourism has considerably increased the garbage accumulation and 

littering in a serene area which is a distinct negative impact. Thus the 

present chapter focusses on the socioeconomic status of the people, 

tourism growth, cultural diversity, and human-forest interaction in the 

context of pressures in the lake basin. 

4.2 Materials and methods 

,4.2.1 Sampling design and survey 

The socioeconomic dat_a was generated by comprehensive ·primary survey 

of households · covering the entire settlement. Information on the 

population structure, agriculture practices, livestock population and its 

types, and resource utilization pattern were collected. Participatory Rural 

Appraisal (PRA) technique was also applied for information on species 

preference for fuel wood, fodder and timber. Fuel wood· use pattern of the 

local community was generated by random sampling of 45 units that 

included 34 households, 2 tea stalls, 3 lodges and 6 restaurants during the 

fete survey. The fuelwood requirement per day by a family was quantified 

using a physical balance of the sample households, and was repeated three 
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times a year i.e. spring, rainy and winter seasons. Visitor's record was 

made by collecting information at the entry gate of the Khecheopalri lakv· 
I 

through primary survey and from the tourist hut records._ A local resident 

was engaged in collection of data on tourist and pilgrim arrivals on daily 

basis. Questionnaires were also used for information collection, and 

formal and informal interviews were made with the tourists. 

Khecheopalri festival is a very important activity and therefore 

environmental impact assessment of pilgrimage on the lake in 1997 and 

1998 was made during the festival. Fuelwood use was assessed by 

interviews with the communities and shop owners for the festival period. 

Solid waste surrounding the lake was quantified and categorizing into 

biodegradable and non-biodegradable waste after the festival and tourist 

seasons. The local community was fully involved in these activities. The 

past history about the lake sacredness was also collected through the PRA 
\ 

exercises. The Khecheopalri Holy lake Welfare committee (KHL WC) was 

a key organisation that conducted most of the activities, and their support 

and help was always rendered specially in community related activities. 

Woody biomass of the standing trees in the lake watershed was 

estimated using allometric relationship specific to each species using 

-- diameter at breast height and tree height (Sundriyal and Sharma 1996; see 

Chapter V). The head loads of fuel wood collected by the villagers from 

the lake watershed forest were recorded every month and then pooled for 

annual estimates. The villages of the watershed were ethno-botanically 

surveyed and the techniques of Bye (1986) and Croom (1983) were 

followed. 
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The removal of forest floor phytomass was calculated on the basis 

of apparent bite size and bite rate . of each type of animal (Personal' 

communication, H.B.K Singh). Fodder collected by the local community 

was also estimated based on the head loads on yearly bqsis from the 

watershed forest of 91 ha where the pressure of grazing and the collection 

for stall-feeding was immense. 

Carrying capacity of the watershed with regard to fuelwood 

extraction of the total dependent population was calculated following 

Singh and Singh (1992) for the entire watershed forest and in the area 

falling directly to the lake. The net ecosystem productivity was calculated 

by subtracting removed biomass from the productivity of the standing 

trees (Binkley and Arthur 1993; Sundriyal and Sharma 1996) . 

. The conservation activities done during the project providing the 

information on the types of training, number of days and patiicipants 
l 

trained are listed. 

4.3 Results and Discussion 

4.3.1 Human Drivers 

4.3.1.1 Population structure 

The Ramam watershed has an area of 12 km2 in which the two revenue 

blocks 'Kcchcopalri' nnd 'Chojo' nrc present. These two blocks 

comprised of 80 households with 488 population. 'Ihis includ~d a few 

settlements residing at the lake watershed of which the Puthung village

comprised of 5 "households having 28 people while . Ringdara and 

Gaucharan . area with 3 households having 18 people. Patis of 

Khecheopalri block with 10 households and Tshelling clara from Ch1;10jo 
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block with 17 households fall at the upper ridge of the lake watershed in 

south - west direction. Hence a total of 3 5 households reside in the lakt(' 

watershed practicing farming in the form of agriculture and livestock 

rearing. An average household size is 6 persons. The density of the 

population is 41 person per sq. km. The male contributes 53o/o and female 

47%. The number of females per 1000 males is 873. The local people live 

in ethnic style in wooden houses having main livelihood from traditional 

agriculture and follow typi.cal culture. Lepchas are the ethnics comprising 

of 90% of the total population in Khecheoplari and Chhojo blocks (Table 

4.1 ). The village literacy was 41.85% to which male contribute 57% and 

females 43%. Basic amenities such as preprimary school, one health ICDS 

center and two monasteries are available (Table 4.1 ). 

4.3.1.2 Occupatiomil structure 

The main livelihood of the people is supsistence farming. Out of 80 

households only 11 households were involved directly in tourism (Table 

4.2), 2 households in making handicrafts and 2 household members 

employed in government service. Most of the families grow large 

cardamom as a cash crop, which provides substantial income. 

4.3.1.3 Agricultural production 

Agriculture is the main occupation· of the people more strongly following 

the agroforestry practices. Cereals from the main crop used primarily for 

household consumption. The rain-fed cultivation of millets, buck wheat 

and maize were commonly observed. Ginger and cardamom are the two 
~-

cash crops widely cultivated in the Khecheopald area. Ginger is sown in 

the month of March-April and harvested in October-November. The large 

cardamom is a perennial crop harvested during September-October. Maize 
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is generally sown in the month of March and millet in the month of May. 

Potatoes are grown twice a year in the month ~f February and qctober( 

The green vegetables are grown seasonally for their own consumption. 

4.3.1.4 Animal husbandry 

The total livestock population was 362, which belonged to almost all 

families, and comprised of cattles ( 115), sheep ( 45), goat ( 1 06) and pigs 

(96) (Table 4.1 ). They are reared for their own use except for milk for 

tourists and three families specially practiced poultry on a small scale for 

meeting the requirements of tourists. 

4.3.2 Tourism growth 

In the past few decades the promotion of tourism in the state of Sikkim 

has triggered arrival of large number of tourists that has been bringing 

both social and economic changes. Tourists are mainly attracted for nature 

and biodiversity (Rai and Sundriyal 1997r Therefore a new dimension of 

tourism linked with economic development and vis-a-vis biodiversity 

conservation has been evolving. Khecheopalri . lake has also been 

recognized as an important tourist destination in the recent past. 

Pilgrimage is also another form of tourism and the Khecheopalri is a 

destination of high value for both pilgrimage and nature lovers. Since 

tourism to Khecheopalri has been started only recently the families 

invol~ed in the tourism are very less in number and have been increasing 

slowly. The domestic to~rists are mainly day visitors that has limited the 

scope of diversification as an occupation to the local people. The data on ' . 

the tourist inflow prior to this work was not properly recorded and 

maintained for Khecheopalri. In 1998 out of 1,43,410 visitors coming to 
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Sikkim only 13% anived Khecheopalri. There is a general perception that 

the majority of the tourists come for recreation but in the case ~f 

Khecheopalri . lake the visitors came mostly for pilgrimage. Visitor 

numbers have grown from 16,068 in 1997 to 18,713 in 1998 (Fig. 4.1). 

During 1998 visitor arrivals comprised of 10,913 tourists and 7,800 

pilgrims (Fig. 4.1). About 3336 visitors came for the Bhumchu festival in 

1997 of which three thousand were pilgrims. In 1998 the total number of 

Bhumchu festival visitors increased to reach 5042 having around 4500 

pilgrims (Table 4.3). 

Tourism in Khecheopalri lake is distributed through out the year, 

however two peak seasons are between spring (March to May) and fall 

(October to November). Fall season (October to November) was badly 

affected in 1998 especially with the domestic tourists due to a .major 

landslide on the approach road. Majority of the domestic visitors come 
\ -

from West Bengal state of India and were dai visitors spending 2-3 hours 

at the lake site, while the foreign visitors spent about 2-3 days and trekked 

in the area. Most of the foreign visitors were free and independent 

trekkers: Although the numbers of international tourist arrivals have been 

low they contributed higher income to the local community (Personal 

communication, lyatta Maharana). The tourism in Khecheopalri has been 

gaining ground recently and increased by 14o/o during 1997 and 1998 

inspite of road disruption for long time, and it is expecJed to draw more 

visitors in the near future. 
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4.3.3 Religio-cultural.feature 

The two main festivals associated with the lake are "Cho-Tsho" and. 
( 

"Bhumchu". The local communities perform regular rituals during the full 

moon day and new moon day. The rites and rituals are performed by 

communities and pilgrims on there own or aided by Buddhist monk or a 

llimlu priesl (see Plwloplale 3 ). 

"Cho-Tsho", falls in the month of October after the cardamom 

harvest which is thanks giving festival basically for providing them food. 

The villagers group together and collect the money from each household 

---~ and perform rituals in the lake and enjoy the feast together. The other 

festival is "Bhumchu" where the lake goddess is worshipped to maintain 

peace and harmony in the village for the forth-coming year. This festival 

falls in the month of February/March. Idols of gods made up of t1our; 

colours and butter were seen arranged beautifully with lighted lamps and 

·-

I 

offerings. The monks and the local communities performed the rites and 

rituals for three days. Pilgrims generally put the prayer t1ags around the 

lake (about 11-1 08) in bamboo stick or the small trees of Symplocos 

thaefolia or Eurya acuminata in which the prayers are inscribed in the 

name of dead relatives or sick me.n, and also for the fulfillment of wishes, 

or for maintaining peace in the family. Rituals on. the lake are performed 

traditionally since time immemorial as st~ted by the senior citizens of the 

area. This festival is a major attraction for the pilgrims of Sikkim and 

Dmjeeling and also from. adjoining countries like Bhutan and Nepal. 

4.3.4 Garbage 

The heavy inflow of visitors during the religious festival showed some 

negative impacts on the serenity of the lake specially in the form of nqise, 
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littering, garbage dumps, motor vehicle pollution, resource extraction and 
I 

the offerings made in the lake water. The estimated garbage showed th1t 

non-biodegradable waste was generally contributed by toffee wrappers,, 

biscuit foils, soft drink cans, and mineral water bottles. These were mainly 

contributed by domestic tourists although their stay was for a few hours. 

Garbage, quantification in 1998 after the festival showed that the 

total garbage collected was 452 kg out ·or which 62o/o was biodegradable 

and 38o/o non-bio·degradable wastes (Fig. 4.2). The total garbage collected . 

during the tourist season was 2375 kg in and around the lake, comprising 

87% biodegradable and 13o/o non bio-degradable (Fig. 4.2). Around 3000 

kg of solid waste were deposited annually in the watershed area that was 

categorized as 81%. biodegradable and !'~% non-biodegradable wastes . 

. . . 
4.3.5 Resource extraction '· 

4.3.5.1 Fuelwood 

Although the local communities and :the pilgrims have strong beliefs for 

the lake, this is limited to the sacredness of the lake and· water. The 

exploitation practices in the watershed in the form of extraction of trees 

for fuelwood and timber has led to maximize the growth of secondary 

species (Symplocos, Eurya and Viburnum) and thereby changing the forest 

composition and types. Besides, the dependency of local community on 

certain plants has led to squeezing of certain canopy species (see Chapter 

V). The open mixed forest has mainly the pressure of timber extraction, 

whereas the fueh.yood collection was found more on the degraded forests 

that is located jllst above the lake and bog. Mostly the ladies and children 
I 

collect the fuelwood and fodder (see Photoplate 2). The pressure of 
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grazing was also found immense in this area which is mostly due to easy 

accessibility and nearness of surrounding villages. ' 
( 

Biomass removal from the lake watershed by harvesting the entire 

tree was estimated to be 1042 Mg/yr from the degraded forest and 646 

Mg/yr from the open mixed forest in 1998 (Table 4.4). The collection of 
\ 

fuel wood was for six months from November to May except one month 

in between (February or March) when the extraction was completely 

restricted due to the "Bhumchu" festival. The collection th~·ough chopping 

down of branches accounted 99 Mg/yr and total removal was 1787 Mg/yr 

from the lake watershed forest (Table 4.4) . 

. The utilization pattern of the removed biomass from the watershed 

accounted 52% as fuelwood, 41% as timber and 7o/o for 'other purpose~' 

such as in making handicrafts, field implements, weapons, for putting 

prayer flags and funerals (Table 4.4). The. timber was used mainly for 
l 

construction and repair of houses,· and animalsheds. Family wise 

construction generally takes place once in 10-25 years. A few households 

even practice illegal trade of timber. The entire watershed forest falls 

under the reserve category of the Department ofF orest, Govt. of Sikkim. 

Firewood is the only source of energy for cooking. The daily 

consumption of the fuel wood by the local community ranged from 16 to 

25 kg/day/ household depending on the season. The lodge consumed 105 

kg/day for cooking food for tourists. During Bhumchu festival teashops 

used 420 kg of firewood every day. Out oft.otal fuelwood used about 93% 

was by the community households, 0.3% for 'Bhumchu' festival, 3% for 

tourism and 3. 7% for curing of large cardamom. 
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Out of the 9.5 Mg/ha/yr of net woody biomass production (see 

Clwplt!r V), 2.5. Mg/lw/yr was l'l!lttovl!d i11 I <J<J7-I <J<JH. l kltl!l! u lll!L balut"tl!r 

of 7 Mg/ha/yr remained as net ecosystem productivity. The ecosystem 

productivity is 1.29 times higher as compared to the productivity of the 

Mamlay watershed of south Sikkim (Sundriyal and Sharma 1996) which 

may be due to the difference in altitude, higher rainfall and humid climatic 

conditions. 

The 1carrying capacity of the region with regard to. fuel wood 

requirement was calculated both for the entire watershed area and area 

falling directly to lake and bog. The fuel wood availability from the entire 

watershed forest was 4.84 times more than that of the fuelwood demand of 
I 

the existing population if the sustainable harvest rate was considered at 0.3 

level and it is 8 times higher when the sustainable harvest rate was 

considered at 0.5 level. However if only 91 ha area was considered where 
I 

the pressure of resource extraction was· immense it was only 0.43 times 

higher than that of the fuelwood demand at 0.3 level and 0.72 at 0.5 lev.el 

sustainable harvest i'ate. The carrying capacity of the Khecheopalri lake 

watershed in terms of fuelwood requirement showed 3.5 times less as 

compared to the central Himalayan forest (Singh and Singh 1992) when 

the pressure of fuelwood is considered for the area falling to the lake is 

calculated. 

Besides, the 1:emoval of timber and fuel wood, and fodder collection 

the forest has a pressure of non-timber forest product (NTFP) collection 

(see Photoplate 2). Most of the NTFPs collected are for the household 

consumption. State Forest Department has planted trees of Cryptomeria 

japonica at certain locations in north western direction of the lake where 
I 
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the area was denuded by the local community. It has been observed that 
' 

plantation of such species has tremendous effect on the growth of floor 

phytomass and very sparse vegetation came under Cryptomeria (Sundriyal 

1995). 

4.3.5.2 Fodder, grazing and browsing 

Fodder demands for the livestock are met from the lake watershed forest. 

Some households even let animals free for grazing. The annual fodder 

production was 299 Mg/yr (see Chapter V) from the 91 ha area of the 

watershed which falls directly to the lake and bog, and where the pressure 

of livestock was immense. The fodder consumption by cow was 16.5 

kg/day/animal and sheep 6.1 kg/day/animal. Total fodder removed by the 

grazing animal through free grazing was 18 Mg/yr of which 21% removal 

was recorded from the bog mainly by cattle. The remaining 79% grazing 

occurred in the watershed forest. In the forest 74% of the removal was by 
\ 

cattle and rest by the sheep. The stall-feeding was 121 Mg/yr. The total 

removal of fodder was 139 Mg/yr that accounted as 47o/o of the annual 

primary production of the herbaceous biomass (Table 4.4 ). The net 

ecosystem productivity for the herbaceous biomass was 1.75 Mg/ha/yr. 

Around 47o/o of the herbaceous biomass and 26o/o of the woody biomass 

was extracted annually from the watershed forest. Thus the Khecheopalri 

watershed forests are within the carrying capacity for firewood and fodder 

extraction. 

4.3.6 Conservation initiatives 

A number of conservation initiatives were taken by the local communities 

in the lake and watershed area. (see Photoplate 3) An action plan for 

vanous conservation activities were developed by involving local 
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community and the lead role was taken by 3 8 community members (Table 

4.5). Various trainings related with ecotourism were imparted by oqr 
I 

project that included 'Guide cum teahouse operator' and 'vegetable 

growing' trainings.- The C?perators were trained on the capacity for better 

services to the visitors. A co-financing by each participant for a training 

was ensured for meaningful participation. The seed production and 

vegetable growing trainings were given to the_ farmers for encouraging 

entrepreneurship to local community and there by providing fresh 

vegetables to tourists as well as opportuni~ies of economic development. 

The video shows and the slide shows were arranged during the Bhumchu 

festival for 5 days for general awareness o~ environment and health of the 

lake. The activities carried out by the local communities as conservation 

work during the year was also shown. This ensured rriore participation ·by 

local local comminities. Awareness shows of conservation and ecotourism 
\ 

prospects of other sites were also organize-d for community benefits. 

Nearly 450 people that included old, young and children of both the 

genders from the community participated. 

Khecheopalri is a unique destination, which has a large number of 

attraction attributes for visitors. It being a sacred lake, having an important 

~------- religious festival also attracts pilgrims. The pilgrimage and tourism to the 

-----

lake can be associated with the economic development of the local 

populace apart from their sedentary farming.· The uniquene~s of the 

destination is also attributed to a rich biodiversity. Therefore economic 

development associated with conservation of forests and biodiversity in 

the form of ecotourism can be one livelihood option that can be 

sustainable and can equally tranquillize the nature lovers • 
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'l'uhlc 4.1 i\ sm.:io-eCOIIOillic pro tile or llle Khecheopalri urea 

Parameters 

Total ar·ea (ha) 

Revenue villages (Chojo and Khecheopalri) 

Households 

Total population 

Persons/household 

Population density 

Sex ratio (%) 

Male 

Female 

Ethnic composition(%) 

Lepcha tribe 

Others 

Literacy rate(%) 

Total 

Male 

Female 

Livestock 

Total 

Cattle 

Sheep 

Goat 

Pig 

Amenities 

Preprimary school 

ICDS 

Monastery 

ICDS = Intergrated child development scheme 
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Value (s) 

1209. 

2 

80 

488 

6 

41 

53 

47 

90 

10 

41.85 

57 

43 

. 362 

115 

45 

106 

96 

1 

2 

' 
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Table 4.2 Occupational structure of the people in Khecheopalri 

Primary occupation Male Female 

Agriculture and subsidiary laborer 50* 16 

Handicraft products 5* 

Tea shop 2 1 

Grocery shop 2 2 

Beetle shop 

Lodges for tot~rist 3 3 

Monk 5 

Porters/Guides 6* 0 

Government services 2 2 

Poultry fanning 3 3 

* Involved in both tourism re_lated activities and agriculture 

Table 4.3 Bhumchu festival survey during March in Khecheopalri 

Year 

Duration (Days) 

Shops 

Tea stalls/Restaurants 

Puja items 

Vegetable 

Hosiery goods 

Exhibition shops 

Hawl{ers 

Visitors 

Total presence 

, Tourist (International) 

Tourist (Domestic) 

Local Pilgrims 

1997 

4 

15 

8 

4 

2 

1 

0 

12 

3336 

51 

285 

3000 

50 

., 

1998 

6 

21 

10 

4 

2 

2 

3 

34 

5042 

62 

480 

4500 

' 
Total ( 

66 

5 

3 

4 

1 

6 

5 

6 

4 
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Table 4.4 Production, removal and utilization pattern of woody biomass and the 

· production and removal of herbaceous biomass from the Khecheoplari lake watershed 

forest ( 

Parameters 

Production 

Removal pattern 

Removal of tree 
b Degraded forest 

Open mixed forest 

Chopping oJ' branches 

Total annual removal 

Utilization pattern 

Fuel wood· 

cAnnual household use 

Annual tourist use 

Festivals (Bhumchu) 

Cardamom curing 

Timber 

· Household use 

Others 

Total 

Forage production 

Removal pattern 

Stall feeding 

Open grazing 

Total 

Unit 

9.5 Mg/ha/yr 

4.1 Mg/halyr 

1.5 Mg/ha/yr 

0.39 Mg/ha/yr 

7.5 Mg/household 

15.75 Mg/lodge 

0.42 M9/day 

6.29 Mg/yr 

3.28 (Mg/halyr) 

1.33 (Mg/ha/yr) 

0.20 (Mg/ha!yr) 

Total lake watershed 
(Mg/yr) 

9673a 

1042 

646 

99 

1787 

'866 

45 

2.5 

35 

724 d 

115 

1787 

299 

121 

18 

140 

a = Total production calculated from I 018 ha which includes degraded and open 

mixed forest; b = Degraded forest includes the 91 ha area falling directly to lake; c = 

Total household number dependent on the lake watershed forest 115; Forage 
production and removal calculated for 91 ha forest area; d = Timber generally used at 
a period of I 0-25 years, besides few households also practice illegal 
commercialization. 
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Table 4.5 Conservation activities initiated during the project in Khecheopalri. 

Participatory Rural Appraisal 

Action Plan for conservation 

Placement of Signboards 

Afforestation 'in the lake watershed 

Installation of smokeless cooking furnace 

Guide & Tea house operators training 

Video and slide show on conservation 

Vegetable growing training 

* Also Includes children 

Activities 

52 

No. of 

days 

7 

2 

2 

1 

1 

4 

5 

3 

' .. 

Participants 

Male Female Total 

37 19 56 

19 19 38 

6 3 9 

18 2 20 

3 1 4 

7 0 7 

200 250* 450 

5 3 8 
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Fig. 4.1 Tourism growth in the Khecheopalri during 1997 and 1998 
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CHAPTER V 

The lake watershed 



--~----

CHAPTERV 

( 

5.1 Introduction 

Watersheds are topographically delineated areas that are drained by 

stream systems, and are the bio-physical units for most hydro-ecological 

analysis. They are related with hydrologic ingredients such as 

precipitation, discharge, overland flow, stream flow and water transported 

sediments. These hydrological ingredients are useful in relating land use 

changes consequently affected by vegetation structUre and composition. 

As a whole watershed study helps to identify the linkages between land 

use, environment and productivity that changes over time (Brooks and 

Peter 1995). It also supports information generation. ori stream biology, 

vegetation structure and the functional relationship of drainage with 

vegetation cover. Such studies can form a basis for formulating 
I 

management strategies in the hills. 

Human impacts on the Himalayan mountain ecosystems are 

pronounced in recent years. Anthropogenic pressure such as unplanned 

land-use, un-scientific cultivation, rampant grazing and trampling, and 

excessive natural resource exploitation. has accelerated ecological 

degradation. These pressures caused decline in the vegetation cover that 

led to increased sediment load and nutrient enrichment in streams. 

Indiscriminate clearing of forests lead to severe degradation of forest soil 

and stream flow regimes (Hamilton and King 1983). Storm flow increases 

in streams following a rainfall event and becomes much faster in disturbed 

forests with grazing, croplands, and other land uses compared to 

undisturbed forests (Hamilton and Bruijnzeel 1997). About 25000 million 
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mega gram of soil are being washed away world wide each year (Lazarus 

1990). Stocking ( 1984) has emphasized the importance of vegetation if 

the abatement of soil eros jon. Vegetation intercepts energy that protect the 

soil against rain beating efiect and there is a continuous struggle between 

the vegetation cover and erosion (Ambasht 1996). 

There is a little information available on the watersheds of the 

Himalaya. A multidisciplinary work in the Mamlay watershed of the south 

district of Sikkim explained why watershed should be ·taken as a 

ft.mctional unit for management (Sharma et al. 1998). Linkages of land 

utilization in watersheds and their cohesive impact in terms of soil 

erosion; nutrient loss and water balance should be understood for policy 

planning on the management of fragile mountain ecosystems. Lakes in the 

mountains are surrounded by watershed, and their life much depends on 

them. Lakes and their wat~rsheds have strong linkages .. Distribution of 
l -

biological resources and maintenance of balanced watershed ecosystem is 

obligatory for longevity of lakes, as they cannot be separated from their 

drainage basins. Shapes of hydro graphs reflec~ on how the drainage basins 

transform precipitation into runoff that embodies integrated influence 

(basin characteristics like geological features, soils, drainage basin 

morphology and vegetation) and changes the hydrological characteristics 

of closed basins. So a nested lake with surrounding watershed was 

undertaken for a detailed study on the land use/cover change detection, 

_vegetation structure, overland flow, soil and nutrient loss, and 

precipitation partitioning pathways in a 12 k.m
2 

Ramam watershed of the 

Khecheopalri lake. This watershed is characterized by elevation range 

from 1500 to 23 7 5 m as!. The watershed area is mainly dominated by 
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forest, but with a settlement of 3 5 households at the upper ridges (see 

Photoplate 4). These households practice agriculture, exploit natur(,ll 
I 

resources and rear livestock. About 80 hous~holds from surrounding 

settlements also depend on natural resources of the lake. watershed forest. 

Out of the 12 km2 area only 91 ha actually drains directly into the lake 

(Fig. 3.1). The land area that drained into the lake .co~prised of forest 

(82.5 ha), cultivated land (7.5ha) and cardamom-based agroforestry (lha). 

5.2 Materials and methods 

5.2.1 Land use/cover change 

A land-use/cover map of the sacred Khecheopalari lake watershed was 

prepared from satellite images, IRS-1A/1B, LISS-II and IRS-1C, LISS-III, 
/ 

FCC of bands 2,3, and 4 at 1:50000 for the year 1988 and 1997 and 

Survey of India topographical maps. Intensive field investigations were 
. I 

carried out to check the land-use/cover classification. 

5.2.2 Vegetation analysis 

Extensive vegetation study was conducted during 1997-1999 and plants 

were identified following standard literature (Hooker 1857; Smith and 

Cane 1911; Polunin and Stain ton 1984 ). The plants were categorized into 

various life forms (Raunkiaer 1934). 

Tree structure analysis was done using 10 x 10 m plots (n=25) on 

randomly stratified selected sites for vegetation composition. The species 

occurring in each quadrats were listed and diameters at breast height 

(DBH) and base measured. The height of the tree was measured with the 

help of a clinometer. All the individuals were categorized into four groups 

(a) seedling (height up to 20 em), (b) sapling (height >20 em but DBH < 
57 
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10 em), (c) small trees (DBH > 10 em but < 30 em) and (d) big trees 

(DBH > 30 em). Seedlings and saplings were considered as regenerating 
I 

indivh.ILiuls. A/F (ubumlance: ti·equency) ratio was calculated iollowing 

Curtis and Cottam (1956) in order to see the distribution pattern of 

species. 

Ground vegetation of the watershed forest was studied by laying 

1x1 m quadrats (n=75) on stratified random sites on seasonal basis during 

spring, rainy and winter seasons. On each sampling schedule plant species 

occurring in each quadrat were listed. Frequency and density were 

calculated for each species. Importance ·Value Index (lVI) was calculated 

by summing up relative dominance, relative frequency and relative density 

(Phillips 1959). All the ground vegetation was grouped into 'ten 

dominating species' with regards to lVI and rest as 'other species group'. 

Basal area was calculated following Mishra ( 1968). Species indices were 
l 

calculated as follows: (a) Species richness (Margalef 1957) (d)= (S-1 )lln 

(N); (b) Concentration of dominance (Simpson 1949) (A.)= I (ni/N)2
; (c) 

Diversity (Shannon 1948) (Ji) = - I pi In (pi); Equitability (Buzas and 

Gibson 1969) E = eH/S where, S =·total n~mber of species; N = total 

number of individual of all the species in all quadrats; pi = proportion 

value of i species; ni =total number of individual species in all quadrats. 

Aboveground biomass of forest ground vegetation was harvested 

through quadrats of 50x50 em (n=l2) during Feburary, Apfil, June, 

August, October and Deqember. The aboveground biomass was separated 

into a few dominant species and other species group and oven dried at 

80°C till constant weight. Net primary productivity was calculated by 
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summing up the positive increments of biomass during sampling intervals 

in a year (Singh and Y adav 197 4 ). · ( 
The woody biomass of tree species was estimated from 40x50 m 

(n=3) permanent plots. The trees that occurred in each quadrats were 

marked round the girth at the breast height and numbered. The annual 

increment of woody biomass was measured through diameter tape and 

was extrnpolnted us1ng regression equations g1ven by Sundriynl nnd 

Sharma (1996) as follows: 

Species 

Quercus lamellosa 

Castanopsis tribuloides 

Symplocos sp. 

Eurya acuminata 

Alnus nepalensis 

Other species 

Regression Equation d.f 

y=exp(-0.948+0.826lnD2H) 27 

y=exp(0.807+0.595lnD2H) 38 

y=exp(0.520+0.594lnD2H) 17 

·y=exp(l.165+0.514lnD2H) 19 

y=exp(-2.847+0.839lnD2H) 8 

y=~xp(-0.427+0.719lnD~H 24 

r E 

0.947* 1.077 

0.908* 1.049 

0.935* 1.066 

0.860* 1,073 

0.967* 1.030 . 

0.915* 1.120 

y=woody biomass (bole and branch) (kg); D=diameter at breast height (em); H=tree 
height (m);; d.f.=degree of freedom; r=coefficient of correlation; and £=relative error 
calculated as antilog of the standard error of the natural logarithm of the value; 

*significant at P<O.OOI. 

5.2.3 Overland flow, soil and nutrient estimation 

Overland flow and soil losses were estimated from 12 experimental plots 

under ditTerent land-use/cover combinations in the lake watershed during 

1997 and 1998 on three monsoon (pre-monsoon, mid-monsoon, ·and pos~

monsoon) seasons. Three rainfall events · were considered for each 

monsoon period covering 18 events during two years of study. Overland 
'· 

flow and soil losses were estimated using natural shallow surface runoff 

channels and artificially delineated plots (Pandey et al. 1983; Singh et al. 
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1983; Rai and Sharma 1998a). The ·delineated plot size was I Ox3 m for 

estimation of overland flow and soil loss, and 3 plots were laid in eac~ 

type of land-use/cover practice. These plots were bounded with aluminium 

sheets ( 6 em inserted in the soil and remaining 15 em exposed in air) on 

all sides to prevent water from entering from adjacent areas. The plots 

were located on slopes ranging from 20° to 35°. The organic debris loss 

was estimated from the overland flow. Net deposition of the sediment in 

the lake and bog was calculated using delivery ratio (Sharada et al. 1992). 

The overland flow and soil losses along the slope were estimated 

from the collecting tank after each rainfall event. Soil samples were taken 

down to 30 em depth adjacent to each of the delineated plots and were 

mixed together to form composite samples of the soil at each site. These 

samples were collected just before the rainy season at the time of plot 

delineation. The eroded soils were sample9 in the form of sediment settled 

at the bottom of the collecting tank and as suspended clay material. 

Sediment texture analysis of eroded soil was done using mesh sieve. 

Suspended clay material was separated by filtration using Whatman filter 

paper from the sample water. The soil for nutrient analyses comprised of 

both bed:-load sediment and suspended clay material for eroded soils. The 

---- runoff water samples were analyzed for phosphate-phosphorus by 

stannous chloride method (Eaton et al. I 995) and total nitrogen by AOAC 

method (Cunniff 1995) and details of the method is given in Chapter VII. 

Soil nutrients of both parent and eroded sediment were analyzed as 

follows; 

Total organic carbon was estimated using modified Walkley black method 

by the colorimetric determination adding potassium dichromate (Anderson 
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and Ingram 1993 ). The amount of organic carbon in the sample can be 

deterlllilled by the UlllOLIIll of chrolllk produced Ulld j~ COlllpUted 1~1 
I 

percent organic carbon by the given formula; 

Organic carbon(%)= K x 0.1 
W X 0.74 

where K =concentration on absorbance (mg) 

W = weight of the sample (g) 

Total phosphorus was estimated by colorimetric determination (Anderson 

and Ingram 1993) using molybdate reagent and the ascorbic acid of the 

digested sample and absorbance is read at . 880 nm usmg UV-VIS 

spectrophotometer and computed by the given formula; 

Total phosphorus (%) = C x B 
10 X A X w 

where A = aliquot taken for tolour development 

B =solution volume 

C =concentration on absorbance (mg) · 

W = weight of the sample (g) 

Total nitrogen was estimated by the modified Kjeldahl method (Anderson 

and Ingram 1993) and it is obtained by digesting the samples in the 

presence of sulfuric acid and catalysts (copper- sulfate, mercuric oxide, 
' 

selenium powder, and potassium sulfate) and computed.using the formula 

given below; 

Total nitrogen(%)= Ax solution volume (ml) 
100 x aliquot (ml) x W 
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when! A ~ Ill I or M/ 140 I ICI COilSLIIl!ed ill titration ( 
W = weight of the sample (g) 

5.2.4 Precipitation partitioning pathways 

A total of nine stands comprising three each in forests, cardamom based 

agroforestry, and traditional crop based agroforestry systems. were 

selected to investigate pathways of incident precipitation through the plant 

cover (Table 5.1 ). Incident precipitation was recorded during 18 rainfall 

----- events during 1997 and 1998. Partitioning of incident precipitation into 

throughfall, stemflow, canopy interception, floor leachate, floor 

interception, and biomass incorporution was mmle. Trees of' dominant 

species were tagged for stemflow measurement in each of the systems. 

Stemflow was collected by attaching aluminium collars to th~ee trees of 

different diameter classes in each stand. Within each plot three throughfall 

collectors and three-floor leachate collectors. were established. Each 

---

throughfall collector was placed on the soil';surface so that i.ts upper rim 

was horizontal and was about 20 em above the ground. Floor leachate 

collectors were covered by a 2 mm mesh nylon net. The litter carefully 

removed from below the collector was placed on the net. Floor leachate 

collectors were inserted into the soil surface such that the rim of the 

container was horizontal and level with the surface of the litter. Nine 

throughfall and floor .leachate collectors were randomly located. 

Measurements were made during pre-, mid- and post-monsoon periods. 

Following each sampling, all throughfall and floor leachate collectors 

were randomly relocated. This technique produces more accurate 

··.' 
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estimates of annual volumes than fixed collectors (Kimmins 1973; Rai and 

Sharma 1998a). Throughfall and floor leachate volumes were calculatep 

considering the width of the upper rim of the collecting vessel. Average 

stemflow was calculated with the basal area of the trees. Biomass 

incorporation was calculated on dry weight basis .of woody biomass. 

Canopy interception was calculated by subtracting throughfall and 

stemflow values from the incident precipitation. Forest-floor interception 

was derived from the difference of the forest- floor leachate, overland flow 

and biomass incorporation with the added value of throughfall and 

stemflow. The experimental set up of work"'is shown in Plate 4. 

5.3 Results 

5.3.1 Land-usc/covet· change 

The existing land-use/cover pattern of the Khecheopalri lake watershed in 
I 

1997 was dense mixed forest (22.53o/o), open mixed forest (40.69%), 

degraded forest (21.00%), cultivated land and settlements (13.44%), rock 

out crop (1.45%) and lake including bog (0.89%) (Table 5.2). Most of the 

lake watershed is under forest, with cultivation· confined to the upper 

ridges (Fig. 5.1). The major land cover changes from 1963 to 1997 were 

the expansion of the bog area and agriculture land with settlements. The 

cultivated land area increased by l 0.29%, most change occurring after 

1988 (Table 5.2). Degraded forest increased by 13.42%. during 1988-97. 

Dense mixed and open mixed forest cover decreased by 3.17% and 16.6%, 

respectively. The different land-use types in the watershed are forest, 

cardamom agroforestry, cropped area and bare land. In case of the lake 
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area, major changes were recorded in the form of bog area expansion. In 

1963 the bog was 3.4 ha that increased to 7.0 ha in 1997 (Fig. 5.2 ). ( 

1 
5.3.2 Forest structure, composition and productivity 

5.3.2.1 Biological spectrum 

A total of 112 plant species belonging to 58 families and 10 1 genera were 

recorded from the lake watershed forest. It constitutes 48 herbs, 3 7 tree 

species, 11 under-shrubs, 9 climbers, 6 shrubs and 1 epiphyte (Appendix 

1 ). Most of the plants belonged to· the family Araceae, Urticaceae and 

Polygonaceae. The biological spectrum showed 55% Phanerophytes, 20% 

Therophytes, 11 o/o Cryptophytes, 8% Hemicryptophyte and 6% 

Chaemephyte (Fig.5.3). 

5.3.2.2 Tree structure and its regeneration 

On mean annual basis, 17 and 16 tree Species with densiti~s of 248 
l . 

trees/ha and 224 trees/ha were recorded m the tree stratum during 1997 

and 1998, respectively (Table 5.3). The highest density (76 and 88 trees/ha 

in 1997 and 1998, respectively) and IVI (Ill and·l43 in 1997 and 1998, 

respeCtively) were recorded for Castanopsis tribuloides which was 

followed by Symplocos . theifolia, Machilus edulis and Eurya acuminata. 
. 2 2 

The basal area for the stand was calculated to be 68 m /ha and 58 m /ha in 

1997 and 1998, respectively (Table 5.3 ). 

Out of 17 tree species, regenerating seedlings were recorded for 8-

I 3 species and saplings for 4- I I species (Table 5.3). The species number 

increased but the density decreased in the case of saplings. The highest 
' 

regeneration was observed in the sub-canopy species such as Symplocos 

theifolia (58-59% seeedlings and 61-64% saplings) followed by 
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Viburnum cordifolium (25-27% seedlings and 23-27% saplings). Ficus 

nemoralis, Aporosa dioica, Artocarpus · lakoocha and Alnus nepalensis 
' ' ( 

were found only in the regenerating stage· and non of these reached the 

tree stage. The canopy species such as Castanopsis showed very poor 

regeneration with 9 plants/ha in seedling stage and 1 plant/ha in sapling 

stage. The middle canopy Machilus sp. showed fairly good regeneration 

but the seedlings and saplings showed decreasing trend in two years of 

study period. 

The relationships between the tree DBH class and the density 

(trees/ha) and biomass (Mg/ha) for some species, other species and total. 

species in stands are presented in Figures 5.4 and 5.5. The canopy species, 

Castanopsis tribuloides, was. represented by almost all diameter classes. 

Sub-canopy species, Symplocos theifolia and Eurya acuminata were 

represented by lower diameter classes and stand biomass contribution was 
) 

low (Fig. 5.5). Tree species in lower .di~meter (10-20 em) and higher 

diameter classes (70-150 em) were the most targeted size and some of the 

species completely lacked these sizes (Fig. 5.4). Density of trees of higher 

/DBH classes declined. The tree population structure of the dominating 

canopy species and sub-canopy species, 'other species' and 'total species' 

were presented through four life stages (seedlings, saplings, small trees 

and big trees). Castanopsis tribuloides showed a very few regenerating 

seedlings and saplings, the small tree size number was also low but mostly 

represented by big trees. However, the middle canopy species Machilus 

edulis showed highest number of seedlings followed by saplings and 

number of small and big trees were much reduced to give uprightal 

pyramid. The sub-canopy species_, Symplocos theifolia and Eurya 

65 



acuminata, showed higher numbers of seedlings and saplings (Fig. 5.6). 

'Other species' group also showed higher seedlings and saplings, the 
( 

small size tree number was lowest. 

5.3.2.3 Woody biomass and its productivity 

The basal area showed a gradual increment (61 to 63 m2/ha) during 1997 

to 1999 (Table 5.4). The standing woody biomass of 336 Mg/ha was 

recorded in 1997, which increased to 346 Mg/ha and to 355 Mg/ha in 

1998 and 1999, respectively. J'he highest biomass was contributed by 

Castanopsis tribuloides (123-128 Mg/ha) followed by Beilschmiedia 

sikkimensis (54-56 Mg/ha) and Machilus edulis ( 47-49 Mg/ha). Although· 
\ ' . 

the density or SymJJ/ocos the(jiJ!ia (40 trees/lw) und HtiiJla act1111inaia (33 

trees/ha) was found higher but their biomass was small (7.5-9.7 Mg/ha 

and 10-12 Mg/ha, respectively) because of lower diameter classes (Table 

5.3). The woody biomass productivity was~9.5 Mg/ha/year. 
~ 

5.3.3.4 Ground vegetation and its productivi~y 

Species numbe~s -recorded during spring, rainy and winter seasons, were 

20, 22 and 24, respectively. On the basis of IVI, the dominant species 

were Piper long (56. 0 1) and 'Brachiaria eruciformis ( 41.41) during spring, 

Elatostema platyphyllum (51.63) and Pilea scripta (49.81) during rainy 

and Cyperus rotundus (37.99) and S,elaginella sp. (35.21) during winter 

season (Table 5.5). Plant density was higher in rainy season (85 plants/m2
) 

as compared to winter (80 plants/m2
) and the lowest recorded in the spring 

2 2 2 2 2 
season (73 plants/m ). Basal area of 9.97 em /m , 7.65 em /m and 6.12 

2; 2 ddd' .. d . em m were recor e unng wmter, ramy an spnng seasons, 

respectively. 
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The species richness was highest in winter (3.01) followed by rainy 

(2.74) and lowest in spring (2.53), whereas the concentration ~f 

dominance showed the inverse relationship. Dominance was recorded 

highest in the rainy season (0.24) stating the dominance by a few species 

along with low (0.31) evenness index as compared with other seasons 

(Table 5.6). 

Standing biomass of ground phytomass increased ~ith · the 

advancement of seasons and peaked during August and then declined in 
. . 2 

the· subsequent months. The biomass ranged from· 111 to 439 g/m . 

Average net primary productivity of ground phytomass was recorded 328 · 

g/m2/yr in which Brachiaria eruciformis contributed highest (22.3%) 

followed by Elatostema platyphyllum (20.4%), Pilea scripta (17.7%), 

Selaginella sp. (10.0%) while rest 29.6% was contributed by other species 

(Table 5. 7). The total net production from the forest of 91 ha area was 

estimated 299 Mg/year. 

5.3.3 Overland flow, soil and nutrient loss 

Overland flow was greatest over bare land (4.8%) and smallest in 

cardamom-based agroforestry (1.8%). Soil loss was highest on the 

cultivated area while it was lowest in the cardamom-based agroforestry 

system (Table 5.8). The runoff of organic debris was highest in the forest, 

followed by cardamom-based agroforestry, bare land and the least from 

cultivated area. Organic debris in forest runoff was mainly leaf litter. 

Sediment fractionation of eroded soil from different land-use ranged 

between 67-86% sand, 2-12% gravel, 3-14% silt and 1-7% clay (Table 

5.8). Total area that drained in the lake was 91 ha, whose 68 ha area 
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drained through two perennial streams (see Chapter VIII) and the 

remaining 23 ha area by overland flow directly to the lake. Soil loss frm~ 

23 ha area that drained in the lake was 112 Mg/yr. 
\ 

Concentrations of nitrogen and organic carbon were higher in 

eroded soil than the parent soil in all the land-uses, while total phosphorus 

was mostly higher in parent than the eroded soil (Table 5.9). Analysis of 

variance of organic carbon and total nitrogen showed significant variation 

between land-uses and soil types, while in case of total phosphorus, 

significance between only soil types only was recorded (Table 5.9). 

The highest inflow of nutrients was during rainy season froin the 

inlet streams. The annual nutrient inflow to the lake from the inlet sources 

accounted 2.24 Mg of total nitrogen, 0.678 Mg of total phosphorus and 

0. 76 Mg of organic carbon (Table 5 .l 0). The overland flow accounted 

1.05 Mg of total nitrogen, 0.51 Mg of total phosphorus and 10.2 Mg of 
l 

organic carbon. The outflow of nutrients from the system through outlet 

on annual· basis was 1.88 Mg of total nitrogen, 0.88 Mg of total 

phosphorus and 4.08 Mg of organic carbon (Table 5.1 0). 

5.3.4 Precipitation partitioning 

, Analysis of variance showed that throughfall, canopy interception, 

overland flow, floor interception and floor leachate varied significantly 

between the pre, mid and post monsoon periods. Stemflow did not show 

significant variation between rainfall timings. In case of overland flow . 

significant variation between land-use was recorded (Table 5.11 ). 

Throughfall ranged from 54% in the cardamom-based agroforestry to 73%. 

in natunil forest. The partitioned throughfall positively correlated with the 

incident precipitation (r = 0.76; d.f. = 8; P<0.01). The stemflow was 
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recorded highest in traditional agriculture-based agroforestry (6o/o) 

lullowt:d by twtund forest (2'%) Hllll lowest in !urge eurduuH.>lll base~ 
I 

agroforestry ( 1%) of the total tainfall. Canopy interception accounted for 

45o/o in cardamom-based agroforestry ·.system followed by 31% in 

traditional agriculture-based agroforestry and 25% in natural forest (Table 

5.11). About 62% ofthroughfall and stemflow was collected as leachate in 

large cardamom-based agroforestry system followed by 51% in traditional 

agriculture-based agroforestry and 31% in natural forest. Floor 

interception was highest (66%) in forest, followed by traditional crop 

based agroforestry (44%) and cardamom-based agroforestry (35%). 

5.3.5 Faunal composition 

Although the watershed forest is disturbed, a few terrestrial animals were 

sighted during our field visits and a few as reported by the local 

communities. Generally the· remains of anima~s such as porcupines stings, 

snake covers, footprints of mammals and the sightings of the barking deer 

(Mountiacus muntjak), yellowthroated marten (Martes flavigula) 

commonly called "Malsapra" were often made from the watershed forest 

and bog. Altogether 18 mammalian species, 2 reptilian species and 15 bird 

species were recorded (Table 5.12). Indian pangolin, Sloth bear, 

Himalayan black bear and Long ·beared hedgehog was said to be in the 

area long back but were not mentioned to be found as reported during 

community interviews. Ailurus fulgens is a rare species also reported to be 

sighted by the village community long back only. Their absence from the 

watershed may be due to the degradation of dense mixed forest. A number 

of snakes both in the watershed forest and peatland were encountereq 

which could not be identi_fied. Although the animal life assessment was 
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not the focus of the present study, the presence of these m the lake 

watershed has functional role to play in maintaining the biodiversity an~ 
I 

food chain of the system. 

5.4 Discussion 

The conspicuous land-use/cover changes of the lake and its watershed in 

the past 3 5 years have led to the expansion of the .bog area. Agricu~ture 

land expansion in the watershed caused major impaCt on the lake by 

increased sediment deposition· related with bog formation. Population 

growth, tourism and fragmentation of farm owning families have led to 

expansion of agricultural land, which enhanced soil erosion and reduced 

soil fertility. Areas under dense and open mixed forests have decreased 

and degraded forest increased remarkably during 1988. to 1997. Nearly 

three fold increase in settlements and agriculture area has been recorded in 

the past 20 years. The conversion of dense forest to open mixed forest and 

then degraded forests has been mainly attributed to fuel wood, timber 

extraction, fodder collection and grazing. 

The biological spectrum study represents phanerophytes as the 

dominating group indicating more arboreal and woody species. On the 

other hand higher percentage of therophytes showed that the vegetation 

have received disturbnnccs or the man made· stresses through agriculture, 

1:esource extraction and grazing pressure that lead to invasion by annual 

weeds. The cryptophytes, which contributes to 11%, was third highest life 

form and was recorded higher as compared to the Raunkier' s normal 

spectrum. These forms showed that they could withstand grazing pressure 

through hidden subterranean perrenating buds. 
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The density of the trees has been found lower in range compared to 

other temperate forests or the world, which accounts to be 350-208p 

trees/ha (Ralhan et al. 1982). The distribution pattern of the vegetation of 

the forest indicated that there is no-. .regular _distribution, except 

Castanopsis tribidoides and Symplocos theifolia, which showed more 

evenness. "Other species" group showed contagious distribution, which 

revealed that there is a strong competition among the species. Several 

workers including Greg-Smith ( 1957), Kershaw (1973) and Singh and 

Yadava ( 197 4) have reported this type of general preponderance of 

contagious distribution on natural vegetation. The basal area of the present 

study site is on the higher range when compared with other temperate and 

-tropical forests (Saxena 1979). This is due to the presence of old large 

tress of canopy species. 

The· forest is dominated by Castanopsis tribuloides in association 
l 

with some secondary species. These secondary species have invaded the 

forest and spread as a ·result of anthropogenic pressure. Presently, the 

occurrence of some secondary species such as Symplocos theifolia, 

Viburnum cordifolium and Eurya acuminata are increasing. The density of 

the tree has substantially reduced compared with other temperate foresf of 

the Himalayas (Saxena 1979; Rahlan et al. 1982; Sundriyal and Sharma 

1996). Dominance of sub-canopy species in the lower diameter class 

states the· dominance of these species in the near future. Some of the 

species such as Alnus nepalensis, ArtocG!pus lakoocha and Aporosa 

dioica were not in the tree stratum but are found only in the regenerating 

stage. The canopy species such as Castanopsis and Magnolia are 

regenerating inadequately while secondary species like Symplocos, Eurya 
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and Viburnum sp. are regenerating most successfully. This was due to free 

grazing by animals in the watershed .area and removal' of small diameter 

class tree species for the purpose of fuelwood due to easy extraction by 

the children and women. Eurya acuminata, Viburnum cordifolium and 

81'111!1/rlc'os tllr·{lillirt :m• niNo highly pn·li:·rTl'd 1111tl t,•olk·~lrd lill' lirl•hvood 

(as reported by the local community during participatory rural appraisal 

program). 

Tree stage class presentation showed upright pyramids for most of 

the spectes, 'other species group' and 'total species'. However, the 

Castanopsis tribuloides showed inverted pyramids where regenerating 

seedlings and saplings were very few and only big trees remained. The 

regeneration is very p9or in this climax canopy species. Small trees are 

very less and big trees are removed as it is priced for both timber and 

fuelwood, The presently dominating Castanopsis might become only a 
I 

representative species soon and, then disappear. It is envised that forest 

structure also would change. The .canopy species Quercus lamellosa 

which is a well known climax dominating species ih the region (Sundriyal 

and Sharma 1996) are very few in the number of standing trees and 

regeneration was totally absent. It is understood that Quercus is already 

~ squeezed and likely to disappear from the area. The sub-canopy species 

--~ 

are likely to dominate most in near future as they showed balanced 

distribution of tree stage ~lass in the form of upright pyramid. With the, 

increasing biotic pressure the canopy species will be devoid of 

regeneration and expected that the forest will be dominated by the 

secondary speCies in the near future. The- secondary species accumulate 
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lower biomass compared to canopy species thus affecting the availability 

or ruelwood and timber for the ever-increasing population: ( 

The woody biomass productivity of the tree species was 9.5 

Mg/halyr. Biomass recorded in the present study was within the range of 

other tclltpcrutc l'orcsts (Ncgi et a/. 1983; Rnwut nn~l Singh 1988; Singh 

and Singh 1984 ). Some of the tree species like Zanthoxylum 

acanthopodium and Machiln"i edulis showed low biomass increment 

during the period of three years. 

The species richness and diversity· being higher in winter seasons 

was due to fair amount of rainfall in early winter season which might have 

favored the growth and propagation of certain plant species. The higher 

dominance in the rainy season was attributed to certain plant species 
· .. 

contributing to higher lVI than other species whereas in other seasons the 

lVI values were evenly distributed. The productivity of the forest is found 
\ I 

to be higher than that of the forests of Kumaon Himalaya (Melkania and 

Singh 1989) but the pressure of grazing and removal of fodder has 

increased recently (see Chapter IV). The reduced density of the trees, 

decrease in canopy species, pressure of grazing and trampling, and the 

·considerable decrease in species diversity, few saplings from the disturbed 

-~ forest along with the inevitable consequences of unstable rainfall has 

increased soil erosion and increased the recurrence of landslides. 

The overland flow from the bare land was greatest compared to 

other land-uses. Soil loss from the open cropped area was maximum 

followed by bare land, forest, and minimum from large cardamom-based 

agroforestry. The overland flow and the soil loss in the large cardamom

based agroforestry system were less because of good tree canopy and 
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under-storey thick large cardamom bush coverage. The low overland flow 

recorded in natu~·al forest and cardamom-based agroforestry wap 

cotttpttrllhle witlt VIIIIIL'~~ I'L'pmted l"or tile l'entml llintuluyutt J(.li'0Hl u11d 

Mamlay watershed of the Sikkim Himalaya (Pathak et al. 1983; Negi et 

al. 1998; Rai and Sharma 1998a). On steep forested slopes in Australia, 

Bren and Turner (1979) found that the overland flow was only 0.005% of 

the rainfall. That was quite low compared to the present study, which may 

be due to the disturbed forest. Soil deposition in the lake was 141 Mg/yr 

besides 6.88 Mg/yr of organic carbon, 1.42 Mg/yr of total nitrogen and 

0.31 Mg/yr oftotal phosphorus was recorded. Total soil loss from the lake 

watershed was 502 Mg/km
2
/yr. This is lower than 616 Mg/km2/yr from a 

watershed in south Sikkim (Rai and Sharma 1998b ), however it was at the 

lower side of the range of 5 00-1 000 Mg/km 2 /yr reported for the 

Himalayan region by Milliman and Meade1(1983). 

The soil loss from the agricultural land was greatest followed by 

bare land, forest and cardamom ugrof'orestry. Cultivated area occupied 

13.4o/o of the total lake watershed and~' contributed 22.7o/o runoff, 42.5% 

soil loss, 33.2% organic carbon, 27.1% total nitrogen and 39.6% oftotal 
. 

phosphorus. The agriculture practice although small in area contributed 

significant amount of soil and nutrient loss. Therefore, agriculture practice 

in the form of open cropped area in the lake watershed has to be 

niinimized and should encourage agroforestry practices that showed lower 

rates of soil and nutrient loss. The forest cover although contributed 

insignificant amount of soil loss in mean annual basis as compared to 

other land uses but its degradation may have adverse efiects. Around 164 

kg/ha of soil loss was recorded from the disturbed forest, which is 6.56 
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times higher than the undisturbed forest when compared for six rainfall 

events. The importance of vegetation in the abatement of the soil erosion 
I 

was well explained by Stocking (1984) and Ambasht (1996). The higher 

soil loss is due to the small diameter class trees, which are inefficient in 

binding the soil and also due to the pressure of resource extraction (see 

Chapter IV). Hence, the land use/cover change, which resulted in increase 

of agricultural land, conversion of dense mixed forest to open mixed· an4 

degraded forests, resource extraction practices, grazing and trampling all 

the major factors contributing for soil and nutrient loss in the watershed. 

The throughfall, stemflow, and canopy interception results are 

similar to those of forests of the Central Himalaya and the Mamlay 

watershed in South Sikkim (Pathak et al. 1983; Negi et al. 1998; Rai and 

Sharma 1998a). Throughfall in natural fewest was highest as a result of 

more canopy coverage. Throughfall of s·imilar magnitude has been 
I 

reported by several workers (Henderson et al. · 1977; Rai and Sharma 

1998a). Canopy interception was recorded highest in ·large cardamom

based agroforestry, which showed good tree canopy and under-storey 

cardamoin coverage. Pathak et al. ( 1983) reporte'd positive relationship of 

interception with canopy cover in the Oak forest of the central Himalaya. 

~ Waring et al. (1981) argued that the surface area of the forest is an 

important determinant in interception processes. Comparison between 

forest and agroforestry systems showed that totality of canopy _and floor 

interception is very important determinant for water availability with 

respect to floor leachate. Floor interception· of precipitation was directly 
·-

related with the floor litter composition and quantity. The forest had more 
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floor interception as a result of its thicker litter layer. Good vegetation 

cover will protect the soil against erosion (Ambasht 1996). ( 

The above stated physical events have now assumed to have 

detrim:ental effects for the lake health and; its longevity. The sediment and 

nutrient inputs from the disturbed watershed are filling up the lake 

gradually leading to elevation of surface and growth of vegetation. The 

vegetation in turn affects the flow regimes decreasing the frequency and 

depth of flooding, so that less sediment and nutrient is exported out from 

the system. Differences in the hydro-ecological attributes of the land

use/cover investigated in this study c~m form a background for soil and 

water conservation in the lake watershed. Our findings suggest" that the 

dense mixed forest cover should be maintained on the ridges of the lake 

watershed to regulate stream flow. The conversion of forests to 

agriculture land has been quite conspicuous in the past few decades and it 
l . 

has to be reversed immediately • 
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Table 5.1 Land use based stand characteristic for the hydro-ecological studies in 

the Kheeheopalri luke wutershed 

Land-use Altitude Slope Tree Basal Canopy Dominant tree 
(m) (deg) height cover ·cover I species 

(m) 2 2 
(m /ha) (m /ha) 

Forest 1700- 25-35 16 ± 1 58 6805 Castanopsis 

2375 tribuloide's, 

Symplocos 

theifolia, 

Machilus edulis, 

Eurya acuminata, 

Viburnum 

cordifolium 

Cardamom- 1700- 20-30 8.8 ± 1 92 1406 Prunus 

based 1850 cerasoides, Eurya 

agroforestry ac:uminata, Alnus 

nepalensis, Ficus 

hookeri 

Traditional 1775-. 30-35 5.5 ± 4 35 727 Prunus chinensis, 

crop-based 2375 Ficus nemoralis, 

agroforestry Ficus hookeri, 

Prunus persica, 

-~. 
Machilus edulis 

·Bare land 1700- 25-35 

1900 
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Table 5.2 Comparison of land-use/cover change detection of Khecheopalri lake 

watershed. Total watershed area 1209 ha;- Land use not demarcated. 

. Land- Years 
use/cover 

1963a 1976a 1988b 1997b 

Area Area Area Area 

(ha) ( %) (ha) ( %) (ha) ( %) (ha) (%) 

Dense mixed 1160 95.94 1145.0 94.70 310.80 25.70 272.20 22.53 
forest 

cOpen mixed 693.20 57.33 492.00 40.69 

forest 

Degraded 91.70 7.58 254.00 21.00 
forest 

Settlement 38.20 3.15 53.20 4.40 100.00 8.27 162.50 13.44 
and cropped 
area 

Rock out crop 2.50 0.21 17.50 1.45 

Lake water 7.40 0.61 6.80 0.56 6.60 0.54 3.79 0.31 
surface 

Bog are~ 3.40 0.28 4.00 0.33 4.20 0.34 7.01 0.58 

a Based on survey of India map; b Based on satellite imageries; c Large cardamom agroforestry 

~ has been included in open mixed forest category (69 ha). 
-
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Table 5.3 Density, basal area, importance value index (IVI) and the regeneration status 

of tree species in Khecheopalri lake watershed 

Species Density Basal area IVI Regeneration 
(tree/ha) 2 (m /ha) Seedlings Saplings 

(per ha) (per ha) 

1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 

Alnus nepalensis 16 

Andromeda elliptica 4.0 4.0 0.5 0.3 4.5 4.6 8 7 

Aporosa dioica 48 84 60 48 

Artocarpus lakoocha 28 24 4 -------
Beilschmiedia sikkimensis 4.0 8.0 2.0 2.4 6.8 12.5 31 80 68 

Castanopsi~ hystrix 8.0 4.0 1.5 0.3 9.9 4.3 

Castanopsis tribuloides 76.0 88.0 38 41.3 111 143 9 1 

Cinnamomum obtusifolium 4.0 4.0 0.4 0.9 4.4 5.5 4 24 13 

Engelhardtia spicata 8.0 8.0 1.1 1.8 9.4 11.0 

Eurya acuminata 24.0 28.0 1.8 1.7 19.0 28.3 620 374 2"'"' .).) 177 

Ficus nemoralis 8 

Juglans regia - 4.0 4.0 1.8 1.3 6.5 6.0 

Machilus edulis 16.0 16.0 6.8 3.1 25.0 21 

Machilus sp. 8.0 1.7 10.0 172 91 48 44 

Magnolia campbellii 4.0 4.0 1.1 0.8 5.4 5.2 12 4 

~ Morus laevigata 8.0 4.0 2.0 0.4 8.5 4.6 

Prunus sp .. 8.0 1.0 9.2 

Quercus lamellosa 4.0 0.5 4.7 

Symingtonia populnea 12.0 8.0 4.0 1.5 13.0 10.0 

Symplocos theifolia 48.0 24.0 2.4 0.8 43.0 22.0 2864 2828 1988 1740 

Viburnum cordifolium 8.0 12.0 0.9 0.7 8.9 13.0 1240 1304-'708 760 

ZanthC?xylum sp. 4.0 4.0 0.7 0.3 4.9 4.3 

Total species 248 224 68 58 300 300 4976 4818 3117 2866 
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Table 5.4 Increment in woody biomass of tree species in Khecheopalri lake watershed 

Species Basal area Biomass 
7 

(m-/ha) (Mg/ha) 

1997 1998 1999 1997 1998 1999 

Andromeda elliptica 0.5 0.5 0.5 2.9 3.02 ..., ..., 

.) . .) 

Beilschmiedia sikkimensis 8.8 8.9 8.9 54 55.1 56 

Artocarpus lakoocha 0.2 0.2 0.2 1.3 1.36 1.4 

Castanopsis tribuloides 28 29 29 123 126 128 

Engelhardtia spicata 0.4 0.4 0.4 3 3.17 ..., ..., 
.) . .) 

Eurya acuminata 
..., ..., 

3.1 10 11.1 12 .) .) ------
Juglans regia 3.2 

..., ..., 

.) . .) 3.4 25 26.3 27 

Machilus edulis 7.1 7.2 7.3 47 47.9 49 

Morus laevigata 0.9 0.9 0.9 7.2 7.43 7.6 

Prunus sp. 1.2 1.2 1.2 9.3 9.6 10 

Rhododendron arboreum I 4.1 4.2 4.3 28 28.5 29 

Schima wallichii 0.3 0.3 0.3 0;56 0.56 0.6 

Evodia fraxinifolia 0.1 0.1 0.1 0.4 0.57 0.7 

Cinnamomum _obtusifolium 0.1 0.1 0.1 1.3 1.32 1.5 

Symplocos theifolia 1.1 1.1 1.3 7.5 8.47 9.7 

Castanopsis hystrix 0.7 0.7 0.8 5.6 5.67 6 ., 

Zantht?_xylum acanthopodium 1.1 1.1 1.1 9.9 9.89 10 

,_____..k,, 
Total species 61 62 .63 336 346 355 
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Table 5.5 Seasonal ground vegetation composition of the Khecheopalri lake watershed 

Seasons/Species Frequency Density Basal area Importance 
2 . 2 2 Value Index -"· (%) (plants/m ) (em /m) 

Spring season 

Piper longum 68 16.00 1.13 56.01 

Brachiaria eruciformis 64 17.84 0.14 41.42 

Selaginella sp. 52 15.68 0.49 41.41 

Cyperus rotundus 16 4.00 0.79 21.98 

Cissus repanda 16 3.00 0.53 16.42 

Oenanthe thomsonii 16 3.68 0.46 16.27• -----A 
.Viola canescens 28 2.00 0.25 13.29 

Polygo_num sp. 24 1.00 0.30 11.83 

Nasturtium officinale 16 0.60 0.44 11.71 

Centella asiatica 12 0.30 0.47 11.29 

Other species 8.90 1.13 58.38 

Total species 73.00 6.12 300.00 

Rainy season 

Elatostema platyphyllum 68 18.52 1.34 51.63 

Pilea scripta 72 17.72 1.25 49.81 

Selaginella sp. 80 18.08 0.57 42.71 

Brachiaria eruciformis 84 17.20 0.14 36.72 

Viola canescens 36 5.48 0.69 21.75 

Arisaema intermedium 12 0.20 1.41 20.82 

Alocasia sp. 8 0.08 0.81 12.14 

Urtica dioica 8 0.16 0.69 10.60 

Tupistra nutans 12 0.40 0.31 6.68 

Daphne involucrata 24 0.80 0.06 
-..... 

5.89 

Other species 6.00 0.38 41.24 

Total species . 85.00 7.65 '300.00 
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Winter season 

C'yperus rotundus 20 13.88 1.74 37.99 ' ( 
Silaginella sp. 64 15.96 0.50 35.21 

Brachiaria eruc(formis 92 10.80 0.08 29.28 

Viola canescens 40 4.00 1.26 24.20 

Centella asiatica 24 7.00 0.88 21.45 

Oenanthe thomsonii 20 3.80 1.07 18.81 

Eupatorium cannabinum 20 4.80 0.94 18.72 

Piper longum 36 0.84 0.70 14.07 
-

Hydrocotyle javanica 24 6.30 0.20 13.79 

~~ Pilea scripta 28 4.60 0.12 11.70 

Other species 8.02 2.47 75.47 

Total species 80.00 9.97 300.00 
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Table 5.6 Species indices of ground vegetation of Khecheopalri lake watershed 
/ 

Species indices/parameters Seasons 

Spring Rainy Winter 

Number of species encountered 20 22 24 

Species riclmess (Margalefs index) 2.53 2.74 3.01 

Diversity index (Shannon's index) 2.16 1.95 2.57 

Equitability index (Buzas & Gibson's ~ndex) 0.43 0.31 0.54 

Dominance index (Simpson's index) 0.11 0.24 0.16 

------

Table 5.7 Standing state of biomass in different months and net primary productivity 

of ground phytomass in Khecheopalri lake watershed 

Species Standing biomass (g/m
2

) Net 
, productivity 

2 
Feb Apr Jun Aug Oct Dec (g/m) 

Brachiaria eruciformis 20 34 74 93 68 32 73 (22.3) 

Elatostema platyphyllum 21 56 88 88 74 19 67 (20.4) 

Pilea scripta 23 50 78 81 42 29 58 (17.7) 

~~ Selaginella sp, 16 31 42 49 33 24 33 (10.0) 

Other species 31 77 128 I28 45 84 97 (29.6) 

Total species II 1 248 4IO 439 262 188 328 (I 00) 

Values in parenthesis are in per cent contribution of net productivity 
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Table 5.8 Rainfall, runoff and eroded soil characteristics of different land-uses of the Khecheopalri lake watershed 

Runoff parameter Forest Cardamom agroforestry Cropped area Bare land 

Overland flow (% of precipitation) 2.06 1.79 3.79 4.77 

Runoff (xl 05 1/ha/yr) 6.7 5.8 12.4 15.6 

Soil loss (kg/ha)* 25 15 405 156 

Soil loss (Mg/ha/yr) 6.39 1.19 28.42 19.92 

Sediment fractionation of eroded soil (%) 

Gravel (>2 mm) 12 7 2 12 

Sand (2-0.04 mm) 74 . 84 86 67 

Silt (0.04-0.09 mm) 9 3 11 14 

Clay ( <0.09 mm) 5 6 1 7 

Eroded soil nutrient (kg/ha/yr) 

Organic carbon 328 38 969 739 

Total nitrogen .... -41 5 91 122 

Total phosphorus 13 2 51 39 

Runoff water nutrient (kg/ha!yr) 

Total nitrogen 7.81 7.03 6.64 6.55 

Phosphate-phosphorus 0.12 0.07 0.11 0.19 

Runoff organic debris 

(g/1)* 1.96 1.75 1.28 1.29 
·' 

(Mg/ha!yr) 1.31 1.13 1.59 2.01 

*Mean of six rainfall events 

--...., 
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Table 5~9 Nutrient concentration of parent and eroded soils under different land use in 

the K.hecheopalri lake watershed. Values are mean (n=6) for composite sample 

Land Use Soil Organic Total Total 

type 
a carbon nitrogen phosphorus 

(%) (%) (%) 

Forest PS 4.51 0.47 0.146 

ES 5.13 0.65 0.197 

Cardamom agroforestry ·PS 3.11 0.35 0.199 

ES 3.19 0.40 0.187 

Open cropped area PS 2.27 0.28 0.225 

ES 3.41 0.32 0.179 0 

Bare land PS 2.15 0.15 0.676 

ES . 3.71 0.61 0.197 

ANOV A P values 
b 

Land-use 0.005 0.050 NS 

Soil type 0.050 0.005 0.050 .--. 

Land-use x Soil type NS 0.001 NS. 

LSD(o.os) 0.070 

a PS=Parent soil; ES= Eroded soil; b Beneath each column P values associated with 

analysis of variance are · given with LSD values (P = 0.05) applicable for means of 

land use and soil type. NS is not significant 
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Table 5.10 Nutrient movement in the lake from the lake watershed. 

Spring Rainy Winter Total 

Inlets 

Nutrients (Mg/yr) · 

Total nitrogen 0.009 2.23 0.003 2.24 

Total phosphorus 0.002 0.675 0.001 0.678 

Organic carbon 0.04 0.7 0.02 0.76 

Overland flow 

Nutrients (Mg/yr) 

Total nitrogen 1.05 1.05 ----
Total phosphorus 0.51 0.51 

Organic carbon 10.2 10.2 

Outlet 
/ 

Nutrients (Mg/yr) 

Total nitrogen 0.019 1.85 0.009 1.88 

Total phosphorus 0.007 0.87 0.003 0.88 

Organic carbon 0.14 3.94 0.0021 4.08 

-No overland flow during spring and winter seasons 
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Table 5.11 Precipitation partitioning in three major land uses of the Khecheopalri lake watershed. Values in parenthesis are 

percentage 

Partition components 

'· Incident precipitation (mm) 
..... 

Through fall (mm) 

Stem flow (mm) 

Canopy interception (mm) 

Overland flow (mm) 

Floor interception (mm) 

Floor leachate (mm) 

Biomass incorporation (mm) 

PM M 

1068 1998 

566 1548 

31 72 

471 . 378 

18 41 

458 977 

120 601 

Forest 

POM 

572 

501 

7 

64 

6 

367 

1
..,.., 
.:).) 

Land-use 

Cardamom agroforestry 

Total PM M POM Total 

3638 1068 1998 572 3638 

2615""(73) :- 525 1338 268 2131(54) 

109 (2) 10 30 8. 47.4 (1) 

914 (25) 533 630 296 1460 (45) 

65 8 39 4 51 

1804 17 676 76 769 

854 510 653 196 1359 

0.63 0.52 

Rainfall time: PM= Pre-monsoon; M= Monsoon; POM= Post- monsoon 

Traditional crop based agroforestry 

PM 

1068 

452 

11 

606 

9 

5 

449 

M 

1998 

1351 

309 

338 

81 

1059 

520 

POM 

572 

453 

7 

112 

9 

98 

353 

Total 
---~~-~ ..... ;,.~ 

3638 

2256 (63) 

327 (6) 

1055(31) 

100 

1162 

1332 

0.10 

ANOVA: Throughfall- Rainfall time F3,s=63.5, P<0.005; Stemflow- Rainfall time F3,s=1.72, NS; Canopy interception- Rainfall time 
I 

F3.8=16.5, P<O.OOS; Overland flow- Land-use F3,2o=3.2, P<0.05; Rainfall time F3,2o=9.8, P<0.005; Floor interception- Rainfall time 

F3.8=10, P<0.005; Floor leachate- Rainfall time F 3,s=10.1, P<0.005. Land-use did not show significant variation for all parameters 

except overland flow 
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Table 5.12 Faunal composition ofthe Khecheopalri lake watershed 
' I 

Scientific name Family Common/local name 

Aves 

Gypaetus barbatus Accipitridae Lanmergeier 

Megalaima frankhnii Capitonidae Golden throated Barbet 

Cissa chinensis Corvicl~1e Green Magpie 

Cissa erythrorhyncha Corvidae Redbilled Magpie 

Cissa fuvirostis Corvidae 1:Yellow billed blue Magpie 
~ 

Dendrocitha formosae Corvidae Himalayan tree pie 

Dicrurus adsimi(is Dicruridae Black Drongo 

Mylcophonus caeruleus Muscicapidae Whistling thrush 

Muscicapa westermnii Muscicpidae Little pied flycatcher 

Minla strigula Muscicpidae Bmthroated Siva 
I 

Heterophasia annectens Muscicpidae Sikkim chestnut trump sibea 

Ficus flavinucha Picidae Large yellow naped 
Woodpecker 

Dendrocopus cathparius Picidae Crimson breasted pied 

Dendrocarpus dinopium shril Picidae Golden backed three toed 

Blythipicus pyrrotis Piciclae Red earned Woodpecker 

~ 
Reptiles 

Hemidactylus jluviviridis Agamidae House gecko 

Calotes versicolor Agamidae Common garden lizard 

Mammals 

A ilurus fulgens Ailuriclae Red panda 
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Canis aureus Canidae Jackal (Siyal) 

Vulpes vulpes Canidae Red fox 

Macaca silenus Cercopithecidae Lion tailed macaque 
(Suhukabu) 

Macae assamensis Cercopithecidae Assamese macaque (Suhu) 

Mountiacus muntjak Cervidae Barking deer 

Hystrix indica Erethizontidae Indian porcupine (Dumshi) 

Felis marmorata ' Felidae Jungle cat (Sikmar) 

Felis bengalensis Felidae Leopard cat 

-·------. Paradoxorus hermaphroditus Felidae Common palm civet 

Herpestes vitticolis Herpistidae Stripe necked mangoose 

Martes flavigula Musletidae Yell ow throated martin 
(Malsapra) 

Ratufa indica Sciuridae Indian giant squirrel 
(Lotharkay) 

Ratufa bicolor Sciuridae Malayan gaint squirrel 

Funambulus pennanti Sciuridae Five striped palm squirrel 

Suncus marinus Soricidae Grey musk shrew (Timzing) 

Viverra zibetha Viverridae Large Indian civet 

Local names given in parenthesis are either in Nepali, Lepcha or Bhutia. 
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Fig. 5.2 Extent of open water surface (shaded) and peat land development in 1963 
(a) and 1997 (b) of Khecheopalri lake 
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Fig. 5.3 Raunkiaer's normal spectrum (a) and biological spectrum of the 
Kecheopalri lake watershed (b) 
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Fig. 5.4 Diameter class distribution of density of some important tree species, 
"Other species" and "Total species" in the Khecheopalri lake watershed forest. 
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Fig. 5.5 Diameter class distribution of biomass of some important tree species, 
"Other species" and "Total species" in the Khecheopalri lake watershed forest. 
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Fig. 5.6. Percent density of canopy (Castanopsis tribuloides), middle canopy 
(Machilus edulis), sub canopy (Symplocos theifolia and Eurya acuminata), 
"Other species" and "Total species"in different life stage classes (SE=Seedling 
height <20 em, SA=Sapling height >20 em butDBH<l 0 em, ST =Small trees 

diameter> lO em but <30 em and BT=Big trees diameter >30 em) in the lake 
watershed 
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CHAPTER VI 

The peat/and 
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·, 
CHAPTER VI 

6.1 Introduction 

Peatlands are the wetland ecosystems that develop when plant production 

is greater than decomposition. Partially decomposed materials gradual~y · 

accumulate to develop a peat. The peat deposits are composed largely. of 

moss stems and leaves or partially decomposed remains: of vascular plants. 

Specific geographic and geologic characteristic (climate and atmospheric 

chemistry, watershed geology and hydrologic turnover) and openiless of a 

site largely determines the peatland development and its overall chemical 
' 

properties. They are best developed in_ the temperate . glac~ated regions 

where the precipitation is abundant throughout the year, atmosp~eric 

humidity is high, ·soil temperature is low~ ·,evaporation is. reduced, runoff 
' ~ - . 

water is minimized and the abundant growth of the plants are possible 

(Welch .1952; Proctor 1995; Moore and Bellamy 1974; Bradbury ·and 

Grace 1983 ). Peatlands an~ although resistant to ~?icroclimatic change and 

remains unchanged for thousand of years. They are useful 'in various ways 
. . 

·but fill the lakes with organic sediments produced at the bottom. They 

-~ may be termed· as minerotrophic, ombrotrophic or transition peatlands· 
~· . . 

depending on the mineral content and inflow-outflow systems (Kulzynski 

1949; Walter 1973; Moore and Bellamy 1974). Bog is a term that should 

be reserved for the acid nutrient-poor peat forming ecosyst~ci-- that are 

dependent entirely on the hydrology of a system. ·The floating mats of 

vegetation colonize the lake surface and form a platform in which the bog 

vegetation develops and a moss ·of Sphagnum dominates the bog. 

I 
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Voluminous literature that deals on the formation of peat are(. 
. . 

available with more foc~s on the geologic, topographic, climatic and 

biotic controls of an area (Heinselman 1970). However, the ultimate result 

is the terrestrialization of the peat where targe number of species invades 

to develop a mesic condition. Contrary to it, the. process of 

'paulidification' may occur by the invasion of the· ,bog vegetation· to 

upland forest (Klinger 1996a) .. 

Peatlands. exist throughout. the world, particularly in northern 

temperate and boreal latitudes and is common feature of glaciated 

landscapes (Curtis 1959; Larsen 1982). They cover about 1% of the 

earth's surface, or about 150 million hectares, mostly in the former Soviet 

Union, Canada, and the United States (Moore and Bellamy 1973). Canada 

alone has approxi~ately _11 0-130 million ~ectares of peatland that gives 

the largest peat resources of the world (Zoltai 1988). Peatlands have 

developed in northern latitudes around the world since the ·retreats ·of 

Pleistocene glaciation and particularly since the oriset of relatively cool 

moist climates about two to three tho us arid years ago (Heinselman 1963, 

1970, 1975). Pollen trapped in peat during the process of development of 

~ peatlands provides a record of climatic and vegetational change of the 

~ .. 

respective period. . Post glacial archeological information has been 

un,covered from accumulated peat where dead body of people haye been . 

found buried and preserved intact for around 2,000 years in European 

bogs (Godwin 1981 ). Peatland studies have drawn worldwide interest 

because of its economic importance as a fuel, soil conditioner, unique 

biota and successional patterns. 
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Peatland area is recorded to be 32,000 ha in ~nqia (Bord ria Mon~ j 
. 1 '· •' ' 

1984 ). Peatland studies in India is new to ecological science, howevef ' 

listings of peat forming areas in India was already made by Sc~tt ( 1989). . . . .. 

Report on the formation of peatland in the Himalayan region ·is not · 

available except the Khecheopalri lake. under present study. It is situated 
., 

in the temperate zone at an altitude of 1700 m. This · peatland is in a 

transition phase and possesses characters of more of a bog than fen. The 

lake.had an open water area of7.4 ha and peatland of3.4 ha in 1963. Area 
' under peatland reversed in a span of 45 years with an open water of 3.8 ha 

and 7 ha peatland (Jain eta/. 2000; Chapter V). The peatland is covered 
r 

with 85% of herbaceous vegetation including moss and 15% by shrubs 
" j •• 

and woody vegetation. 
' 

This chapter deals with the determination of peatland age and its 

formation, and vegetation succession, terrestrialization and nutrient . 
. ' . 

dynamics of peat. A thrust was given on the role of peatland as an inter-

linking .system between the watershed and the lake. The role of peatland 

on filtering of sediment transported by overlan~ flow from the disturbed . 

watershed has also been dealt. 

6.2 Materials and methods 

. Four sites have been selected for the deta.iled study of peatland 

cod~idering site I and II as disturbed sites and Site III and IV as relatively 

undisturbed sites (see Fig. 7.1 ). Site characteristics about peatfand with 

total peat depth, ,water depth encountered and dominant vegetation cover 

of the four sites have been given in Table 5 .1. 
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6.2.1 Peat stratigraphy 

Stratigraphy {vertical strata) of peatland was documented on the basis ~f 

visual col~r differences, degree of decomposition, botanical composition 

and structure at a distance of 2m, 30m, 60 m and 90 m along· a transect 

from the lake edge to the bog forest edge by measuring the thickness of . . 
the peat strata with a metal scale (Kratz and De Witt 1986). Peat bulk 

density was determined along the distance at one depth (50 em). Percent 

organic matter of oven-dried peat samples was determined by ignition at 
.. 

_. 450 °C for 6 hours (Kratz and De Witt 1986). 

6.2.2 Age determination 

The age of the peatland was tested by estimating vertical accumulation 

rates at 4 locations (2 m, 30 m, 60 m and 90 m) in a transect from lake 

periphery to bog forest edge in three depths i.e. 50 em, 100 em and 150 

em. Lake sediment was collected at 700 ~m. Samples of peat were 

removed t~ough systematic excavation using gloves and samples were air 

dried and packed in aluminium foils Radiocarb~n was dated in Birbal 

Sahni Institute of Paleobotany, Lucknow, India. 

6.2.3 Vegetation analysis 

The vegetation in the Khecheopalri bog was extensively Sl.lrveyed during 

1997-99. The .. plants were identified following standard literature (Hooker 

1857; Smith and cane 1911; Polunin and Stainton 1984; Ganguley 1972) 

and classified on ,the basis of life forms (Raunkiaer 1934 ). 

Per cent basal cover of the bog was estimated at four peripheral 
' zones at (2m, 30 m, 60 m and 90 m) al~ng a transect from the lake edge 

towards the bog forest edge by random quadrats of 1 x 1 m (n-:-48) for 
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herbs, 5x5 m (n=32) for shrubs and lOxlO m (n 16) for trees. For stree( 

species the basal area was measUi·ed at breast height (1.3 m above the 

ground) whereas for the shrubs and herbs basal area was measured at the . 

ground level. The basal area was expressed on unit area basis and then the · . · 

per cent for each plant types were calculated. ' 

The vegetation analysis was done at the four sites selected for the 

study. Species -composition was done in stratified random quadrats for 

herbs lxl m (n=75), shrubs 5x5 m (n=45) and trees lOxlO .m (n=25) 

plots. Ground vegetation of the bog in general was studied in stratified . 

random quadrats 1 x 1 m (n=75) during March (spring), July (rainy) and 
I 

December (winter). Total numbers of individuals of each species were 

recorded. Density, frequency and importance value index (IVI) of each 

species was calculated following Phillips 0?49). 

Species indices was calculated following Margalefs· (1957) for 

specie_~ ;richness, Shannon's (1948) for species diver~ity, Buzas and 

Gibson's (1969) for equitability and Simpson's (1949) for concentration 

of dominance (see Chapter V). 

6.2.4 Biomass producti011 and organic matter deposition 

Herbaceous standing biomass was estimated using 50x50 em quadrat 

(n= 1 7) at the four sites .. The harvested samples were separated into 

different species and dried in a hot air oven at 80°C to constant weight and. 
• ' I o 

weighed. The exogenous supply of organic debris was estimated through 

the overland flow (see chapter V) and calculated using the value of total 

runoff from_ the different land use that drained the area using a .delivery 

ratio (Sharda et al. 1992; Jain et al. 2000). 
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6.2.5 Nutrient dynamics ( 

Cores were taken annually from the four sites (1997-98) at 0-50. em and 

50-100 em depth intervals below the peat surface at distance of2 m, 30m, _: 

60 m, and 90 m along a transect from the lake edge to bog forest edge for~: .. ; 

evaluating the horizontal continuity of the peat strata and the strata i : i 
., 

boundary. Wet samples were transfered immediately to polyethylene .bags : ·: 

to avoid excessive air contact. 

The peat samples were dried and sieved with 2 mm mesh for total 

nutrient analysis. Peat pH was determined u'sing digital pH meter and total 

nitrogen by modified Kjeldahl method following Anderson and Ingram 

(1993). Total phosphorus was estimated by chlorostannous reduced 

molybdophosphoric blue color method (Jackson 1967) and calcium was 

estimated using titration method following Allen (1989). Analysis of · 
- . . ' . 

. variance (ANOV A) was done usmg window based statistical package 

(Systat 1996). 
• 

6.3 Results 

6.3.1 Peatland formation and carbon dating · 

Khecheopalri, a glaciated lake, has the history of peat formation back to 

3400 years. ·The geological setting and disturbed land use practices from 

the upland watershed led to the accelerated soil erosion process ~ith the . 

movement of the sediment and water-laden nutrients that resulted into the · 

elevation of the periphery of the lake basin (Fig. · 6.1 ). Further 

accumulation of the silt deposits from the. disturbed land use blocked the 

inundation regimes coming from the watershed. The favored climate 

resulted in· the invasion by number of plants spectes from , the upland 
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forest. The herbs and sedges pro':'ided the substratum for the moss to ( : 

develop, which formed a thick spongy mat with slightly elevated1 surface, 
~ ' 

which further affected the inundation regimes· thus decreasing the depth 

and frequency of flooding resulting in seepage (Fig. 6.1 ). So the. less . !. 

organic matter is exported out and deposited as peat. With the surplus . :. 

water along · with the sediment from the watershed; and the peat : ~ ;· 

accumulation through herbs and Sphagnum, ·the vegetation covers the . 
• I . • 

open water surface and it developed a floating mat in the centripetal ! i. 

manner around the hike. I.t produces, a sound while walking which is often . 

cited as a "quacking bog" ('Schwingmoor' in German). From this floating· 

mat the peat slipped down to lake bottom (Fig. 6.1 ). 

6.3.1.1 Peat stratigraphy 

Two relatively discrete. peat strata wen:t fo~nd in the Khecheopalri i: ;· 

· p~atland with the lake sediments below. Mat peat, which consisted of · 

poorly decomposed peat of Sphagnum; herbs, ~ood pieces and 'twigs. The . 

organic matter varied from 45-93% with higher values at- the lake edge. 

The peat was light brown in color with identifiable interconnected plant 

remains and could be lifted vertically. The mat peat varied in thickness 

from 89. to 218 em at different distances from 60 m from bog forest edge 
... .~ l 

to 2 m at lake edge (Fig. 6.2). The .mat peat showed the alternating bands · · 

reflecting dry and wet climatic phases with oxidation favored by ,dryness · 

and new brown layer accumulating upon return of wetter conditions. The 

debris peat consisted· of the moderately decomposed material which was 
I , 

formed from the mat peat _and the organic matter content of 13-83% with 

the thickness ranging from 93 to 262 em was recorded (Fig. 6.2). The 

debris peat was recorded highest at 30 m distance from the lake. Below 
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the mat and debris peat was the lake sediment layer, that was deposited at( 

the lake bottom consisting of 30-70 % organic matter. The matyrial was 

dark brown to black, slimy and jelly like with almost no fiber content. It 

slowly increased from the bog forest egge towards the lake (5 to 97 em). 

giving the shape of the concave basin (Fig. 6.2). The stratum near the_ bog 

forest margin at 90 m distance was replaced by the eroded soil from the 

watershed upto 50 em depth. Below this depth pebbles and wood pieces 
I 

were encountered. Further below· a mixture of· peat and soil was 

encountered which has resulted frotp. siltation that occurred ·from upland 

watershed and also leading to soil depositio~ by landslides from uplands .. 

The bulk density varied widely (0.074-0.917 g/cm3
) with distance 

. ' . 

showing low values towards the lake edge (Fig. 6.3). It varied 

significantly with sites and distance. The prganic matter contents of the· 

peat samples showed a gradual decrease ·from the lake per~phery towards 

the forest margin. Analysis of variance showed significant differences of 

organic matter content between sites; depth ~nd distances (Fig. 6.3 ). 

6.3.1.2 Age determination 

The depth w1se accumulation of the peat also showed increased 

· radiocarbon dates stating· that the stratigraphic boundaries are present 

within the· peat stratum. It is generally concave structure but with the 

pronounced difference in micro-relief coupled with the peat slide down · 

along the concavity, resulted in certain distortion of the data. Peat 

formation started about 3000 year ago as indicated by buried sample from 

landslip at 90 m distance. Age of peat depth-wise_ depicted modern to 550 

. 
14C age for 50 em depth, 100-760 14C age for 100 em depth and 1410-

2770 14C age for 150 em (Table 6.2). The peat data from 50 and 100 em ' 
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depth of 60 m distance was found older than the peat between 2-30 m · · 

from the luke periphery. Depth-wise age of peat al.so showed increasin¥' 

trend till 100 em depth. However at 60 m distance at 150 em ~alibrated 

age was 1312 but at similar depth at 30 m distance it was 2860 (Table . 

6.2). The analysis of variance showed that 
14

C age of peat varied 
I . 

significantly with the depth (r2
=: 0.992, P<0.001) showed strong positive 

correla~ion (0.988) however, the distance although varied significantly 

. (r2=0.992, P<0.001) but shoW,ed a negative correlation (-0.326). The 

dating of wood encountered at 90 m distance showed the calibrat~d age of 

886-670 B.P. stating that the terrestrialization had started around 800 

years back and the oldest tree to be present ·at the bog edge is around 400 

years old. 

6.3.2 Terrestrialization 
' \ ( . 

Basal coverage study showed that there. was a sequential pattern of plant 

distribution on the peatland (see Photoplate 5). Highest coverage at 2 m 

distance was by mosses (87.9%) with some herbs (7%) and shrubs (6%). 

Sphagnum nepalense and Sphagnum . palustre dominated among the ·· .. 

mosses. Per cent basal coverage of the mosses decreased to 65% at 30 m 

distance whereas the herbs and shrubs increased by 21% and 13%, 

respectively (Fig. 6.4). The Brachiaria sp, Amaranthus sp., Fimbristylis. 

sp., Oenanth~ sp. and Juncus sp. mostly dominated among the herbs and 

Arundo sp. and Rhododendron sp. among the shrubs. A few trees (0.07%) 

were found to be growing at 30 m distance. Gr,adually the wet and 
' . 

• ' I ,; 

swampy condition changed to drier and mesic conditions at 60 m distance 

where the percentage of herbs and mosses declined drastically with 5% 
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and 6.5%, respectively. -However contribution by shru~ increased to 29% 
-
and that of trees to 60%. The dominating shrub species at this site werr· 

R_hododendron lindleyi, Sambucus adnata and Viburmun cordifolium. At 

90 m distance moss became negligible (0.28%) while the herbs increased 

slightly to 11% and the shrubs decreased to 5.4%. The maximum (84%) 

coverage here was of the tree species (Fig. 6.4). The dominating tree 

species were Magnolia sp., Acer sp., A:fachilus sp. _and Castanopsis sp. · 

6.3.2.1 Biological spectrum 

A total of 86 plant species belonging to 4 7 families and 82 genera was 

recorded in the peatland during the study period (Appendix 2). It 

constituted 42 herbs, 13 under-shrubs, 1 0 trees, 7 shrubs, 6 semi

hydrophytes, 4 hydrophytes, 2 climbers and 2 epiphytes. Majority of the 

plant species belonged to -families such as Polygonaceae, Ericaceae, 

Araceae and Asteraceae. The biological spectrum study showed the 
. I 

dominance by phanerophytes ( 46%) followed by hemicryptophyte (26% ), 

therophyte (13%), chaemephyte (9%) and cryptophyte (6%) (Fig. 6.5). 
\ 

6.3.2.2 Vegetation composition and biomass 

The herb density was found to be highest with the presence of Sphagnum 

moss as the dominating plant at all the sites upto 30 em distance (se_e 

Photoplate 5). Site Ill was highly diverse in vegetation composition. The 

density ~f the herb was recorded highest at the site II with 456 plants/m2 

and highest basal area (140 cm
2
/m2

) followed by the site I showing 453 

plants/m2 and 57 cm2
h11

2 basal area (Table 6.3). The highest basal area at 

the site II was due to the dominance by Acarus calamus. The species 

richness and the species diversity were recorded higher at site III with 
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greater dominance by a few species such as Acarus calamus and 

Sphagnum spp_. at the site II. 1rundo donax was the major shrub specier 

and Polygonum sp. was dominating herb at the site I. Site IV was 

dominated by Brachiaria eruciformis. The shrub density varied from 2944 

plants/ha from site II to 4192 plants/ha at site III. Site III showed high 

density with low basal area (2.1 m2/ha) dominated by Saccharum sp. The 

highest basal area (6 m2/ha) was recorded at ·site IV for the shrub spedes 

which was due to dominance by, Rhododendron sp. The tree density varied 

from 36 trees/ha to 256 trees/ha at site IV and. III, respectively. But the 

trees were small in size. The species richness and diversity were higher for 

all plant habits at site III, species were evenly distributed at site IV for 

herbs and site I for shrubs (Table 6.3 ). 

Seasonal analysi~ of vegetation showed only 20 plant species in the 

bog during spring season, whereas it incryased to 26 species in the rainy 

season and again reduced to 23 species 'in the winter season. The highest · :· 

density· was always recorded for Sphagnum spp. ·at all the seasons. 

Amaranthus sp. was next dominant species in the spring season with 27 

plants/m2
, whereas in rainy and winter seasons Brachiaria eruciformis 

was the second dominant species. The density of the plants contributed by 

the 10 dominant ~pecies with regards to IVI was 530 plants/m2 whereas. 

the other species contributed only 55 plants/m2 in the rainy season. The 

basal area for the 1 0 dominating species was higher in winter season (23 

cm2/m2
) and spring season (25 cm2/m2

) with Acarus calamus alone . 

contributing, respectively 6.9 cm2/m2 and 9.9 cm2
/ m2 (Tab.le 6.4). 
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The sp~cie~ richness values indicated that it was highest in the rainy 

season (2.61) with lowest diversity (1.09) and evenness (0.11) indicatin~ 

that the diversity was not only dependent on number of species rather 

r strongly influenced by equitability of distribution. The higher dominance 

(0.59) was recorded in the rainy season attributing to the dominance by 

Sphagnum spp. (Table 6.5). In spring and winter season the diversity was 

higher with more evenness and dominance index. 

6.3.3 Peat standing biomass and the exogenous supply 
. I 

The peatland of Khecheopalri was dominated by Sphagnum and vascular 

herbacious vegetation comprising 85% biomass and remaining 15% 

contributed by shrubs and woody species. Out of 85%, the Sphagnum 

dominated site accounted 27%, Acarus dominated site 24%, followed by 

otheP ·species dominated site 15o/o, Brachiaria dominated site 13% and 

least from Palyganum dominated site with 6% (Table 6.6). The highest 
. 2 . . 

standing biomass (960 g/m ) was recorded for Acarus sp. followed by 

Sphagn~m spp. (533 g/m2
). The highest standing .biomass at site II was. 

14.9 Mg followed by site I with 7.9 Mg. 

The total area of the lake watershed draining into the lake and bog 

~ is 91 ha (Fig. 3.1 ). The organic matter transported from various land uses 

of ~he watershed accounted 127 g!tn2/yr from agricultural land, 78.6 
2 . 2 

g/m /yr from forests, and 33.9 g/m /yr from cardamom ag~oforestr.y 

(Table 6.7). The highest deposition (64.8 Mg/yr) was recorded from the 

forest followed by agricultural land (9.5 Mg/yr) .. The net orgamc 

deposition in the lake was 0.8 Mg/ha/yr. 
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6.3.4 Nutrient dynamics 

The nutrient contents of the bog samples are presented in Table 6.8. The 

pH of the peat materials was acidic that ranged from 4.01 to 5.85 being 

higher at bog forest edge· and showed an increasing trend along the 

transect with depth in two years. Analysis of variance of pH showed 

significant differences with sites, distance, depths and year. Total nitrogen 

varied significantly with sites, depth, distance and year with concentration 
I 

·being generally higher in the upper layer (0-50. em) compared to the lower 
I ' 

depth (50-100 em). It ranged from 0.73 to 1.42% in different depths and 

( 

distances .from the lake. Total phosphorus was low and ranged from 0.003 

to 0.071% and increased with depth. Total phosphorus did not vary among 

sites and year but varied significantly between distance and depth. 

Calcium was iow and ranged from 0.?21 to 0.154% and showed·· 

increasing trend from the lake edge towards bog forest edge. Calcium 

varied significantly among sites, distance, depth and year (Table 6.8). 

6.4 Discussion 

Peatland formation is intimately tied to geographical setting, hydrology, 

plant biomass and its succ,ession, and chemistry_ of an area thus involving 

the physical and biotic processes. Sediment and nutrients are filling up the 

lake gradually through peatland increment and sliding down of peat. 

Around 141 Mg of sediments along, with 1.42 Mg of total nitrogen, O.JL 

Mg of total phosphorus and 6.88 Mg of organic carbon have annually 

found their way to the lake (Jain eta/. 2000 and als.o see. chapter V). The · i 

bulk density was found· low at the lake edge and gradually increased along 

the transect and sh/wed a positive correlation (0. 701) with distance 
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supporting that the peatlands are entrapping the silt comu~g from the/ 

disturbed land use. However, during the rainy season when m~st of the 

precipitation (85%) was received, the inflow to the lake was highest along 

with the higher nutrient load in the lake water (Jain et al. 1999 and also 

see Chapter Vll). Although the peatland is acting as a filtering interface its 

role is limited during rainy season because of the magnitude and rainfall 

received during this period. 

Deeper the original basin, the thicker the mat peat recorded near the 

lake edges. It increased vertically as well as horizontally in the centripetal 
,, 

manner around open water. The lake sedirnents and the peat at periphery 
' '· favored the growth of the herbs and sedges that ;provided the substratum 

. . "' . 

for the growth of Sphagnum moss. Mat peat showed greater 

accumulation time with the greater distance from the lake edge and with 
. ' . -

depth. Kratz and De Witt ( 1986) also reported similar results. In peatland 

the depth of the boundary between peat strata with the depth of original 

basin showed a feeble positive correlation with depth (0.193) and negative 

correlation (-0.178) with distance. The absence· of the relationship 

between the depth of the peat strata and the distance at the lake edge has 

been due to siitation. Around 33% of the bog area increased in the past 

four and half decades. The open water area was 7.4 ha in 1963 that 

decreased to 3.8 ha in· 1997, and peatland increased from 3.4 ha to 7 ha 

(Jain ~tal. 2000; see Chapter V). This indicated that the peat formation 

took place since long time back but its horizontal increment has· been a 

very· recent ·phenomenon. Radiocarbon dating showed that the samples 
( 

from the bog forest edge were older than the.samples near the lake edges.· 

Except at 30 m distance at 150 em depth it showed higher dates with 
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higher debris peat than, at 60 m and 90 m which was due to sliding down 

of peat slurry due to micro-relief topography and th~ trampling by t~e 

livestock. Peat stratigraphy was not encountered at 90 m distance resulting 

from soil erosion of the watershed and also paulidification that might have 

occurred. If the soil erosion and the livestock grazing continues in the

peatland, then with current rate of land-use cover· change may limit the 

longevity ofthe lake to 35 years more when most ofthe lake water may be 

horizontally covered by vegetation. 

The phanerophytes dominated the bog explaining the invasion by 

woody and arboreal species. The hemicryptophyte was much higher when 

compared with normal biological spectrum .. This could be due to the 

perennating buds being present under the peat soil surface and protecting 

them from browsing by grazing animals. The third higher ·group was 

. therophyte, which was due to relatively drier condition of the bog during 

winter and the stress by the livestock grazing that led to invasion by 

annual weeds. 

The successional patterri of the vegetation revealed that the moss 

and herbs 'dominated near the lake edge. Peat concentration was found 

higher at the lake edges due to dominance of Sphagnum spp. and other 

-~'--- bog flora. Woody arboreal species invaded the bog forest edge especially 

at the site where upland~· was dominated by forest (see Photoplate 5). It 

reduced the rate of evaporation showing higher water depth suggesting 
. ' 

arrested bog growth at the edges and the paulidification was not taking 

place. Site wise vegetation composition revealed that site III showed 
I 

highest diversity in terms of plant communities as this site was dominated 
) . 

by forests in the upland watershed. The terrestrial and arboreal shrub and 
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tree species were recorded higher mostly at this site and led to rapid( 

terrestrialization with low peat deposits. Site I and II which are the 

disturbed sites had the highest peat depth recorded which was mostly 

contributed by the dominance of Sphagnum and the herbs. The standing 

biomass 6f the herbaceous vegetation was also found higher at these sites .. 

The site IV had less peat deposits due to the presence of outlet although 

the density of the herbs and shrubs ·were _fairly good. 

The standing biomass contribut.ed by moss and herbs accounted to 

be slightly lower in range as than the range of 360 g/m2 to I ,945 g/m2 

reported tl·om Iowa Prairie glacial marshes (van der Valk and Davis 

1978). Acarus calamus grows well in the bog and contributed highest 
. ' 

standing biomass. Its basal area was recorded highest during spring and 

winter seasons stating that the photosynth~tes from herbage biomass gets 

translocated in the basal part after the maturity. The higher species· 

richness during rainy season was due to higher species nurriber and 

density of plants. 

The .seasopal vegetation analysis revealed the pressure of grazing in 

the peatland. The unpalatable species (Acarus calamus, Amaranthus sp., 

·~ Lycopodium sp, Anaphalis sp, Potentilla pedencularis) and less preferred 

species (Centella sp., Oenanthae thomsonii) increased during the spring 

season showing high pressure of grazing during these periods. The 

invasion by new species such as Gaultheria sp., Eupatorium sp. and 

Polygonum sp. were also ·recorded in the bog during the three years of 

study period. Some of the terrestrial plants such as Rhododendron· lindleyi 

and Sumbucus sp. were found growing in the b~g but not rec.orded in- the 

watershed forest. Hence their means of arrival in the lake area might be 
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thrqugh birds, grazmg animals, wind, or through 11\.mmn activities ( 

(religious offerings). 

The . organic soil of peat have many' characteristics which 

distinguish them from mineral soils such as low bulk density (Boelter 

1974), high water holding capacity (Thorpe 1968), and high organic 

matter content (Pollett 1972). Our results showed that peat contained hi'gh 

organic matter and had low bulk density. The nutrient content of the peat 
' 

is often an indicator (especially if the peat is drained) of its nutritive value 

for plant growth (Stanek 1975). Highly acidic peat show low contents of 

the total phosphorus and calcium (Richardson et al. 1978; Lucas and 

Davis 1961) and reported that highly acidic peat often contained as little 
. ' 

as 0.01% phosphorus. Our results showed similar trends, the peat was 

highly acidic containing very low phosphqrus and calcium. Peat acidity 

and organic matter decreased with depth and distance from the lake 

periphery towards the bog forest margin, and phosphorus and calcium 

increased along with pH near the bog forest edge. Peat deposition was 

retarded due to the accretion of sediments at this site from the disturbed 

watershed. The nutritive data· in terms of plant growth given in Table 6.7 

when coupled with Malmstrom.'s guidelines (1956) suggest that peatland 

is deficient in phosphorus .and calcium and nitrogen was found slightly 

higher. 

The geographic setting, watershed geology, climate and hydrologic 

processes had led to the formation of peatland in the Khecheopalri lake. 

The terrestrialization and plant succession have already been encountered 

in the bog with the invasion by woody arboreal species from the upland 

watershed. The area of the peat has b~en found more in the disturbed sites 
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compared to the undisturbed sites stating that disturbances has led to . 

·enhancement of peatland. Radiocarbon age of the peat revealed that the 

peat is increasing horizontally covering the open water surface and the 

peat slurry is getting deposited . at the lake bottom due to micro-relief 

topography thus threatening the lake longevity. The peatland formation in 

Kh~cheopalri lake is unique. Its role in filtering the sediments and 

nutrients from the watershed overland flow was interesting. Most of the 

sediment accretion was observed on the bog-forest edge • 
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Table 6.1 Physical characteristics ofKhecheopalri peatland 

Site Aspect Distance Depth Dominating species ( 
(m) (em) 

Water Peat 

I NW 2 3 175 Sphagnum spp., Brachiaria 
eruciformis , Arundo donax 

30 2 159 Sphagnum spp., Polygonum sp., 
Arundo donax, Polygonum sp. 

60 20 102 Acarus calamus, Juncus rejlexa, 
Oenanthe thomsonii, 

- ~ 
II sw 2 2 500 Sphagnum spp., Acarus sp. 

Brachiaria sp., Jimcus sp. 
30 4 385 Sphagnum spp., Eqisetum debele, 

Acarus slamus, Potentilla sp. 
60 12 320 Acarus calamus, Sphagnum spp., 

Potentilla sp., polygonum sp. 
90 132 170 · Cyperus rotundus, Magnolia sp., \ 

HenHphragma sp. 

III NW' 2 .4 153 Sphagnum spp., Saccharum sp., 
Juncus sp. 

30 8 146 Saccharum spp., Diplazium 
umbrosum, Sphagnum spp. 

60 10 110 Juncus sp., Equisetum sp., 
Oenanthe sp. Vaccinium spp., 

~ 90 53 60 Eupatorium sp., Symingtonia sp., 
Magnolia sp., Alnus sp. 

IV sw 2 2 207 Sphagnum spp., .Arundo dona~, 
Brachiaria sp., Fimbristylis sp. 

30 6 103 Sphagnum spp., Rhododendron 
lindleyi Berberis wallichiana, 

60 7 90 Rhododendron lindleyi, Cyperus 
rotundus, 1Anaphalis sp. 

Site I & IV do not have bog at 90 m distance 
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Table 6.2 Radiocarbon ages of Khecheopalri peatland. ( ' 

Lab No Dated Distance Sample Measured Calibrated age 
Material from lake depth 14C age range (B.P.) 

(m). (em) 

BS-1535 Peat 2 50 Modern· NA 

BS-1537 Peat 2 100 220±70 284 

BS-1528 Peat 30 50 1 Modern NA 

BS-1527 Peat 30 100 100±80 61-43 

BS-1507 Peat 30 150 2770±90 2950-2770 
~--~-. 

BS-1517 Peat 60 5.0 550±80 640-511 

BS-1538 Peat 60 100 760±70 725-655 

BS-1533 Peat 60 150 1410±70 1346-1278 

BS-1545 Peat 90 50 Modern NA 

BS-1503 Peat 90 80 2080±80 2140-1940 

' . BS-1508 Peat 90 .. 120 2970±100 3326-2959 

BS-1493 Lake Lake 700 37730±1300 NA 

sediments periphery 

BS-1419 Charcoal3 120 260±80 430-0 

BS-1540 Woodb 120 100 840±80 886-670 

a= old I,Jurnt tree; b = wood piece collected from peat depth: 
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Table 6.3 Vegetation analysis of Khecheopalri peatland 

Vcgctution types Sites ( 
I 

I II III IV 

Herbs 

Number of species 16 . 19 20 13 

Density (plants/m2
) 453 456 349 421 

Basal area ( cm2/m2
) 57 140 49 44 

Species richness 1.6· 1.9 2.1 1.3 

Species diversity 1.24 1.05 1.27 1.14 

Eveness index . 0.22 0.14 0.18 0.24 
-------- Dominance index 0.009 0.22 0.01 0.009 

Shrubs 

Number of species 8 9 9 8. 

Density (plants/ha) 3200 2944 4192 3872 

Basal area (m2/ha) 4.5 4.9 2.1 6.0 

Species richness 1.32 0.53 1.44 1.28 

Species diversity 2.02 0.198 2.03 1.88 

Eveness index · 0.94 0.37 0.85 0.82 

Dominance index 0.07 0.07. 0.06 0.06 

*Trees 

Number of species 5 3 8 3 

Density (trees/ha) 100 92 256 36 
~-

Basal area (m2/ha) 1.7 1.3 3.1 0.6 

Species richness 1.24 0.64 0.69 0.91 

Species diversity 1.51 1.07 1.61 1.06 

Eveness index 0.91 0.97 0.63 0.96 

Dominance index 0.2 0.21 0.13 0.67 
',, 

* Trees mostly occuring at the bog forest edge 
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·Table 6.4 Seasonal variation of frequency, density, basal area and lVI of the 

herbaceous vegetation of the Khecheopalri peatland. 

Species Frequel).cy Density Basal area lVI 
(%) (Plants/m2

) (cm2/m2
) 

Spring 

Sphagnum spp. 44 262.6 8.25 113.00 

Acarus calamus 28 12.60 9.90 48.20 

Oenanthe thomsonii 52 21.64 2.72 27.80 

Amaranthus sp. 60 27.48 0.86 23.80 

Brachiaria eruciformis 44 18.88 0.15 15.20 ----- Plantago erosa 28 1.80 0.90 10.10 

Cyperus rotundus 20 5.36 1.05 9.90 

Lycopodium cernum 24 2.40 0.31 7.06 

Anaphalis contorta 16 4.00 0.50 6.51 

Centella asiatica 16 7.00 0.06 5.58 

Other species 6.60 0.91 33.20 

Total species 370.36 25.6 300 

Rainy 

Sphagnum spp .. 96 445 13.98 139.00 

Brachiaria eru_ciformis 64 48)6 0.38 19.50 

Amaranthus sp. 56 23.68 0.74 15.30 

Plantago erosa 4 0.08 4.02 14.50 

Acarus calamus 28 2.40 1.88 11.20 

Fimbristylis sp. 40 12.00 0.85 11.20 

Heidychium ellipticum 28 2.00 1.57 10.10 

Commelina paludosa 44 11.08 0.30 9.76 
-, 

Oenanthe thomsonii 24 6.36 0.79 7'.54 

Potentilla pedunculc~ris 20 3.40 0.96 7.00 

Other species 31.28 3.49 54.70 

Total species 585.44 28.96 300 
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Wintc1· 

,\j J/ Ill,~ II II Ill :-l (l p. 72 :122.f,H 10.13 121.00 

Brachiaria eruciformis 84 61.88 0.49 30.20 

Acarus calamus 12 8.80 6;91 29.20 

Cyperus rotundus 36 12.04 2.36 17.50 

Oenanthe thomsonii 32 10.56: 1.32 12.70 

Fimbristylis sp. 40 8.56 0.56 10.90 

Vaccinium nummularia 32 3.48 ' 0.44 7.92 

Juncus rejlexa 40 2.64 0.09 7.85 

.Plantago erosa 12 0.80 1.50 7.73 
-~ 

Lycopodium cernuum 32 3.08 0.38 7.63 

Other .species 14.44 3.26 47.1 

. Total species 448.96 27.42 300 
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Table 6.5 Species indices of the herbacious vegetatio.n of the K~echeopalri 
:t·. 

peatland 

Parameters Spring Rainy Winter 

Number of species encountered 20 26 23 

Density (plants/m2
) 370 585 449 

Basal coverage (cm2/m2
) 25.6 28.9. 27.4 

Species richness (Margalefs index) 2.08 2.6i . 2.36 

Diversity index (Shannon's index) 1.21 1.09. 1.13 

Equitability index (Buzas and Gibson's index) o .. 17 0.11 0.13 

---.........._ Dominance index (Simpson's index) 0.51 0.59 0.54 

'i.. 
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Table 6.6 Herbacious biomass in the Khecheopalri peatland. 

Site Species Area Standing 
(ha) Biomass (Mg) 

I Brachiaria sp. 0.17 0.69 

Sphagnum sp. 0.5 2.67 

Acarus sp. 0.34 3.30 

Palyganum sp. 0,23 0.58 

Other species 0.19 . 0.72 

Total species 7.96 
_....____ 

II 0.22 0.89 Brachiaria sp. 

Sphagnum sp. 0.54 2.88 

Acarus sp. 1.0 9.60 

Palyganum sp. 0.2 0.50 

Other species 0.27 1.03 

Total species 14.9 

III Brachiaria sp. 0~12 0.49 

Sphagnum sp. 0.34 2.13 

. A t'OI'IIS ~'~P· 0.34 . ).26 

Palyganum sp. 

Other species 0.38 1.44 

Total species 7.32 

IV · Brachiaria sp. 0.41 1.66 
~. 

Sphagnum sp. · 0.45 2.40 

Acarus sp. 

Palyganum sp. 

Other species 0.2 0.76 

Total species 4.82 

Total bog 5.96 35.00 

Total area of the bog is 7.01 ha of which 1.05 (15%) not considered as it was 

dominated by shrubs and tree seedlings. Standing biomass of Brachiaria sp. 405 

g/m2
; Sphagnum spp. 533 g/m2

; Acarus sp. 960 g/m2
; Palyganum sp. 250 g/m2 

and Other species 380 g/m2
. 
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Table 6. 7 Exogenous deposition of organic debris from the drainage area of the 

lake watershed to the peatland. 

Site Land use/cover Area *Organic debris carried 
(ha) to bog through run-off 

(Mg/year) 

I Forest land 5 3.93 

Cardamom agroforestry 0.1 0;03 

Agricultural land 4 5.09 

Total 9.05 

~ 
11 Forest land 7.5 5.90 

Cardamom agroforestry 

Agricultural land 3 3.82 

Total 9.72 

111 Forest land 40 31.44 

Cardamom agroforestry 

Agricultural land 0.5 0.64 

Total 32.08 

IV Forest land 30 23.58 

Cardamom agroforestry 0.9 0.31 

Agricultural land 

Total 23.89 

-__ . .1----._ Total lake watershed 91 74.74 

*Calculation based on delivery ratio: cardamom agroforestry (30%); forests 
~ 

(60%) and agricultural land (80%) 
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Table 6.8 Nutrient concentration ofpeatland at two depths of four sites along the distance from lake periphery to forest edge. Values are 

means of 1997 and 1998 (n=6). 

Site Depth Distance (m) 

(em) 2 30 60 90 

pH TN TP Ca pH TN TP Ca pH TN TP Ca pH TN TP Ca 

I 0-50· 4.41 0.83 0.017 0.056 4.07 1.42 0.008 0.064 5.35 1.15 0.008 0.064 

50-100 4.79 0.87 0.019 0.072 4.51 1.50 0.046 0.077 5.13 1.26 0.070 0.081 

II 0-5.0 4.01 1.19 0.018 0.071 4.91 1.42 0.016 0.077 4.83 1.31 0.029 0.~076 4.96 L15 0.050 0.132 

50-100 4.28 0.95 0.019 0.073 5.11 1.37 0.028 0.078 5.29 0.91 ·0.047. 0.080 5.24 1.13 0.045 0.139 

.III 0-50 4.58 1.05· 0.013 0.062 4.56 1.21 0.017 0.081 5.79 0.85 0.026 0.081 5.42 1.17 0.071 0.152 

50-100. 4.71 0.87 0.023 0.065 4.96 0.82 ·0.036 0.086 5.71 1.11 0.043 .0.087 5.85 1.08 0.064 0.154 

IV 0-50 4.05 1.29 0.003 0.021 4.57 , 0.77 0.004 0.022 5.34 0.73 0.025 0.023 

50-100 4.45 0.89 0.005 0.022 4.79 0.65 0.005 0.025 5.62 . 0.68 0.025 0.024 

TN= tota~ nitrogen(%); TP =total phpsphorus-{%); and Ca =Calcium(%); dash~ no bog at this distance. 

ANOVA: pH- Site F3,96=19.28, P<O.OOI; Distance F2~96==14.34, P<O.OOI; Depth Ft,%==83.37, P<O.OOI; Year F 1,96==171.9, P<O.OOI; LSD 

(o.o5>==0.08. Total nitrogen- .Site F3,%==59.95, P<O.OOI; Distance F2,96==19.73, P<O.OOI; Depth F1,%==66.55, P<O.OOI; Year F 1,96==88.63, 

P<O.OOI;LSD(o.os)==0.04. Total phosphorus- Site not significant; Distance F2,%==11.72, P<O.OOI; Depth F 1,96=6.37, P<0.05; Year not 

significant; LSD(o.o5>=0.007. Calcium - Site F3,96=422, P<O.OOI;. Distance F2.%=88.49, P<O.OOI; Depth .F1,96==18.78, P<O.OOI; Year 

·F1,96=36.02, P<O.OOI;LSD(o.os)=0.003. Interactions were mostly significant in all the cases (ANOVA calculated upto 60 m distance) 
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Fig. ,.1 Diagramatic sketch ofpeatland formation and its vertical transection ofKhecheopalri lake showing profilatic 
pattern of sedimentation process, vegetation succession pattern and biotic interactions 
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CHAPTER VII 

7.1 Introduction 

India is endowed with a large number of fresh water lakes (4290 large 

lakes) that are in use for centuries by the mankind (Sugunan 1995;· · 

Suryanaryana 1996). Natural fresh water lakes are also prevalent up to 

5000 m elevation in the Himalaya that has cold arid climate in the west to 

humid in the east (Fernando ,1984; Gopal and Krishnamurthy 1993). 

Origin of such natural lakes are diverse that could be related to geological 

factors such as glaciation, land-mass movement, thrusts and wind actions:. 

· These natural lakes are located at various elevations in the entire length of 

the Himalaya from Kashmir in the west to Arunachal Prad~sh in the east. 

The lakes of the western and central Himalaya have been studied by 

various workers (Zutshi et al. 1972; Kau~ 1977; Sharma and Pant 1979; 

Zutshi et a/.1980; Purohit and Singh 1981; Kaul and Handoo 1987; Pant 

an4,Joshi 1987; Wanganeo and Wanganeo 1991; Khulbe 1993; Joshi and 

Sundriyal 1995) for their structure, limnology, history and functioning. 

However, the study on lakes in the eastern Himalaya have largely 

remained ignored and are not comparable to the central and western 

Himalayan lakes for many reasons most significantly because of 

contrasting environme·ntal set up and climate. 

Vnricties of cnvironnHmlul impnct cnn occur when the lund use is 

disturbed affecting the total volume and rate of stream flow, overland flow 

and nutrients outflow (Loshali 1989; Singh and Das i 995). It causes 

harmful impacts more on the standing body of water which is exceedingly 

complex physico-chemical-biological ehtity balanced by nature and ready 
128 



.~. 

to explode on slight interference. Vulnerabiiity to such a trauma is more 

for smaller water bodies (Welch 1952). The suspended microscopic plants 

and animal life of the lake are of prime importance in the study of lake 

ecosystem as they interact with each other and the physical environment 

and give a clue of eutrophication thus predicts the health of the lake (Ohle 

1956; Goldman 1968). 

The ecosystem approach of lake basin study has been lacking in the 

mountain regions and considered mostly the limnological aspect and the 

drainage part as different entities. Sedimentation and nutrient flow in 

relation to lake longevity has not been assessed yet in lakes of the Sikkim 

Himalaya. The present study. involves a nested watershed lake basin and 

details on hydrologic process and sediment concentration, seasonal 

nutrient dynamics of lake and bog, plankton composition and productivity 

of a closed basin. 

7.2 Materials and methods 

The present investigation was undertaken in Khecheopalri lake area 

which showed two distinct environments viz. the lake (3.8 ha) and the bog 

(7 ha). The hydro-ecological studies were carried out at six sites; four in 

the lake periphery as Site-I (South-East), Site-II (North-East), Site-III 

(North-West), Site-IV (South-West) and one each in the perennial inlet 

sources (North-West) and outlet (South-West). Site-I and Site-II were 

considered as the disturbed sites which received pressures of pilgrimage, 

tourism and iivestock grazing in the bog and watershed ____ ~rea that 

comprised mostly of agricultural lands and settlement. In contrary, Site-III 

and Site-IV were considered as relatively undisturbed sites which were not 
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accessible by tourists and pilgrims, and the watershed area is covered by 
. . 

dense forest (Fig. 7.1) Water samples were collected from all the six sites 

comprising four from the lake periphery and rest two from the inlet and 

the outlet sources for the detailed physicochemical analysis. Besides, the 

physico-chemical analysis of bog· water from Site I and Site III 

considering the bog disturbed (BD) and bog undisturbed (BUD), 

respectively was also performed (Fig. 7.1). 

·7.2.1 Precipitation, discharge and sedimentation 

Precipitation was measured by using rain-gauze for a period of two years 

· (1997-1998). The discharge was measured at the inlets and outlets with 

the help of wooden rectangular weirs installed at the site. The height of the 

water was measured daily twice a day and the values were pooled together 

on monthly basis. Discharge from the seasonal inlets were measured in the 

rainy season only. Sediment concentration was estimated by collecting 

water samples on monthly basis and filtering it with Whatman filters 

paper no 42. The filter paper vv'as air-dried and the sediment concentration 

was weighed in the electronic balance. 

Samples ~f inlets, outlets and the lake water were collected 

bimonthly for major chemical analysis and values were pool~d for three 

seasons. The samples were transported to the laboratory within 24 hours 

of collection. The temperature and transparency was measured in the noon 

time (12 to 1 p.m.) on each sampling day at all the sites ofthe lake. 

7.2.2 Physico-chemical analysis ofwater 

The water samples for chemical analysis were collected between 9 to 11 h 

in 1.5 litre polythene bottles at the depth of 5 to 10 em by hand and at the 
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surface on the bog. The pH values and conductivity ~ere determined in 

the non-filtered samples and remaining samples were filtered and stored in 
J 

the refrigerator for analyses within seven days. 

Temperature was measured with the help of a good quality mercury 

thermometer having the range up to 50 °C. The pH of water samples was 

measured using digital systronics pH meter. Conductivity was measured 

by the systronics conductivity meter and the values were computed in JlS. 

Transparency was measured by the Secchi disk of 20 em diameter, having 

alternate white and black bands and attached to a string .. 

Dissolved oxygen (DO) of water was estimated by the Azide 

modification method (Eaton et a!. 1995). The sample was fixed at the site 

with 2ml each of MnS04 and alkaline iodide azide solution in 300 ml 

BOD bottles and later the precipitate formed was dissolved with H2S04 in 

the laboratory and titrated against 0.025 N sodium thiosulphate solution 

using star~h as an indicator until the blue color disappeared. DO was 

calculated as 

DO (mg/1) = V x N x 8 x 1000 
ml6fsample 

where V = ml of sodium thiosulphate used 

N = normality of sodium thiosulphate 

, 8 =equivalent weight of the oxygen. 

Total alkalinity as CaC03 was estimated by titrating the sample with 0.1 N 

HCI using phenolphthalein and methyl orange as indicators. 

Total Alkalinity as CaC03 (mg/1) =X x N x 1000 x 50 
ml of sample 
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where X = ml of total HCl used for titration 

N = normality of HCl 

Total acidity as CaC03 was estimated by titrating the sample with 0.05N 

NaOH using methyl orange and phenolphthalein as indicators. 

Total Acidity as CaC03 (mg/1) = Y x N x IOoo· x 50 
ml of sample 

where Y = ml ofNaOH used for titration 

N =normality ofNaOH. 

Free carbon dioxide was determined by titrating the sample with NaOH 

using phenolphthalein as an indicator. 

C02 (mg/1) = V x. N x 1000 x 4 4 
ml of sample 

where V = ml ofNaOH solution used 

N = mormality ofNaOH solution 

Chloride was estimated by Argentometric method (Eaton et al. 1995) ·by 

titrating the samples with 0.014 N silver nitrate solution using potassium 

chromate as an indicator. 

Chloride (mg/1) = V x N x 1000 x 35.5 
ml of sample 

where V = ml of silver nitrate solution used 

N =Normality of silver nitrate solution. 

Total nitrogen was determined by Kjeldhal method (Cunniff,1995) by the 
- ..... , 

digestion of the sample with sulfuric acid and potassium sulfate which 

converts all the organic nitrogen and ammonia into ammonium sulfate. 

NaCI is added to prevent the partial reduction of nitrate to ammoma, 
132 



which converts N03 into NaOCI. The nitrogen in the form of ammonium 

sulfate can be determined by distillation and titrating it with HCl 

Kjeldahl N (mg/1) = (a-b) x 0.01 x 1000 x 14 x D 
ml of sample distilled 

where a = ml of HCl used with sample 

b = ml of HCl used with blank 

D = dilution factor (2.5) where the original 

sample has been made to 100 ml after digestion. 

Ammonium nitrogen was estimated by Kjeldhal method (Allen 1989) 

using magnesium oxide and titrated with M/140 HCl in the presence of 

boric acid indicator. 

Ammonium nitrogen (mg/1) =(a-b) x 100 
ml of sample 

where a= ml ofHCl used with sample 
\ 

b = ml ofHCl used with blank ' 

Phosphate phosphorus was estimated by stannous chloride method (Eaton 

et al. 1995) using molybdate reagent and stannous chloride and 

absorbance was read at 690 nm in spectrophotometer. 

Phosphate phosphorus (mg/1) = ug p X 1000 
ml of sample x 1 000 . 

Biological Oxygen Demand (BOD) was estimated by titration method 

(Eaton et al. 1995) measuring the differences of oxygen concentration by 

azide modification method between the initial sample and incubating the 

sample for 5 days at 20 °C in dark. 

1
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BOD (mg/1) = (Do-Ds) 

where D0= Initial dissolved oxygen in the sample 

D5 = Dissolved oxygen after 5 days of incubation 

7 .2.3 Plankton analysis 

Water samples of known volume were filtered through a silk net (50 ~ 

mesh) and preserved with Lugol's solution. The Plankton assessed using 

this method appeared low, therefore water samples were centrifuged at 

1500 rpm for 20 minutes and estimated the plankton. Calculation of 

plankton was based on concentration factor resulting from centrifugation 

of the samples (Trivedy and Goel 1986). Plankton counting was done in 

Sedgewick rafter counting cell having dimension of 50 mm long, 20 mm 

wide and 1 mm deep (Eaton et al. 1995). Plankton identification was made 

with the help of standard books (Edmondson 1962; Prescott 1978; Eaton 

et al. 1995). Members of the phytoplankton community either single 

celled (Ankitrodesmus sp. and Chiarella sp.) or colonial forms 
/ 

(Microcystis· sp. and Coelastrum sp.) or filamentous forms ( Oedogonium 

sp. and Spirogyra sp.) were counted as single units/individual. This census 

of the phytoplankton is described as 'density'. Per cent composition of 

plankton were calculated based on bio-volume. 

As the number of individuals do not give true picture of actual 

biomass, the number was multiplied by the average cell volume. The 

volume is calculated from the mean dimension of the cell assuming that · 

their form roug~ly corresponds to simple geometric solids.,, [Sphere: 

(4r3n)/J; Cone: (inh)/3); Cylirider: (r2nh)] .following Vollenweider 

(1969) and Sarkar and Jana (1985) to compute m l.lm
3
/ml. The cell 
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volume was converted to biomass (g/m3

) assummg that the specific 

gravity to be 1.0 (Willen 1959; Nauwerck 1963). Distribution pattern of 

different species was determined following Pandey et al. ( 1995). The 

maximum value of occmTence at the site was considered to be hundred per 

cent and species were divided into three classes i.e. 0-25 (species just 

present), 26-50 (species commonly present) and 51-100 (dominant 

species). 

Similarity index was calculated for plankton considering both sites 

and conditions in relation to its seasonal dynamics. It was calculated with 

the formula 2C/ A +B (Sorensen 1948), where A and B were number of 

species present in two different sites or conditions and C is the species 

common to both the sit~s or conditions. Species indices of plankton were 

calculated on seasonal basis at two sites and conditions using Margalef s 

(1957) for richness (d)=(S-1/ln(N); Pielou's (1966) for evenness 

( e )-'HilnS; Shannon ( 1948) for diversity (H)=-.'L pi ln a(pi) and Simpson

(1949) for dominance ( cd)= I(Pi)
2 

where, S= total number of species, 

N=total number of individuals of all the species, Pi= Proportion value of i 

species. Analysis of variance (ANOV A) was done for nutrients following 

Systat (1996). 

7 .2.4 Productivity of the Lake 

Gross primary productivity, respiration and net primary productivity was 

estimated by the light and dark bottle method. (Gaarder and Gran 1917). 

The water of the initial bottle was fixed with 2 ml each of MnS04 and 

alkaline iodide m.:ide solution in 300 ml BOD bottles and rest two bottles 

light and dark were filled with water and suspended them in same water 
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for two hours. Then the ·water of the light and dark bottles were fixed. The 

oxygen content of the water of the three bottles were measured. 

Gross primary productivity (02 mg/1/hr) = Dl-Dd 
h 

Respiration (02 mg/1/hr) = Di ~Dd 
h 

. Net primary productivity (02 mg/1/hr) = Dl-Di 
h 

where Di = Dissolved oxygen in initial bottle 

Dl =Dissolved oxygen in light bottle 

Dd =Dissolved oxygen in dark bottle 

h =Duration of exposure in hours. 

The values are then conve1ied in mgC/m
2
/day by multiplying with a factor 

0.375 and the daily sunshine values with 9 hours in spring and 7 hours in 

winter for gross primary productivity and 24 hours for respiration. 

The other biological component as fishes, aquatic birds and aquatic 

insects could not be studied in detail as the lake is considered sacred and 

local communities restricted the collection of living organisms from the 

lake. 

7.3 Results 

7.3.1 Hydrology 

The Ramam watershed with an area of 12 km
2 

is the catchment of 

"Rathong Chu" river whose water is drained by the Ramam Khola. The 

· area that drains into the lake is 91 ha whose 68 ha area drains through two 

perennial and five seasonal inlets, and remaining 23 ha drains through 
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overland flow directly into the lake (see Chapter V). There is one major 

· penmnial outlet through which the water movements out of the lake. 

Besides, the lake is.fed with subsurface flow, seepage from the watershed 
' . . 

and th~ direct precipitation over the lake and bog area, which could not be 

measured in the present study~ 

7.3.1.1 Precipitation, discharge and sedimentation 

· The total precipitation was recorded 3899 mm in 1997 and 3776 mm in 

1998 (Figs. 7.2 & 7.3). The highest rainfall recorded in the month of July 

was 1262 mm in 1997 and 1279 mm in the month of August in 1998. The 

highest· rainfall (around 85%) was recorded during the rainy season and 
. ' 

remaining 15o/o during winter and spring seasons . 

. The in~ow of water from all the seven points, which included 5 

seasonal and 2 perennial inlets was monitored for a two year period. The 

five-rainfed inlets showed water flow between May to November. The 

a~ual inflows of water recorded in the inlet sources were 1103 xl 061 and 

1174 x10
6
l_in 1997 and 1998, respectively (Figs. 7.2 & 7.3). The o~tlet 

discharge was recorded 4279 x1 0
6 

1 in 1997 and 4072 x1 06 1 in 1998. The 

highest outlet discharge was recorded in the month of August (2775 x1061 

in 1997 and 2795 xl-0
6
1 in 1998). The lowest disch?rge was recorded in 

·the month of March (7.36 x10
6
1 in 1997 and 7.S x106 1 in 1998). About 

74o/o- excess discharge was recorded at the outlet compared to inlet 

discharge. 

The sediment movement across the inlet and outlet sources also 

showed the seasonal pattern along with water flows and accounted to be 
-

highest (164 Mg in 1997 and 366 Mg in 1998) in the month .of August at 
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the inlet sources. At the outlet 252 Mg of sediment was recorded in 1997 
··-

and 330 Mg in 1998 (Figs. 7.2 & 7.3). Sediment concentration of 

discharge at the inlets an9 outlet was highest in the rainy season. It was 

much higher at the inlets compared to outlet, however outflow was far 

greater contributing to substantial sediment exit. The total annual- inflow 

of sediment was 346 Mg in 1997 and 599 Mg in 1998 from the inlet 

sources. The exit from outlet showed 316 Mg in 1997 and 3 80 Mg in 

1998. Around 29 Mg of silt deposition was recorded in 1997 and 219 Mg 

in 1998. High sediment in 1998 was caused as a result of landslide in one 

side of the lake. 

7.3.2 Nutrient dynamics 

7.3.2.1 Lake 

pH: It was observed that the water from all the sites was circum-neutral to 

alkaline. It was highest in the rainy season and lowest in winter season 

except at the outlet. The pH ranged from 6.7 to 7.8 in 1997 and 6.6 to 8.6 

in 1998 at various sites in the lake (Tables 7.1 & 7 .2). Mean pH ranged 

from 7.8 in winter to 8.2 in rainy seasons in the lake (Fig. 7.4). Analysis of 
I 

variance showed that the pH varied significantly between sites and 

seasons (Fig. 7.4) . 

. Temperature:_ The temperature varied between 8.7 octo 20.0 °C in 1997 

and 8.9 °C to 19.2 °C in 1998 during winter and rainy seasons, 

respectively (Tables 7.1 & 7.2). Mean value of 8.8 oc in winter and 19.6 

oc in rainy season was recorded. It was lower in the spring season at the 

inlet during both the years of the study. Variation in temperature was 

recorded significant between sites and seasons (Fig. 7.4 ). Since their 
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recorded significant between sites and seasons (Fig. 7.4). Since their 

interaction was also significant, LSD value difference between t~e means 

showed that site to site variation was not apparent except for the inlet 

water with other sites. 

Transparency: The transparency, in 1997 was recorded 75 em in the rainy 

season and 138 em in winter. In 1998 the values were recorded still lower 

with 65 em and 130 em in rainy season and winter, respectively (Tables 

7.1 & 7.2). Transparency was recorded lower at site I compared to the 

other sites. Average transparency for all the sites was 104 em. It varied 

significantly with sites and seasons, and their interaction was also found to 

be significant (Fig. 7.4). 

Acidity: Acidity ofthe lake varied between 3 to 15.8 mg/1 in 1997 and 5 to 

12.5 mg/1 in 1998 at various sites in the lake (Tables 7.1 & 7.2). It was 

recorded higher in t~e rainy season at the inlet compared to other sites 

during both the years of study. It showed significant variation between 

sites and seasons, and their interaction was also significant. LSD value 

difference showed that mostly the means varied significantly except 

between some sites (Fig. 7.4). 

Alkalinity: Alkalinity ranged from 13.3 to 36.6 mg/1 in 1997 and 16.7 to 

32.6 mg/1 in 1998 (Tables 7.1 & 7.2). It was recorded highest in the spring 

season followed by winter and least in the ramy season. The total 

alkalinity varied significantly between sites and seasons, and their 

interaction was significant (Fig. 7.4 ). 

Electrical conductivity: Conductivity values ranged from 13 to" 65 j..LS in 

1997 and 15 to 133 J.+S in 1998- at various sites of the lake during spring 

and rainy months, respectively (Tables 7.1 & 7.2). The highest electrical 
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showed higher conductivity during both the years in the spring season. It 

varied significantly between sites and seasons, and their interactions was 

significant (Fig. 7.4 ). 

Free carbon dioxide: Free carbon dioxide ranged from 4.1 mg/1 to 6.95 

mg/1 in 1997 and 4.46 mg/1 to 6.6 mg/1 in 1998 at various sites of the lake. 

It was recorded higher during the winter season. It varied significantly 

between sites and seasons, and their interactions was significant (Fig. 7.5). 

Dissolved oxygen: Dissolved oxygen ranged from 1.96 to 10.09 mg/1 in 

1997 and 0.98 to 9.76 mg/1 in 1998 at various sites (Tables 7.1 & 7.2). 

The highest values were recorded during the rainy season followed by 

spring and least during the winter season (Fig. 7 .5). It was higher in all the 

seasons at the inlet and varied significantly between sites and seasons 

(Fig. 7.5). 

Ammonium nitrogen: Ammonium nitrogen ranged from 0.5 mg/1 to 2.6 

mg/1 in 1997 and 1.14 mg/1 to 3.25 mg/1 in 1998 at various sites (Tables 

7.1 & 7.2). The N1L-N varied significantly between sites and seasons 

(Fig. 7.5). 

Total nitrogen: Total nitrogen of the lake, inlet and outlet waters varied 

significantly among sites and seasons. It ranged from 2.56 mg/1 to 6.9 

mg/1 in 1997 and 4.3 mg/1 to 10.6 mg/1 in 1998 (Tables 7.1 & 7.2). The 

mean total nitrogen of two years ranged from 3.7 to 9.7 mg/1 showing 

higher values at the outlet in all the seasons (Fig. 7.5). 

Chloride: Mean chloride concentration was highest in the winter season 

reducing in rainy and the lowest in spring. Chloride concentrati-on ranged 

from 2.65 to 9.47 mg/1 in 1997 and 4.79 to 10.49 mg/1 in 1998 at different 
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lake sites. It varied significantly between sites and seasons and their 

interaction was significant (Fig. 7 .5). 

Phosphate phosphorus: Phosphate phosphorus ranged from 0.1 mg/1 to 

0.16 mg/1 in 1997 to 0.05 mg/1 to 0.21 mg/1 in 1998 at various sites of the 

lake (Tables 7.1 & 7.2). It is recorded higher at all the sites during the 

rainy season (Fig. 7 .5). It varied significantly between sites and seasons, 

and their interaction was also significant (Fig. 7 .5). 

7.3.2.2 Bog 

The pH of the water ofthe bog was acidic with 3.8 to 4.4 at both the sites 

during the rainy season. It varied significantly with the sites but not with 

seasons. Alkalinity was recorded higher (26.66 mg/1) in the win;er season 

and lower in the rainy season ( 16.66 mg/1) at the disturbed site (Table 7.3 ). 

Conductivity was recorded higher in the rainy season and ranged from 26 

to 28 ~S at undisturbed and disturbed sites, respectively. Alkalinity and 

conductivity varied significantly with sites and seasons but their LSD 

difference between means do not show significant variation during the 

rainy season. Dissolved oxygen peaked in the rainy season with 4.11 mg/1 

and carbon dioxide in the winter season with 4.93 mg/1 (Table 7.3). The 

dissolved oxygen varied significantly only with the seasons, but the 

carbon dioxide showed significant variation between both the sites and 

seasons. Ammonium nitrogen ranged from 0.16 to 0.73 mg/1 during the 

winter and rainy seasons, respectively. Total nitrogen ranged from 4.2 to 
--~ 

7.6 mg/1 (Table 7.3). Ammonium nitrogen and total nitrogen did not show 

significant variation between sites, but varied significantly with seasons. 

The chloride concentration was higher in the winter season (9.45 mg/1) at 

the undisturbed site of the bog. The phosphate-phosphorus was recorded 
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higher during the rainy season (0.281 mg/1) and lower (0.24 mg/1) in the 

winter season. It did not show significant variation with sites, but was 

significant between seasons (Table 7.3). 

7.3.3 Plankton composition and seasonal dynamics 

7.3.3.1 Seasonal distribution and the similarity index of plankton 

The detailed systematic list of the species of phytoplankton and 

zooplankton identified in the Khecheopalri lake and bog are given in 

Appendix 3. A total of 48 species of phytoplantkon were collected and 

identified during the study period. Phytoplankton species composition 

belonging to different families showed chlorophyceae ( 18) to be the most 

· dominant group, followed by chrysophyceae ( 15), cyanophyceae (11 ), and 

one species each of charophyceae, euglenophyceae, dinophyceae and 

. cryptophyceae. These species were confined to water either in the lake or 

bog. Cyanophycean group was higher in the lake compared to the bog. 

Some ofthe_species such as Ankistrodesmus sp., Gloeocapsa sp., Lyngbya 

sp. and Microcystis sp. were found to be dominant in the lake water 

whereas they had mere presence in the bog. The most common species 

shared by both the lake and the bog water were Nitella sp., Mougeotia sp., 

Oedogonium sp., Bulbochaete sp., Euastrum sp. and Cosmarium sp. 

(Table 7.4 ). Species like Synendra· sp., Asteria nella sp., Terpsinoe sp., 

Cymbella sp., Characium sp., Penium sp., Aphanizomenon sp., 

Oscillatoria sp., Fragilaria sp., Anabaena sp., Spirulina sp., Lyngbya sp., 

Colacium sp. and Cryptomonas sp. were confined to the lake and~ absent in 

the bog (Table 7.4} 
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A total of 18 species of zooplankton from the lake and bog were 

recorded that comprised of 7 rotifers, 5 protozoans, 2 each of copepods 

and cladocerans, and 1 each of ostracods and isopods (Table 7.4). 

Asplanchna sp. and Notholoca sp. were absent in the· bog, whereas both 

the lake and bog shared the protozoans and other groups. Difflugia sp. was 

dominant in the lake water while it was just present in the bog (Table 7.4). 

The lake conditions (disturbed and undisturbed sites) showed more 

similarity in species composition than the bog during rainy season. 
\ 

Among the lake conditions the similarity index was highest· (0.59) with 

eighteen common species of phytoplankton. Cosmarium sp., Euastrum 

sp., Nostoc sp., and a few filamentous algae such as Oedogonium sp. and 

Phymatodocis sp. were dominant common species. Similarity decreased in 

winter (0.375) in the lake site conditions where only six· species were 

found common (Table 7.5). It was almost similar in the rainy and winter 

seasons in the bog when compared among disturbed and undisturbed 

conditions where ten species were found common during the rainy season. 
. . 

Mostly filamentous forms such as Spirogyra sp., Oedogonium sp., 

Mougeotia sp. and Uronema sp. with a few other forms such as Gleocapsa 

sp. and Nitella sp. were recorded in the bog. In the winter season only four 

species shared both the site conditions and they were Nitella sp., Cymbella 

sp., Mougeotia sp. and Peridinium sp. Comparatively, disturbed site 

conditions were found to have great'er similarity of species than the 

undisturbed site conditions in both the sites during rainy and winter 

seasons (Table 7 .5). Comparison of both the sites and conditions showed 

that the species were highly dissimilar (0.811) during rainy and no 
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similarity of species during winter indicating that most of the species were 

site specific. 

Zooplankton also showed the similarity to be higher in the lake site 

conditions during the rainy season (0.833) followed by spring (0.700) and 

least in winter (0.615). In the bog, higher similarity (0.526) was recorded 

among both the two conditions in the rainy season. Phytoplankton at the 

disturbed conditions of the lake and the bog were more similar than 

undisturbed conditions, whereas in the case of zoolpankton the disturbed 

condition had slightly less similarity (0.430) than the undisturbed 

condition (0.471) in the rainy season. The undisturbed sites were 

dominated by copepods and ostracods. In the winter season at the 

disturbed condition similar trend as that of phytoplankton showing more 

similarity of species with complete absence of copepods and ostracods 

was recorded (Table 7.5). Taking into consideration for all the sites and 

conditions, zooplankton showed slightly more dissimilarity in the winter 

(0.9) than in the rainy season (0.81 ). 

7.3.3.2 Plankton bio-volume 

Chlorophyceae was dominant group with respect to bio-volumes at all the 

seasons and site conditions. It's contribution ranged from 60 to 90% 

during spring season in the lake, which is mostly attributed to filamentous 

form such as Uronema, Spirogyra and Bulbochaete species (Fig. 7 .6). The 

other species group contributed 27% at the disturbed condition of the lake 

which was mainly influenced by Cryptomonas and Colacium species. 
---..... 

Rainy season showed well mix 6f all the groups, however the 

greater bio-volume was contributed by chlorophycean group with 67 to 

73% in the lake, and 95 to 96% in the bog. Cyanophycean algae 
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contributed 19% of the bio-volume at the lake disturbed condition 

dominated by Oscillatoria, Gleocapsa, Nos toe and Synechoccus. Other 

species group contributed only 0.2 to 3% and was mainly represented by 

Nitella, Colacium, Peridinium and Cryptomonas species at both the 

conditions ofthe lake, while by Nitella only in the bog (Fig. 7.6). 

Winter season was well represented by the dominance of 

chrysophycean group in number. However, its bio-volume contribution 

was only 22 to 29% in the lake, and 6 to 10% in the bog (Fig. 7.6). The 

chlorophycean group in terms of bio-volume contributed 66 to 94% at 

both the sites and conditions. 

The zooplankton number varied with seasons and their per cent 

contribution revealed that rotifers and protozoans were present throughout 

the year. During the spring season, zooplankton numbered around 22/ml 

being higher at the disturbed site of the lake. The rotifers were dominant 

during this period with 12 individuals mostly represented by Asplanchana 

and Notholoca species but contributing only 1% of bio-volume. In terms 

of bio-volume "other species group" contributed 77% at the disturbed site 

and 98% at the undisturbed site of the lake (Fig. 7.6). 

During the rainy season number of zooplankton varied between 7 to 

1 0/ml in the lake water and 11 to 14/ml in the bog with higher number at 

the disturbed condition in the lake and undisturbed condition in the bog. 

Protozoans and copepods were well represented groupiin both the sites. 

However the higher bio-volume\was contributed by the other species 

group which contributed around 97% and was mostly repr-esented by 

Cypriodopsis, Sida and Gammurus species (Fig. 7 .6). Copepods 
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contributed around 3% biomass being highest in disturbed condition with 

two species each of Cyclops and Mesocyclops. 

The number of zooplankton ranged from 11 to 16/ml in the bog 

during the rainy season. Protozoans peaked during this season followed by 

rotifers. Copepods and ostracods were absent from both the sites and site 

. conditions during the winter season. Cladoceran was dominated by 

Daphnia sp. that contributed 99% of bio-volume during the winter season 

(Fig. 7.6). Gammurus belonging to the "other species group" was found to 

be present only in the disturbed conditon of the bog. 

7.3.3.3 Seasonal population density and biomass 

The phytoplankton density was 0.75~1 04 
units/1 at the bog and 4.84x1 04 

units/1 in the lake, recorded during the winter season, and highest value of 

5.57x104 units/1 at the bog and 19.45x104 units/1 in the lake during the 

rainy season (Fig. 7. 7). In all the seasons, higher density values were 

recorded at the undisturbed condition of the lake, in contrary to the bog 

where highest values were in the disturbed condition (Fig. 7.7). 

Phytoplankton biomass ranged between 1.84 to 6.10 g/m3 in the lake and 

0.63 to 7.03 g/m3 in the bog (Fig. 7.8). The biomass was greatest in the 

rainy season at both the sites and conditions. The contributions of 

Spz"rogyra sp., Mougeotia sp., Oedogonium sp. and Uronema sp. were 

highest in the rainy season. In all the seasons, higher biomass was 

recorded at the undisturbed conditions in case of the lake whereas it was 

highest at the disturbed site condition in the bog (Fig. 7 .8). 

The zooplankton density ranged from 0.70x10
4 

units/1 m the 

undisturbed condition in the rainy season to 2.20x 10
4 

units/1 in the spring 

146 



season at the disturbed condition of the lake. The density was recorded 

highest (1.6 xl0
4 

units/1) in the bog during winter season (Fig. 7.7). In the 

bog, higher density was recorded at the undisturbed condition in rainy and 

disturbed condition in the winter season (Fig .. 7.7). Biomass in terms of 

fresh weight did not reveal any relationship with density. Zooplankton_ 

biomass was relatively low compared to phytoplankton biomass in all the 

seasons. A sudden increase in biomass during winter (4.54 g/m3 in the bog 

and 4.43 g/m
3 

in the lake) was recorded and was contributed mainly by 

protozoan. and cladoceran groups (Fig. 7.8). Rotifers, which were the 

largest contributor to total population during the spring and rainy seasons 

in terms of number, could not form a sizeable part as biomass resulting 
' 

from their small· size .. Disturbed condition of the bog showed higher 

biomass of zooplankton compared to undisturbed condition in both the 

rainy and winter seasons (Fig. 7.8). 

7.3.3.4 Diversity indices 

I 

Seasonal analysis of species richness, evenness, diversity and dominance 

at different site conditions in the lake and bog were made and presented in 

Table 7.6. The species richness of phytoplankton was recorded highest in 

the rainy season and lowest in the winter season with values higher in 

disturbed conditions of both the sites compared to undisturbed site 

conditions. The diversity index also followed the similar pattern being 

higher in disturbed site conditions than the undisturbed site conditions in 

the rainy season. Species like Anabaena sp., Lyngbya sp., Fragifaria sp., · 

Aphanizomenon ~p., Asterionella sp., Rhoicosphenia curvata, Hantzschia 

amphioxys and Melosira sp. were present at only certain time of the year. 
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The evenness was higher in spring (0.85) in undisturbed condition and 

rainy (0.88) in disturbed condition of t~e lake. The evenness was recorded 

highest in the spring season in the undisturbed site condition, reduced in 

rainy and again increased during the winter season. However in the case 

of disturbed condition, evenness was higher in the rainy season with 

gre.ater number of species with less dominant species than the undisturbed 

condition. Evenness was always recorded higher in the rainy season along 

with species diversity and the richness index resulting from higher number 

of species. The dominance index showed the inverse relation with 

diversity being higher in winter season at both the sites and conditions. 

The maximum species richness of zooplankton was recorded in the 

spring season (2.96) ofthe lake and rainy (3.79) of the bog. The richness 

of species in the spring season in both the site conditions of the lake was 

due to the presence of higher rotifer and protozoan groups. The diversity 

also showed the similar pattern but showed an inverse relationship with 

the dominance, which was least in the spring and rainy seasons in the lake 

and bog, respectively ... 

The dominance diversity curve has. been repeatedly used to interpret 

the community organism in terms of resource share and niche space. The 

phytoplankton . communities showed. contiguous and non-overlapping 

distribution pattern with intense interspecific competition (Figs. 7.9 a & 

b). The overall density was recorded greater in the lake with dominating 

species like Synedra sp., Chlorococcum sp., Ankistrodesmus Sp; and 

Navicula sp. In the bog, the dominating phytoplankton species was 

Cosmarium sp. represented as a typical chlorophyceaen member. 

Zooplankton showed intermediate sigmoid curve with partial rather than 
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direct competition (Figs. 7.9 c & d). The overall diversity was low 

resulting from dominance by Difflugia sp., Centroyxix sp. and Trichocerca 

sp. 

7.3.4 Plankton productivity and respiration 

Gross primary productivity values showed higher trend in rainy season 

followed by spring and least in winter as the phytoplanktonic growth. The 

gross primary productivity varied between. 16 to 250· mgC/m2/d in i997 

and 15.5 to 243 mgC/m2/d in 1998 (Table 7.7). The gross primary 

productivity showed highest value at site III during rainy season and 

lowest values in site I during winter season in both the years. Analysis of 

variance showed that the gross primary productivity significantly varied 

with sites and seasons (Fig. 7.10). The step-wise multiple regr'ession 

analysis showed that natural logarithm of gross primary productivity was 

significantly related to temperature, free C02 and total nitrogen [ln gross 

primary productivity= 1.588 + 0.213 T- 0.127 C02 + 0.041 TN; R 
2 

= 

0.956, F= 230, P<0.001]. 

Respiratory values of the lake water varied between 10.8 to 189 mg 

C/m
2
/d in 1997 and 12.6 .to 131.4 mgC/m

2
/d in 1998 (Table 7.7). 

Respiratory loss significantly varied between seasons and sites (Fig. 7.1 0). 

The step-wise multiple regression analysis depicted significant relation of 

respiratory loss with total nitrogen, pH, temperature and carbon-dioxide 

[lnRES = 2.376 + 0.297 TN - 0.188 pH - 0.131 T - 0.066 C02; R
2 

= 

0.475, P= 7.004, P<0.001]. ~ 

The net primary productivity showed negative values below zero 

during the winter seasons where as highest in rainy seasons. The net 
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primary productivity values ranged from -43 to 178 in 1997 and -55 to 

166 in 1998 (Table 7. 7). Comparison of gross primary productivity and 

respiratory loss indicated that there was ·gain in productivity in rainy and 

spring seasons with positive net primary productivity, and loss in winter 

season with negative primary productivity (Table 7.7). 

7.3.5 Faunal component 

A detailed systematic list of faunal composition is given in Appendix 3. 

7.3.5.1 Migratory birds 

The lake and its surroundings form a very important habitats for many 

birds. The Trans-Himalayan migratory birds visit the site during winter 

months (November to March) as the lake and bog vegetation (marsh) 

provides the site for resting (see Photoplate 6). The most common ones 

were Anas crecca, Mergus merganser orienta/is and Athya ferina. The 

number of migratory birds varied between 2-35, the highest species being 

observed during the months of December to February. A total of seven 

migratory bird have been identified during the study period (Table 7.8). 

7.3.5.2 Fishes 

A large number of fishes both indigenous and exotic were recorded in the 

lake. A total of seven species was identified. Cyprinus carpio was 

introduced by the State Forest ,Department during 1986 and seen to be 

dominating the lake. Some of these individuals decolourized to orange in 

recent years. Schistura multifaciatus, was recorded at the lake inlet of the 

lake and it is a new species report from the lacoustrine system of the 

Sikkim Himalaya. Acrossochelfus hexagonoiepsis is an esteemed game 

fish as well as fish food in Sikkim. A trout Schizothorax richardsonii is 
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the most dominant widely distributed species. It is an important game fish 

that has commercial value in the state. However, fishing is totally 

prohibited at the sacred Khecheopalri lake. 

7.3.5.3 Amphibians and insects 

Two species of amphibians were recorded. A ·large number of tadpoles 

were observed during the rainy season· and disappeared by end of rainy 

season. These amphibians die in the peatland as a result of acidic 

condition and contribute to nutrient enrichment in the bog. A few 

. invertebrates were also encountered from the lake and bog, among which 

Gerris gracillocornis a water strider was-very common. Various faunal 

components have their role to play in maintaining the ecological balance 
.., 

especially through actors in different trophic levels. A considerable detail 

work needed to understand the ecological balance which could not be 

taken up due to restrictions of animal collection and entry into the lake. 

The religious beliefs and sentiments of the local people were respected. 

7.4 DISCUSSION 

The Khecheopalri lake is "kettle hole" type with Sphagnum bog 

surrounding the open water surface. The broad-leaved forest surrounds the 

lake from all sides, hence it is protected from high wind action. The 

drainage of the lake is from the watershed through the perennial. inlets and 

. one major outlet. The water level in the lake decreased by 28 em in the 

winter and 34 em in spring compared to . the highest level in the rainy 

season with 74% of excess outflow compared to the inlet water. This is 

expected due to the subsurface flow, internal seepage, overland flow and 

direct precipitation in the lake. Aquifers are also expected to be opening at 
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the lake bottom. Hence the lake 1s considered polymictic type with 

continuous circulation. 

The lake is gradually silting due to the sediment inflow from the 

surrounding watershed. Sediment buildup in the lake was rapid in recent 

years. On an average around 29 Mg of silt was deposited in the lake and 

bog every year through inlet sources only. Impacts of livestock grazing, 

trampling, deforestation and agricultural practices in the watershed area 

contribute~ to higher sediment concentration in the inlet water. High 

sediment deposition in the rainy season turned the lake turbid. The 

tremendously higher value of sediment deposition was recorded in 1998 

with seven fold increase than that of 1997. It was due a landslide in 

August (3 0/8/1998) that resulted in the deposition of 32 em silt at the 

northern part of the bog area. This affected the transparency of the lake 

tremendously and also deposition of silt. 

It is a well-established fact that the metabolism of a lake depends on 

the continued inputs of nutrients. Nutrients entering the lake by the way of 

inlet streams or shallow seepage pass through the littoral zone. Acidity of 

the lake water was high with higher contents of free carbon dioxide. 

Hence, acidity of water was not controlled by free carbon dioxide rather it 

was due to the organic acids produced in the bog margins that percolated 

into the lake. Jewell and Brown (1929) showed that the acidity of certain 

northern Michigan bog lakes were not due to either the free carbon 

dioxide or the mineral acids but the organic acids present in the bog 

margins. Gessner (1929) and Waksman and Stevens (1929) postulated the 

origin of bog lake-water 'reaction depended on the che1nical composition 

of the vegetations and the bottom materials of the lake. Free carbon 
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dioxide showed positive correlation with temperature, acidity, dissolved 

oxygen and respiration. Water '.vas sightly acidic at the outlet attributable 

to the outflow of vegetation and waste material from the lake. The lake 

water pH was not lowered although surrounded by the rich Sphagnum bog 

having low pH. Sphagnum does not invade alkaline waters directly but can 

only follow upon prior acidific3.tion by the more alka-tolerant organisms 

(Chouard and Prat 1929; Welch 1952). Patzer (1934) a~so reported that 

Sphagnum does not acidify the water. The temperature is basically 

important for its effects in the biological reactions of the organism. 

Surface water temperature was always higher compared to the ambient air 

temperature when recorded simultaneously. Water temperature showed a 

significant positive cmTelation with gross pnmary productivity, 

respiration, acidity, pH, dissolved oxygen and conductivity (Table 7:9). 

Lake water was blackish in colour due to the addition of the eroded 

peat and the sediments from the surrounding bog. The marked seasonal 

variation of water transparency was controlled by the varying amounts of 

sediments, alga population, illumination and suspended organic matter. 

The significant difference in turbidity in two years was due to a landslide 
' 
that took place during the second year of the study. The lower value of 

transparency was recorded in rainy season at Site I which was due to 

human interference and growtll of a few hydrophytic plants. Negative 

correlation of transparency with gross primary productivity and respiration 

has seasonal effects rather thq.n functional relationship. Sediment 

cqncentration in the lake water was higher lowering the transp'arency in 

the rainy season, . while the ~oss primary productivity and respiration 

peaked in this season. Positive correlation of transparency with alkalinity 
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can be explained by the decrease in alkalinity due to the formation of 

soluble CaC03 that precipitates decreasing the transparency level. 

Acidity was mostly higher at the Site I resulting frorri the various 

offerings made there. People bum the leaves of Cryptomeria japonica, 

Juniperus rec71rva and Juniperus indica as incense and the remains are' 

acidic which find their way to the lake. Offerings like flowers, leaves and 

fruits in the water on decomposition also lead to increased acidity. 

Alkalinity refers to the amount of carbonates, bicarbonates and hydroxide

ions and are commonly found in the form of carbonates of sodium, 

calcium and magnesium (Zajic 1971 ). Alkalinity is the combined effect of 

the several substances and conditions generally associated with hardness 

and excessive dissolved solids. Conductivity of the water depends on the 

amount of solids present (A.P.H.A 1976). Generally the bog lakes have 

low conductivity (Welch 1952). The values recorded are higher in 1998 as 

compared with 1997, which may be due to the inflow of silt. The highest 

electrical conductivity was recorded at Site II in 1998 attributed to greater 

ionic concentration arising from the inlet flow as well as due to the land 

slide that occurred during rainy season. Our results confirm to the report 

that lake receiving direct runoff from inlets contained noticeable amounts 

of mineral precipitates _that increased conductivity (Plass 1975). It showed 

positive correlation with temperature and respiration, and negative 

correlation with alkalinity (Table 7 .9). 

Dissolved oxygen . plays an important role m the physical and 
-, 

biological processes of the aquatic system. The highest value in the spring 

season resulted from increased aquatic photosynthesis. It was low in 

winter due to less photosynthetic activity and presence of higher 
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· zooplanktons. Our results are consistent with the report on a central 

Himalayan lake (Khulbe 1992). 

The higher mean values of ammonium nitrogen in spring season 

was due to the 'ammonification of organic matter~ and also indicative by 

the growth of Ceratophyllum sp. that is known to require high inorganic 

nitrogen levels in. the growing season. Moreover, increase in ammonium 

nitrogen level during the winter and spring seasons was due to the 

agriculture runoff and the leaching of nutrients from the dead plants. The 

pressure of zooplankton during spring season also influenced the nutrient 

enrichment in the water column. It is increasingly clear that the food web 

structure and particularly density of annual species have substantial effect 

on the dynamics of nutrients in lakes (Sterner 1995; Carpenter et al. 

1992). The inlet source in winter showed high ammonium resulting from 
' 

ammonification of organic matter from the bog and the agricultural runoff. 

Ammonium nitrogen in disturbed condition and total nitrogen in l;:>oth ·-
disturbed and undisturbed conditions peaked during spring sea_s-qn du~ to . 

- ··-- .. ,_ . .. . 

ammonification of organic matter and leaching of nutri~nts to the· hike 

where as higher values during the rai.ny season at disturbed condition of 

the bog was expected due to agriculture runoff. Ammonium nitrogen was 

recorded lower in the bog surface water compared to the lake water 

because of decomposition of organic nitrogen and nitrification of the 

products processed rapidly in this relatively aerated zone and accumulated 

in the anaerobic condition (Tunseen and Patrick 1972). 

Nitrogen is the central element in the entire ecosystem -because of 

its role in the production of amino acids, which are building bloc~s of 

proteins. Comparison between seasons showed that it was lower in the 
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rainy season attributable to dilution effect and due to the phytoplankton· 

blooms. The increasing trend of nitrogen in the wi?ter season was 

attributed by the decomposition of certain cyanophycean algae such as 

Nostoc sp. thereby increasing the nitrogen level in the water. 
l 

High chloride values from the inlet sources in the present study 

during rainy season was related with animal wastes from cattle grazing in 

the bog and watershed and the sewage disposed off by the household 

residing in the watershed. High chloride values during the winter months 

in the lake and bog were attributed with animal waste from cattle grazing. 

Excess of chloride over 5.5 mg/1 in water was. associated with 

contamination from animal organic matter (Soltero 1969; Knee Wood 

1970; Khulbe 1992, 1993; Jain et al. 1999). The phosphate phosphorus 

content was effected by many factors such as agricultural runoff and 

sediment inflow. Main source of phosphorous in the lake was runoff from 

the disturbed land use of the watershed. 

Plankton is the indicator of the trophic status of water bodies. 

The planktonic production depends on various biotic and abiotic factors 

(Welch 1952; Hutchinson 1967; Wetzel 1975). However, generalization of 

the community structure of plankton from the different lakes of the same 

as well as those of the different geographical areas is difficult (Pant et al. 

1985). · Further, a comparison between the species composition of the 

different lakes may not yield the correct information due to the differences 

in the methodology, number of samples and morphological features of 

the lake. However, species spectrum, richness, dom.inance, diversity and 

evenness of species give good information of the dynamic balance 

of a community (Pant et al. 1985). The Khecheopalri lake is 
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dominated by chlorophycean group, followed by chrys~phycean and least 

by cyanophyceaen group and has been found very much common in bog 

lakes as reported by Prescott (1951) and Welch (1952). The lake 

watershed experienced most niinfall (85%) during rainy season and the 

runoff from the surrounding watershed containing silt and other 

allochthonous material (including nutrients and other dissolved materials) 

were deposited into the lab~ (Jain et al. 2000) which is evident from the 

higher values of conductivity during rainy seasons. Fish population also 

play an important role in nutrient cycling (Vanni and Findlay 1990). 

· Higher nutrients eventually triggered the growth of algae that peaked in 

the rainy season. The higher plankton in spring could be attributed partly 

to increasing temperature and light after winter, and also partly due to rich 

nutrient availability. The seasonal phytoplankton biomass fluctuation for 

the entire lake and bog indicates that high biomass was observed during 

the rainy season contributed mostly by the filamentous forms. During the 

rainy season the diversity increased and evenness decreased in the 

-undisturbed condition of the lake due to blooms of certain dominant 
) 

species, whereas it again increased in the winter season showing the 

resilience capacity. However, this trend was not apparent in the disturbed 

condition due to higher species number and presence of many short lived 

seasonal species. The high diversity in case of rainy season was attributed 

to the inflow of nutrients since most of the nutrients such as ammonium 

nitrogen, total nitrogen, phosphate phosphorus along with the dissolved 

oxygen and carbon dioxide did not show difference ·between site 

conditions. The heavy in±1ux of nutrients during rainy season also lead to 

suppression of certain species and dominance by a few species~ thus 
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bringing competitive exclusion principle. The high saturation values of 

dissolved oxygen during spring and rainy seasons coincided well with the 

peak in abundance of plankton during the respective periods. The 

phytoplankton density was however lower than the reports from the 

central Himalayan lakes (Pant and Joshi 1987; Khulbe 1992) which depict 

that the lake is still in oligo-meso trophic condition. Total nitrogen and pH 

being high may be playing a significant role in the growth of 

chlorophycean algae si~ce its contribution was higher in spring m 

undisturbed condition in the lake and winter in disturbed condition of the 

bog. Chlorophycean algae was dominant in spring season with 

Chl~steridium, Chiarella, Ankistrodesmus, Characium and rainy season 

with all filament.ous forms such as Mougeotia, Uronema, Spirogyra and 

others like Cosmariun1, Chlamydomonas, Eustraum and Cylindrocystis. 

This was due to continuous addition of nutrients from the surroundings. 

Pandey (1980), Blum (1960) and Khulbe (1993) supported the blooming 

of chlorophyceae algae during the spring and rainy seasons, and indicated 

initiation of eutrophicatidri. Phillipose (1 ~67) reported t.~§lt the low acidity 

with pH range of 7:7 to 8.5. and bright sunshine were responsible for the 

development of chlorococcales. The blue-greens were low in proportion 

and peaked in the rainy season at the disturbed site of the lake which was 

due to the inflow of nutrients and decomposed peat along with the 

overland flow to the lake. Rao (1955) observed higher concentration of 

oxidizable organic matter and longer period of sunshine appeared to be 

responsible for the growth of blue green algae. Microsystis, Nostoc and 

Lyngbya are the dominant ones among the cyanophycean group. The 

death and decay of blue greens (Nostoc sp.) at the disturbed condition of . . 
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the lake may be enriching the site with nitrogen during winter seasons that 

may have favoured the growth of diatoms during this season. Nitrogen as 

N03-N is mostly utilized by diatoms (Patrick 1948; Rao 1955). Species 

such as Navicula, Synedra, Tetracyclus and Gomphonema were 

commonly present at both the sites and conditions. Presence of these 

species may be due to fecal pollution of animal origin from the 

surroundings as evidenced from the high values of chloride and the sliding 

down of eroded peat. The sewage from the human settlements, trampling 

and nutrient enrichment by the grazing animals and the tourist are the 

contributors of fecal pollution. in the bog and watershed forest. Palmar 

(1969) and Rai and Kumar (1977) also supported this view. The presence 

of Oscillatoria species is a reliable indicator of eutrophication (Hynes 

1971), and confirmed that side. ofthe lake receiving sewage and polluted 

waters from its surroundings adds eutrophication. The presence of a single 

species Colacium of euglinoides in the disturbed site of the lake depicts 

the hypertrophic condition distinguished by high loading of phosphate 

phosphorus, chloride, and organic matter. Singh (1959) and Pavoni"(1963) 

also supported the views that euglinoides grow in nutrient rich 

environment. .Nitella sp. was found dominant in the bog. This species is 

reported to be confined to soft water with humic acid (Edmondson 1962). 

Rotifers and copepods were the most important component of the 

zooplankton community. Gop hen ( 1973) reported that these two 

communities were of common occurrence in South-East Asian lakes. 

Copepods were represented mostly during warmer months in-the spring 

and rainy seasons. Gophen (1973) and Pant et al. (1985) also reported 

these species during warmer months. The peak abundance of rotifers 

159 



during warm season can be attributed to low population of diatoms in this 

period. Cladocerans were consistently low Jin abundance for most ofthe 

year except winter, season. Seasonal variation in zooplankton abundance 

both in terms of number and biomass indicates a greater abundance of 

protozoan~ and rotifers. Zooplankton, although showed higher density in 
' 

spring season, their biomass showed inverse relatiopship being higher in 

the winter season. This was mainly attributable to small sized rotifers. The 

abundance of protozoans ·and cladocerans were observed higher during 

winter season that contributed to greater biomass in both the site 
'-' 

conditions. l)aphnia sp. among the cladocerans was found to be more 

abundant during winter season since high temperature adversely affected 

· its presence (Pant et al. 1985). Bell and Ward ( 1970) found that Daphnia 

sp. moved to,cooler region of the lake when the temperature rose above 20 

oc. 

The ratio of the phytoplankton to zooplankton (PIZ, ratio) was 1.46, 

which was :within the range given by Ruttner ( 193 7). Our results are 

similar to that of the lake Lanao (1.4) studied by Lewis (1979). Temporal 

abundance patterns in terms of density and biomass of three major trophic 

levels of plankton is shown in Fig. 7 .11. Community structure and the 

predator-prey relationships was studied in order to know the trophic status 

of the lake. The successional variation of the major trophic levels of the 

_lake showed. relationship between density and biomass except during the 

winter season when the herbivore biomass exceeded the total 

phytoplankton biomass (Fig. 7.11 ). The increase of biomass of herbivores 

in the winter season was due to the presence of Daphnid sp. that attained 

higher biomass by grazing on producers (Romanovsky and Fenio\-a 1985). 
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Productivity of plankton studied in the same lake revealed that energy 

stored during spring and rainy seasons . were utilized in winter months 

(Jain et al. 1999). 

The herbivores comprised of all the zooplanktonic groups except 

Asplanchana sp. of rotifers group, and Cyclops and . Mesocyclops of 

copepods were the primary carnivores. The dominance of Keratella sp. of 

rotifers and Daphnia sp. among cladocerans in particular showed 
I 

dominance during winter season where Keratella sp. showed affinity for 

filamentous or elongated cells. It appears quite possible that producers 

being fed upon by Keratella and Daphnia species which in tum fed upon 

by Asplanchana species. Fig. 7.11 showed that there is a large gap in 

biomass between herbivores and primary carnivore lev'els as compared to 

phytoplankton and herbivores. In general, first and second trophic levels 

have a direct relationship whereas second and third trophic levels indicate 

inverse relationships. This indicates that energy transfer between the first 

and second trophic levels is relatively more efficient than between second 

and third trophic levels. Perhaps fishes in the lake are playing a major role 

in controlling the population of the primary carnivore. Besides, the density 

of the herbivores was found slightly low during rainy season because of 

grazing by omnivorous fishes that breed during the rainy season stressing 

the herbivores. Schiziothorax species have more affinity towards the 

zooplankton during their fingerling stage causing reduction in less 

herbivore number. 

It is apparent that the Khecheopalri lake supports luxuri-ant growth 
i 

of both phytoplankton and zodplankton depicting its high aquatic 

biodiversity. The lake is presently dominated by chlorophyceae and 
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chrysophyceae groups, however the eutrophic indicator species such as 

Cryptomonas sp., Spirogyra sp., Anabaena sp., Oscillatoria sp. and 

Nostoc sp. have invaded. This shows that the lake has been adversely 

affected by the inflow of silt and nutrients from the grazing livestock and 

the visitors that has initiated the eutrophication process in the lake. The 

interactiqn of algae, herbivores and the predators with favored Climatic 

conditions has kept the lake within the resilience capacity however its 

longevity depends solely on the management of the surrounding 

watershed • 
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--- Table 7.1 Physico-chemical parameters of lake water of Khecheopalri lake for the 

year 1997 

Parameters 

pH 

Site I 

w 6.89± 0.005 

s 7.01± 0.004 

R 7.8±0.002 

Temperature W 8.7 ± 0.002 

( 
0C) S \3.6 ± 0.07 

R 19.4 ± 0.05 

Transparency W 138±0.13 

(em) s' 112±0.13 

Acidity 

(mg/ml) 

Alkalinity 

(mg/ml) 

R 75 ± 0.04 

w 6.7 ±0.86' 

s 14.2± 0.68 

. R 11.6 ± 0.68 

w 28.2 ± 0.27 

s 36.6 ± 1.36 

R 17.8 ±0.47 

Conductivity W 28 ± 0.94 

( 11S) S 14.5 ± 0.95 

C02 

mg/ml) 

DO 

(mg/1) 

Total 
nitrogen 

(mg/1) 

Chloride 

'(mg/1) 

R 60 ± 0.27 

w 6.4 ± 0.12 

s 4.22 ±0.12 

R 4.4 ± 0.09 

w 2.36±0.09 

s 6.99 ± 0.26 

R 7.9±0.1 I 

w 1.1 ± 0.12 

s 0.61 ± 0.05 

R 1.37±0.16 

w 5.95 ± 0.47 

s 4.82 ± 0.2.8 

R 4.18 ± 0.09 

w 8.9 ±0.02 

s 3.15±0.14 

R 5.72 ±0.36 

w 0.13±0.002 

s 0.12±0.01 

R 0.15± 0.002 

W=winter, S=spring, R=rainy 

Site II Site III 

6.89 ± 0.004. 6.88 ± 0.02 

7.12±0.01 

6.66±0.002 

8.7 ± 0.002 

13.5 ± 0.05 

20 ± 0.07 

128 ± 0.23 

110± 0.13 

80 ± 0.36 

3.0±0.81 

9.2± 0.68 

8.3 ± 0.68 

20 ± 0.24 

35 ± 2.35 

18.3 ± 1.36 

18 ± 0.94 

13 ± 0.25 

55± 2.35 

6.4 ± 0.08 

4.1 ±O.D7 

5.1 ±0.04 

2.56 ± 0.09 

7.0 ± O.Q3 

6.24 ± 0.04 

0.8 ± 01 

2.6 ± 0.05 

0.58 ±0.Q2 

4.9 ± 0.32 

6.1 ± 0.05 

3.55 ± 0.33 

7.99 ± 0.002 

2.65 ± 0.136 

6.59 ± 1.006 

0.13 ± 0.002 

0.11 ± 0.002 

7.12 ± 0.01 

6.98±0.075 

9.2 ± 0.047 

13.4 ± 0.07 

20 ± 0.02 

133 ± 0.4 

112±0.00 

95 ± 0.27 

5.8 ± 0.68 

11.6 ± 0.68 

11.7 ± 0.68 

20 ± 0.2.35 

31.6 ± 2.72 

16.7± 1.36 

19 ± 0.42 

13±0.47 

65 ± 0.87 

6.95 ± 0.05 

5.1 ± 0.07 

4.34 ± 0.05 

2.07 ± 0.05 

6.7 ± 0.06 

6.55 ± 0.04 

1.0 ± 0.05 

0.8·7 ± 0.09 

0.66 ±0.13 

4.9 ± 0.33 

6.9 ± 0.02 

2.56 ± 0.1.5 

5.99 ± 0.49 

3.24 ± 0.25 

7.67±0.13 

0.12 ±0.005 

0.1 ± 0.001 

Site IV 

6.75 ± 0.06 

7.12±0.03 

6.89±0.002 

9.2 ± 0.02 

13.4 ± 0.05 

19.8 ± 0.19 

129±0.13 

104 ± 0.13 

75 ± 0.36 

3.3 ± 0.72 

15.8 ± 0.68 

5.0 ± 0~68 

23.3 ± 0.28 

26 ±2.72 

13.3±1.4 

35 ± 1.86 

16±0.12 

28 ±0.94 

6.2 ± 0.07 

4.67 ± 0.03 

5.0 ± 0.05 

1.96 ± 0.8 

7.0 ± 0.005 

6.02 ± 0.02 

1.1±0.12 

0.62 ± 0.04 

1.12 ±0 .04 

4.86 ± 0.1 

4.68 ± 0.21 

3.49 ± 0.33 

7.1 ± 0.047 

2.82 ± 0.14 

9.47±0.13 

Inlet 

6.64 ± 0.03 

6.70± 0.04 

8.5±0.12 

Outlet 

6.83 ± 0.09 

7.00 ± 0.09 

6.58±0.1 

12.1±0.02 9.19±0.002 

12.5±0.05 13.9±0.15 

17.8 ± 0.47 18.3 ± 0.05. 

3 ± 0.81 5.8 ± 0.68 

19.2 ± 0.68 14.2 ± 0.68 

13.4 ± 0.68 14.2 ± 0.68 

20 ± 2.35 23.3 ± 0.1.2 

26 ± 2.72 33.3 ± 1.36 

14.4±0.16 

18 ± 0.38 

18.5±0.17 

37±0.14 

4.0 ± 0.06 

5 ± 0.003 

5.4 ± 0.09 

4.1 ± 0.02 

8.5 ± 0.02 

10.09 ± 0.18 

2.1 ± 0.02 

0.62 ± 0.02 

0.70±0.007 

4.99 ± 0.05 

4.1 ± 0.09 

2.56 ± 0.21 

7.01 ± 0.01 

2.65 ±0.14 

16.7 ± 1.36 

18±0.47 

19±0.17 

70 ±2.3 

6.99 ± 0.05 

4.3 ± 0.16 

4.1 ± 0.09 

2.5 ± 0.02 

6.9 ± 0.03 

6.17±0.01 

1.2 ± 0.05 

0.50 ± 0.05 

0.79±0.01 

8. ± 0.05 

6.9 ± 0.09 

4.9 ± 0.33 

5.1 ± 0.05 

2.65 ± 0.27 

10.03"±0.19 8.98 ± 1.96 

0.12±0.01 0.12±0.005 0.13 ± 0.01 

0.13 ± 0.02 0.1 ± 0.005 0.18 ± 0.18 

0.16± 0.09 0.14±0.002 0.15±0.001 0.14±0.002 0.12 ± 0.01 
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Table 7.2 Physico-chemical parameters of lake water of Khecheopalri lake for the year 1998 

Parameters Site I 

pH w 6.99 ± 0.04 

s 7.75±0.11 

R 8.5 ± 0.04 

Temperature W 8.9 ± 0.002 

( 
0C) S _ 14.4 ± 0.04 

R 19.2 ± 0.04 

Transparency W 130 ± 0.23 

(em) S 114±0.40 

Acidity 

(mg/ml) 

Alkalinity 

(mg/ml) 

R 65 ± 0.36 

w 5.83 ± 0.68 

s 12.5 ± 0.12 

R 9.16 ± 0.68 

w 32.6 ± 1.73 

s 25 ± 2.35 

R 16.7 ± 1.4 

Conductivity W 32 ± 0.94 

( ~S) S 15.5 ± 0.59 

C02 

mg/ml) 

DO 

(mg/1) 

Total 
nitrogen 

(mg/1) 

Chloride 

(mg/1) 

PO~-P 

(mg/ml) 

R 88 ± 0.94 

w 6.56±0.06 

s 4.58 ± 0.17 

R 4.46 ± 0.09 

w 0.98 ± 0.50 

·s 7.94±o,1o 

R 4.83 ± 0.32 

w 1.48 ± 0.02 

s 3.25 ± 0.22 

R 2.16±0.11 

w 6.15 ± 0.35 

s - 4.93 ± 0.009 

R · 4.9 ± 0.22 

W I 0.94 ± 0.04 

s 7.19±0.31 

R 5.62 ± 0.35 

w 0.14 ± 0.005 

s 0.05 ± 0.03 

R 0.14±0.14 

W=winter, S=spring, R=rainy 

Site II 

6.81 ±0.007 

7.62 ± 0.007 

8.55 = 0.04 

8.9 ± 0.002 

14.5 = 0.03 

19.2 = 0.02 

112:::0.13 

108 =0.4 

67 ± 0.27 

5 ± 1).00 

10 ± 0.00 

11.7 = 0.68 

20.2 =2.35 

25 ± 2.35 

20.2 = 0.4 

22 ± 0.94 

15±0.47 

133:::0.47 

6.6 ± 0.07 

4.5 ± 0.02 

5.18=0.07 

1.27 = 0.22 

7.34 = 0.05 

4.93 = 0.13 

Ll4:::0.12 

2.75 = 0.03 

2.08 =0.44 

5.6 = 0.07 

6.5 ± 0.05 

6.3 ± 0.33 

9.18 = 0.11 

7.19 =0.31 

5.45:::0.40 

0.14 ± 0.005 

0.05 = 0.28 

0.16:::1).007 

6.89 ± 0.004 

7.80 ± 0.25 

7.35 ± 0.07 

9.1 ± 0.02 

14.-i ± 0.05 

19.1 ± 0.07 

1::9 ± 0.14 

108 ± 0.13 

89 ± 0.13 

5.82 ± 0.68 

12.5 ± 0.17 

9.2 ± 0.68 

22.-1- ± 0.28 

2•) ± 0.00 

20.2 ± 2.4 

21 ± 0.54 

17±0.43 

81 ± 0.70 

6.-1- ± 0.05 

5.3 ± 0.05 

4.:8 ± 0.12 

l.S.6 ± 0.27 

6.87 ± 0.42 

4.83 ± 0.32 

1.::4 ± 0.04 

1.5±0.09' 

2.(.8 ± 0.44 

5.:36 ± 0.12 

7.1 ± 0.22 

4.9 ± 0.32 

7.18±0.05 

7.19±0.31 

4.79 ± 0.13 

0.13 ± 0.003 

0.16 ± 0.03 

0.13±0.00 
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Site IV 

6.61 ± O.G35 

8.16 ± 0.01 

7.10 ± 0.06 

9.1 ± 0.02 

14.4 ± 0.00 

19 ± 0.07 

123 ± 0.13 

102 ± 0.27 

69 ± 0.13 

5.83 ± 0.68 

10 ± 0.00 

11 ± 0.68 

23.3 ± 0.28 

30 ± 0.00 

21.66±1.4 

45 ± 0.94 

16 ± 0.47 

32 ± 0.94 

6.44 ± 0.11 

5.13 ± 0.007 

5.26 ± 0.07 

2.15 ± 0.2 

7.54 ± 0.11 

3.45 ±0.13 

1.46 ± 0.05 

1.75 ± 0.16 

2.08 ± 0.06 

5.16 ± 0.02 

5.12 ± 0.02 

4.9 ± 0.32 

7.38 ± 0.04 

7.44 ± 0.54 

4.79 ± 0.26 

Inlet 

6.55 ± 0.03 

6.83 ± 0.04 

8.62 ± 0.05 

11.9 ± 0.03 

13.2 ± 0.02 

19.2 ± 0.05 

5.8 ± 0.68 

5 ± 0.00 

13.3 ± 0.68 

22.3± 0.28 

31.6 ± 2.72 

23.33 ± 1.4 

22 ± 0.94 

19.5 ± 0.59 

59± 0.19 

4.2 ± 0.07 

5.4 ± 0.1 

6.32 ± 0.14 

3.5 ± 0.26 

9.76 ± 0.05 

4.23 ± 0.17 

2.04 ± 0.02 

1.37 ± 0.12 

2.25 ± 0.00 

5.51 ± 0.02 

4.3 ± 0.14 

4.9 ± 0.32 

8.19 ± 0.03 

6.69 ± 0.053 

4.79 ± 0.26 

Outlet 

6.7±0.01 

6.89 ± 0.02 

6.67 ± 0.01 

9.53 ± 0.05 

14.1 ± 0.15 

19.1 ± 0.05 

8.3 ± 0.68 

9.16±0.68 

14.1 ±0.53 

22.5 ± 1.17 

20 ± 0.24 

20±0.001 

22 ± 0.94 

21 ± 0.27 

76 ± 0.72 

7.21±0.17 

5.48 ± 0.11 

4.7± 0.047 

2.41 ±0.44 

7.32 ± 0.049 

3.4 ± 0.138 

1.46 ± 0.24 

1.87±0.23 

1.83 ± 0.06 

10.6 ± 0.16 

7.16 ± 0.07 

7 ± 0.65 

5.46 ± 0.05 

7.94 ± 0.03 

5.78 ± 0.13 

0.13 ± 0.002 0.13 ±0.002 0.14 ± 0.005 

0.21 ±0.01 0.18±0.18 0.20±0.007 

0.14 ± 0.002 '0.14 ± 0.001 0.14 ± 0.002 
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Table 7.3. Seasonal variation in physico-chemical characteristics of bog water in disturbed and undisturbed conditions in Khecheopalri 
peatland during 1998. 

' 
Site Seasons pH Alkalinity Conductivity DO C02 NH4-N Total-N . Chloride 1 P04-P 

(mg/l) t (~S) (mg/l) (mg/l) (mg/1) (mg/1) (mg/1) (mg/1) 

Bog Undisturbed Spring 

Rainy 3.80 15.50 26.00 3.85 4.11 0.46 7.30 7.26 0.28 

Winter 4.22 26.66 15.50 0.99 4.93 0.16 4.20 9.45 0.24 

Disturbed Spring 

Rainy 4.40 16.66 28.00 4.11 3.99 0.73 4.20 .- 5.78 0.281 

Winter 4.00 18.00 18.00 0.98 4.40 0.16 7.60 5.46 0.243 

ANOVA 

Site Conditions 0.05 0.05 0.05 NS 0.05 NS NS 0.001 NS 

Seasons NS 0.05 0.001 0.05 0.05 0.05 0.001 0.001 0.001 ,. 

Site conditions x Seasons 0.05 0.05 NS NS NS NS NS 0.05 NS 

LSD (0.05) 0.25 3.22 2.5 L75 0.35 0.32 0.412 0.51 0.025 

Dash= No water on bog surface in spring· 
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Table 7.4 Seasonal distribution of plankton species at different sites· in the Khecheopalri 

lake and bog. 

Planktons Lake a Bog 

UD D -un D 

s R w s R w R w R w 

PHYTOPLANKTON 
Chlorophyceae 

Ankistrodesmus sp. • • X • X 0 

Characium sp. • • 0 

Bulbochaete sp. • 0 X • 
.../~- Chlamydomonas sp . X • 0 • 

Chiarella sp. • X X X 

Closteridium sp .. • X X 0 

Chlorococcum sp. X 0 0 0 • 0 

Cosmarium sp. • • • X • • 
Cylindrocystis sp. • X 0 • 
Euastrum sp. X • • • X • 

-Kirchneriella sp. 0 • X • 
Penium sp. .o X • 
Mougeotia sp. X • • • • • 0 

Oedogoniwn sp. 0 X X 0 • 0 • • 0 

Phymatodocis sp. 0 X • 0 0 

Pithophora sp. • X X 0 

Spirogyra sp. • 0 0 0 0 • • 
Uronema sp. • • 0 0 0 • 

Cyanophyceae 

Aphanothece sp. 0 

Anabaena sp. 0· 

Aphanizomenon sp. o. 
Gloeocapsa sp: 0 X 0· x· 0 X 0 

Lyngbya sp. • 
Microcystis aeruginosa X 0 • 0 0 

(Kutz). 

Nostoc commune 0 • 0 X • 0. 
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(v~uch). 

Oscillatoria sp. 0 0 0 0 0 

Phormidium sp. 0 0 X 0 0 0 0 

Spirulina sp. 0 

Synechococcus 0 0 • 0 

aeurogenosus 

(Nag). 
Crysophyceae 

Coscinodiscus sp. 0 0 

Cocconeis sp. • ·0 0 0 

Fragilaria sp. 0. 

Gomphoriema berggreni 0 0 0 0 0 
....... -~ (Cleve). 

Pinnularia sp. X X X 0 

Navicula sp. X • X 0 0 

Hydrosera sp. 0 X X • 
Melosira sp. 0 • 
Tetracyclus sp. X X • • 0 0 0 

Cymbella palustri 's 0 0 
(Hust). 

Terpsinoe sp. 0 0 

Asterionella sp. 0 

Synedra sp. 0 0 • 
Rhoicosphenia curvata • 
(Kutz). 

Hantzschia amphioxys 0 

·---- (Ehr) Grun. 

Cryptophyceae 
Nitella sp. X • • • 0 

Euglinophyceae 

Colacium sp. X • 
Dinophyceae 

Peridinium sp. 0 0- 0 0 • 0 

Pyrrophyceae 
Cryptomonas sp. 0 • 
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ZOOPLANKTON 
'Protozoa 

Arcella sp. 0 • 0 X 0 

Centropyxix constricta X X. X 0 X 0 X 

(Ehrenberg) 

Didinium sp. X X X 

Pifflugia sp. • 0 • X X .. 0 0 

Zonomyxa sp. 0 0 • 
Rotifera 

Asplanchna sp. X X • X 0 

Adineta sp. X 

Keratella sp. X X 0 X 0 X 

Notholoca sp. X 0 0 

Philodina sp. X X X 0 

Elosa sp. 0- 0 X X 0 

Trichocerca sp. 0 0 X X X 0 

Cyclopoda 

Cyclops sp. X 0 X 

Mesocyclops sp. 0 0 X 0 X 

Cladocera 

Cypridopsis sp. 0 X 0 

Sida sp. X X 

Daphnia sp. 0 X X 0 0 

Isopoda 
Gammurus sp. X 0 

0 Species just present; x Species commonly present; • Dominarit species; UD = 
-~'"· undisturbed, D = disturbed; S = spring; R = W = winter, a = During spring time ramy; 

there was no water on the bog surface. 
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Table 7.5 Similarity index of phytoplankton and zooplankton among sites and 

conditions (undisturbed and disturbed) during different seasons 

Plankton Site & conditions Spring Rainy Winter 

Phytoplankton 

Lake (UD x D) 0.368 0.590 0.375 

Bog (UD x D) 0.476 0.471 

Zooplankton 

Lake (UD x D) 0.700 0.833 0.615 

~- Bog (UD x D) 0.526 0.364 

Phytoplankton 

Lake x Bog (UD) 0.558 0.160 

Lakex Bog (D) 0.576 0.417 

Lakex Bog (UD & D) 0.189 0.000 

Zooplankton 

Lake x Bog (UD) 0.471 0.167 
--0 

Lakex Bog (D)-.~- - 0.430 0.286 

Lakex Bog (UD & D) 0.190 0.100 

UD= undisturbed site; D= disturbed site 
-----..__:...._ 
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Table 7.6 Seasonal plankton species indices at undisturbed and disturbed site 

·conditions in the lake and bog of K.hecheopalri. 

Undisturbed Disturbed 

Plankton s R w ·s R w 

Phytoplankton 

Total species Lake 20 29 19 20 32 13 

Bog 15 6 27 11 

Species richness Lake 3.71 4.69 3.69 3.61 5.49 2.63 

Bog 3.44 1.85 5.48 2.51 

~ Species diversity Lake 2.53 2.74 2.45 2.33 3.05 1.93 

Bog 2.54 1.38 2.91 1.67 

Evenness index Lake 0.85 0.82 0.83 0.78 0.88 0.75 

Bog 0.94 0.77 0.88 0.69 

Dominance index Lake 0.09 0.07 0.13 0.12 0.05 0.22 

Bog 0.09 0.30 0.07 0.31 

Zooplankton 

Total species Lake 10 6 7 10 6 6 

Bog 11 5 8 8 

Species richness Lake 2.96 2.56 2.27 2.91 2.17 2.01 

Bog 3.79 1.67 2.92 2.52 

Species diversity Lake 2.18 1.75 1.81 2.14 1.20 1.71 
~-~-- Bog 2.34 1.55 1.97 1.96 

Evenness· index Lake 0.95 0.98 0.93 0.93 0.67 0.95 

Bog 0.98 0.96 0.73 0.94 

Dominance index Lake 0.13 0.18 0.18 0.14 0.18 0.19 

Bog 0.10 0.22 0.16 0.156 
- ..... 

S == spring; R = rainy; W = winter; - = no water on bog surface in spring. 
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'Table 7.7 Plankton productivity ofthe Khecheopalri lake. 

Parameters 

Gross primary 
productivitv 

2 -
(mgC/m /day) 

Respiration 
2 

(mgC/m /day) 

Net primary 
productivitY 

2 -
(mgC/m /day) 

Season Year Site I Site II Site III Site IV 

Winter 1997 16.0 I ± 0.94 16.53 ± 1.41 26.60±0.42 . 18.34±0. 91 

1998 15.49±0.47 16.00±2.14 25.72±0.95. 17.85± 1.40 

Spring 1997 64.13±1.18 67.16±0.512 87.80±4.76 91.46±2.82 

1998 60.75 ± 2.59 64.46 ± 2.05 81.10 ± 2.73 71 .20.± 0.40 

Rainy 1997 199.00 ± 0.27 170.00 ± 0.47 249.80 ±1.53 203.20 ±1.43 

1998 13 1.6 ± 0.58 168.40 ± 0.89 243.00 ± 0.14 205.90 ± 0.49 

Winter 1997 59.40±3.63 36.90±2.59 10.80±0.94 54.90±0.19 

1998 70.20 ± 2.35 38.70 ± 0.34 12.60 ± 1.0 I 56.70 ± 0.27 

Spring 1997 63:90±1.28 54.90±1.19 80.10±2.16 27.00±2.00 

1998 53.10±1.64 58.50±1.90 78.30±0.67 14.40±1.37 

Rainy 1997 189.00±0.72 89.10±\..86 72.00±0.74 89.00±1.98 

•' 

1998 131.40 ± 0.40 94.50 ± 1.76 . 77.40 ± 3.09 96.30 ±2.47 

. Winter 1997 -43.39 -20.37 15.84 36.56 

1998 -54.71 -22.7 13.12 -38.85 

Spring 1997 0.225 12.26 7.56 64.46 

1998 7.65 5.96 2.7 56.81 

Rainy 1997 10.125 81.34 177.75 114.1 

1998 0.2 73.9 165.6 ---< 112.27 
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Table 7.8 Faunal composition of the Khecheopalri lake. 

Scientific name 

Invertebrates 

Phyllium sp. 

Carausius sp. 

Gerris gracillcomis 

· Cybister sp. 

Hydatiscus sp. 

Fishes 

Cyprinus carpio 

Garra gotyla stenorhynchus 

Dania aequipinnatus 

Schistura multifaciatus 

Labeo pangusia 

Schizothorax richardsonii 

Acrossochellus hexagonoiepsis 

Amphibians 

Bufo himalayana 

Hyla sp. 

Migratory birds 

Anas crecca 

Aythya baeri 

Mergus merganser orieantalis 

Anser indicus 

Phalacrocoxasfuscicollis 

Todorna ferriginea 

Aythya fer ina 
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Common name/local name 

Leaf insects 

Stick insects 

Water strider 

Aquatic beetle 

Small water bettie 

Common carp 

Nakatuwa buduna 

. Bhitti 

Theyr 

Dothay asala 

Katley 

Common toad 

Bhyguta 

Common teal 

Baer' s pochard 

Eastern goosander 

Barheaded goose 

Indian Shag 

Brahmini duck 

Common pochard . 



l f 
·, 

~ 1' 

Table 7.9 Pearson's correlation coffiecient for physio-chemical characteristics, plankton productivity and respiration of the 

Khecheopalri lake (n= 12, d.f. = 10 for transparency, gross primary productivity and respiration, and for all other parameters n~ 18, 
' 

d.f. = 16) 

Parameters Transparency Temperature . pH Conductivity Acidity Alkalinity DO Free C02 Total NH~-N PO~-P Chloride GPP Respiration 
Nitrogen 

Transparency - -0.949 -0.631 -0.630 -0.445 0.690 -0.538 0.654 0.508 -0.327 -0.390 0.426 -0.869 -0.708 

Temperature 0.01 - 0.518 0.634 0.624 -0.511 0.549 -0.639 -0.458 0.381 0.197 -0.257 0.944 0.681' 

pH o.o5- 0.05 - 0.328 0.490 -0.134 0.494 -0.172 -0.340 0.409 0.120 ~0.230 0.396 0.620 

Conductivity 0.05 0.01 NS - 0.198 -0.602 -0.008 -0.165 -0.272 0.082 0.347 0.144 0.488 0.598-

Acidity NS 0.01 0.05 NS - 0.158 0.833 -0.516 -0.146 0.254 0 -0.558 0.412 0.272 

Alkalinity 0.05 0.05 N$ '0.01 NS - 0.274 0.001 0.292 0.120 -0.424 -0.286 -0.630 -0.327 

DO NS 0.05 0.05 NS 0.01 NS - -0.665 -0.270 0.308 -0.086 -0.728 0.445 0.391 

Free C02 0.05 0.01 NS NS 0.05 NS 0.01 - 0.331 -0.454 0.214 0.403 -0.620 -0.566 

Total nitrogen N~ NS NS NS NS NS NS NS - -0.074 -0.135 -0.170 -0.622 -0.113 

NH4-N NS NS NS NS NS NS NS NS NS - -0.602 -0.279 0.226 0.563 

P04-P NS NS NS NS NS NS NS NS NS 0.01 - 0.138 0.351 -0.002 

Chloride NS NS NS NS 0.05 NS 0.01 NS NS NS NS - -0.339 -0.245 

GPP 0.01 0.01 NS NS NS 0.05 NS 0.05 0.05 NS NS NS - 0.560 
I 

Respiration 0.0'1 0.05 0.05 0.05 NS NS NS NS NS NS NS NS NS 

NS= Not significant; Lower matrix = Probability values; Upper matrix= Correlation coefficients 
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Fig. 7.1 Khecheopalri Lake showing perennial inlets and outlet, an4 sample collection 
sites 
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Fig. 7.4 Seasonal variation in pH, temperature, transparency, acidity, alkalinity and conductivity of 
water at six sites in the Khecheopalri lake. ANOVA: pH- Site F
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Fig. 7.11 Trophic relationship (in terms of density and biomass) between 
phytoplankton, herbivores and the primary carnivores in the Khecheopalri lake 
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General discussion and recommendations 
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CHAPTER VIII 

The present research work deals with hydro-ecological analysis of a lake 

in relation to its drainage basin. The human dri\·en forces such as 

population growth and fragmentation of families , land use/cover change, 

livestock grazing and trampling, timber and fuelwood extraction, and 

growth in tourism and pilgrimage have aggravated ecological degradation 

and threatened the longevity of the lake. Assessment of these driv ing 

forces can help in understanding the resilience capacity of the lake 

ecosystem and then develop a management strategy. 

Khecheopalri lake is the most sacred lake of the Sikkim state, 

situated in the temperate condition with high religious belief and has a 

special place for its existence. Sacredness and pristine set up of the lake 

has made it a famous tourist destination and pilgrimage site. Local 

communities are also involved in tourism related acti\·ities and hence has 

been receiving economic incentives. The lake is the most attractive 

destination because of rich biodiversity, uniqueness of the site, ethnic and 

cultural diversity and the religious festivals. The lake is a halting place for 

Trans-Himalayan migratory birds. The lake being considered sacred, the 

water is not used for any other purposes except for rites and rituals. 

Fishing, boating and washing is strictly prohibited in the lake. Nearly 
\ 

10,900 tourists and 8,000 pilgrims visited the lake in 1998. The Bhumchu 

festival is the major festival observed by the ethnics where around 4500 

pilgrims arrived. Thus the heavy inflow of visitors has led to some 

negative impacts on the serenity of the lake especial ly in the form of 

noise, littering, garbage, motor vehicle pollution, resource extraction and 

185 



the offerings made in the lake water. There is a net deposition of around 3 

Mg of garbage annually in the lake watershed as contributed by tourism 

and pilgrimage. 

Growth in human population and fragmentation of the families have 

increased agriculture land by around three fold in the past two decades. 

The changes in land use/cover revealed that the dense mixed forest has 

decreased tremendously resulting in open mixed and degraded forest. The 

91 ha catchment area that directly drained in the lake and bog formed a 

part of 12 km 
2 

watershed area. This direct catchment was found to be 

heavily utilized for resource extraction and thereby caused impact in the 

lake system. Around 115 households with 362 livestock depended on the 

lake watershed for meeting their demands of fuel wood, timber and fodder. 

All families used fuelwood for cooking purposes and no other energy was 

available. Average annual consumption of woody biomass was recorded 

to 7.5 Mg per household. Fuel wood was also used during festivals, 

cardamom c_uring and tourism purpose apart from household consumption. 

Timber extraction was also recorded high and mainly used for 

construction of lodges and some families were also involved in illegal 

trade. The carrying capacity in terms of woody biomass for fuelwood 

requirement was 0.43 times higher than the existing population and found 

3.5 times lower compared to the central Himalayan forests (Singh and 

Singh 1992). 

Extraction of trees from the lake watershed for timber and fuel wood 

has led to squeezing of certain canopy species such as Q~;rcus and 

Castanopsis to only higher DBH classes. Livestock grazing had definite 

pressure on the regeneration of tree species. Seedlings and saplings of sub-
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canopy species have increased. The sub-canopy species were mainly 

secondary species that dominated in terms of density. These secondary 

species contain lower standing biomass with smaller DBH classes, and 

henceforth reduce the woody biomass availability compared to stratified 

structure with canopy and sub-canopy species. replacement of canopy 

species by secondary species would pose limitation of woody biomass 

availability for both timber and firewood purposes. Sundriyal and Sharma 

( 1996) also reported take over by secondary species due to heavy pressure 

on canopy species and their regeneration problem of a temperate forest of 

south Sikkim. Annual woody biomass removal was 26o/o and the fodder 

4 7% of the productivity from the watershed forest. This shows that the 

watershed forests are within the carrying capacity for firewood and fodder 

extraction. However, its impact in terms of increased soil and nutrient 

deposition in the lake has led to eutrophication process. Reduction in the 

canopy species, trampling by grazing animals and conversion of forest to 

agricultural land use have led to exposure of soil consequently increased 

soil and nutrient loss from the watershed. The disturbed forest showed 

5.65 times higher soil loss compared to undisturbed forest. Bormann and 

Likens ( 1979) have reported sediment output from careless clearcut 

mountains of West Verginia to be 302 Mg/km
2
/yr and clearcut followed 

by farm and pasture mountains of North Carolina to be 3,600 Mg/km
2
/yr. 

In the present study a net annual deposition of 141 Mg of sediment in the 

lake and bog was recorded. The highest soil loss was from the agriculture 
' 

land followed by bare land in the present study. Narayana and Ram Babu 

(1983) have shown that approximately 5.3 x 109 Mg of soil is being 
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eroded every year in our country due to agricultural activities alone. 

Holeman et al. (1977) estimated conesponding figures in USA as 1.8 x 

109 Mg. Total soil loss from the Khecheopalri lake watershed was 502 

Mg/km2/yr and this was lower than 616 Mg/km
2
/yr from a watershed in 

south Sikkim (Rai and Sharma 1998b ), however it was at the lower side of 

the range of 500-1000 Mg/km
2
/yr reported for the Himalayan region by 

Milliman and Meade ( 1983 ). 

Discharge into and out of the lake was highly seasonal and directly 

related to precipitation. Most of the annual rainfall was received during 

rainy season, and tqe discharge and sediment movement was higher 

during this period. The soil and nutrient loss from the watershed has led to 

the annual deposition of 1.42 Mg of total nitrogen, 0.31 Mg of total 

phosphorus and 6.88 Mg of organic carbon. Enex (1978) reported a net 

flow of 5.5 Mg of phosphorus and 88.9 Mg of nitrogen getting drained 

every year from the sunoundings in Dal lake located in the western 
·· ·'t 

Himalaya. 

The sediments and nutrients from the watershed were filling up the 

lake gradually leading to decrease in the depth and growth of vegetation. 

The vegetation in turn affected the flow regimes decreasing the frequency 

and depth of flooding, so the less organic production was exported out and 

deposited as peat. The peat land had increased by 33% in little more than 

four decades reducing the open water surface of the lake forming a kettle 

hole bog. The radiocarbon dating of the sample showed that J he peat is 
' 

being deposited since 3500 years and the recent formations were 

encountered near the lake water periphery. However, higher dates beyond 
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lower in the present study inspite of heavy cattle grazing pressure in the 

bog. Buffering action of the bog could have been playing a key role in 

filtering the nutrients. Chlorophycean group generally have been reported 

to be dominating the bog lakes (Prescott 1951 ; Welch 1952). Phytoplakton 

blooms having a dominance of chlorophyceaen group was recorded in the 

present study. The contribution was higher during warmer period resulting 

in high planktonic productivity of 247 mgC/m
2
/day and respiration 189 

mgC/m2/day in the lake. The rate of primary production was within the 

range of 7 to 3000 mgC/m
2
/day for Himalayan lakes as given by Kaul 

( 1977). The density and diversity of the plankton revealed that the lake 

was enriched by nutrients from the upland watershed during the rainy 

season, however the peatland was acting as a buffering interface and 

keeping the lake within its resilience capacity . .The physico-chemical and 

biological characteristics of the lake revealed the oligo-mesotrophic 

nature, however, if the anthropogenic pressure continues in the current 

rate then the lake will die soon in the near future. 

Restorati-on of ecosystems back to 'natural' state is often impeded 

by lack of information and integrated action because of complexity of 

ecosystems. Restoration of lake ecosystems can be guided by developing a 

multi-pronged approach for the assessment of biological integrity and the 

linkages between the teiTestrial and aquatic systems (Fig. 8.1 ). The 

linkages and system interactions among the three components such as the 

lake, bog and watershed were studied to assess the factors rescionsible for -,_ 

the lake deterioration and its longevity. This study identified five 

indicators of disturbances that impaired biological integrity in the lake at 
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calibration range for materials at the lake bottom revealed that the fine 

peat from the bottom was sliding down to the lake water resulting from 

micro-relief topography and concavity of the surface, trampling by the 

grazing animals in the bog and sediment deposition load in the peatland 

and lake every year. The peatland was acting as a filtering interface for the 

sediments and nutrients, however its intensity was rather limited 

especially during the rainy season. This view has also been supported by 

Buttery et al. ( 1965) and Gosselink and Turner ( 1978). Terrestrialization 

process has revealed that the primary succession in the form of classic 

hydrosere succession has started. This was followed by filling of the lake 

by organic sediments that produced a sequence of vegetation communities 

beginning with marsh community of aquatic plants, then a bog having a 

dominance of Sphagnum moss developed, and culminating into mesic 

ericaceous shrubs and tree species on the peatland at the forest edge. This 

corroborates with the findings of some earlier workers in other parts of the 

world (Frolik 1941; Godwin 1956; Shimwell 1971; Gosselink and Maltby 

1990; Mitsch and Gosselink 1993; Longton 1992). 

Most of the precipitation was received in the rainy season that 

forced higher overland flow and nutrients peaked in the lake water during 

this season. The transparency of the lake decreased during this season with 

the increase in conductivity values. Khulbe (1992) reported similar 

findings in Nainital lake. Zutshi et al. ( 1972) has categorized lakes into 

two types depending on the content of electrolytes. Lakes with 

conductivity values less than 50 ).lS and lakes with conductivity values 

around 150 ).lS, and the higher value was attributable to cattle grazing on 

the lake periphery. However, the values of conductivity were slightly 
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vanous sites. The coupling of various factors such as land use/cover 

change, pilgrimage and tourism growth, livestock grazing, resources 

extraction, and soil and nutrient deposition in the lake led to negative 

impact and deteriorated the site condition (Fig. 8.1 ). A few factors that 

maintained the lake health was peatland formation around the lake, which 

restricted the direct inflow of water and sediment to the lake. However the 

major negative impact . of the peatland was through its horizontal 

encroachment by vegetation in the open water that also threatened the 

longevity of. the lake. Continued anthropogenic pressure in the lake 

watershed is expected to aggravate the sediment and nutrient deposition in 

the lake. The current rate of pressure threatens the longevity of the lake 

and it might be filled up by next 35 years. This was very clear from the 

expansion of bog in the past four decades. 

Tourism and pilgrimage to the lake is the most important economic 

activity in the Khecheopalri area apan from the subsistence farming. The 

participation of the local communities in tourism and thereby increasing 

the household income can be achieved. The ecotourism enterprise based 

lake conservation would be the best management option. Increased 

economic return can ensure affordability for alternative fuel by local 

community. The economic incentives to the local community from the 

lake and biodiversity can be an approach for their conservation. Activities 

in this approach should be initiated that can reduce the pressure in the lake 

watershed and will have positive impacts on the lake. 

Khecheopalri is a unique destination that has a large n'umber of 

attraction attributes for visitors. It being a sacred lake and having an 

imponant religious festival also attracts pilgrims. The pilgrimage and 
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tourism to the lake can be associated with the economic development of 

the local populace apart from their sedentary farming. The uniqueness of 

the destination is also attributed to a rich biodiversity. Therefore economic 

development associated with conservation of forests and biodiversity in 

the form of ecotourism can be one livelihood option that can be 

sustainable and can equally tranquillize the nature lovers. There is a 

delicate relationship between the lake ecosystem and community beliefs. 

The religious and cultural practices have high value in ethnic 

communities. These traditional and cultural practices have to be linked 

while drawing up a management and restoration plan. The ecotourism 

favours the concept of cultural , biological and nature conservation, and 

also stresses on the economic benefits going down to local community. 

Therefore, Khecheopalri being an important tourism and pilgrimage 

destination be developed in a participatory way by implementing activities 

related to ecotourism • 

192 



RECOMMENDATIONS 

Generally, conservation is a balance of policies, progress and practices in 

implementing preservation to minimize the exploitation or alteration of 

resources. It is a practice which provides sustained benefits without 

deteriorating habitat components. All the closed waterbodies are bound to 

fill with time sooner or later. The process of lake filling can be retarded 

and the lake longevity increased by integrated management approach 

where human interference be minimized on the resource extraction. 

However, indirect benefits of sacredness and natural beauty can be 

harnessed especially for ecotourism purposes. This research study was 

carried out in a holistic approach for addressing ecosystem attributes in 

understanding different components and their interactions. The following 

recommendations are made based on ecosystem attributes studied in a 

holistic approach. 

1. Restriction of fuelwood and timber collection, especially the canopy 

species from the lake watershed, was essential in maintaining the 

quality of the forest. Exploitation of the canopy species caused 

imbalance among the species that led to dominance . by secondary 

species reducing the fuelwood biomass. This may be detrimental for 

the fuelwood may not be sufficient to meet the basic requirements of 

the local community. Dense mixed forest cover should be maintained 

on the ridges of the lake watershed to regulate stream flow and reduce 

erosiOn process. . 
2. Livestock grazing needs to be controlled m the lake w~tershed to 

minimize soil loss. Trampling in the bog area needs to be stopped 

completely as it leads to the sliding down of peat into the water and 
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making the lake shallow. Animal waste also enriches the lake with 

nutrients that accelerates eutrophication process. Recovery of the 

Sphagnum mats takes at least two years after damage from trampling. 

Sphagnum mats have important filtering interface role in this lake 

where sediment load from the watershed was very high. 

3. A few native rhizomatous species such as Alocasia may be grown at 

the forest edge of lake to restrict the sediment from entering the lake 

and bog. 

4. Successional development in the bog area should be arrested by 

minimizing sediment accretion from the watershed. This can be 

achieved by reducing grazing intensities and fuelwood extraction. 

Agricultural practice in the lake watershed was the main contributor of 

sediment and nutrient load in the lake. It also causes nutrient 

enrichment through leaching loss and promote productivity in the bog. 

Agroforestry has been found to be much better practice especially the 

large cardamom based system where runoff, soil erosion and nutrient 

loss were found minimum. Therefore the agriculture area in the lake 

watershed may be encouraged for large cardamom based agroforestry. 

5. The offerings made by the pilgrims and the remains of the incense find 

their way into the lake water turning the water acidic. Rituals may be 

performed at a place near the lake and the offerings should not be 

allowed to enter the lake. Alternatively removal of offerings from the 

lake water on daily basis by local conservation body (Khecheopalri 

Holy Lake Welfare Committee) may be initiated. 

6. 'Ecotourism' can be an important source of economic generation for 

the local community which also would add to the state revenue and 

194 



-
simultaneously conserve the biological diversity. Ecotourism practices 

would also promote preservation of cultural diversity and keep the 

sacredness of the lake intact. It is an approach of enterprise based 

community involved conservation that is most suitable at the 

Khecheopalri area. 

7. The long term scientific monitoring is very much essential to know the 

status of the lake for its longevity. Monitoring of biodiversity and 

creation of a database would be an important work which can help in 

reviewing the management strategies and action from time to time. 

Peatland in the Khecheopalri is a unique feature in the temperate 

Himalaya, therefore it needs further research for better understanding 

of principles on peat functioning. 

8. Khecheopalri has a great value for its sacredness and also because of 

its unique feature in peatland development. There is no other lake in 

Sikkim with such a special feature, therefore it warrants community 

and government participation in addressing common issues of 

management. A management plan based on this study be drawn and 

actions initiated without any further delay. The community awareness 

and code of conduct for visitors are actions which can be started 

immediately • 
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SUMMARY 

The study was carried out in a famous 'Wish fulfilling lake" called the 

Khecheopalri which is considered as the most sacred lake by the 

Sikkimese ethnics. The lake is an important pilgrimage site that has also 

become a destination of great choice for tourists in recent years. There 

were conspicuous environmental impacts and threat for the longevity of 

the lake. Therefore, this research work was planned and undertaken with 

the objectives to study: (i) hydro-ecological parameters such as overland 

flow, soil erosion, nutrient loss and sediment concentration in runoff water 

on land-use basis of the lake · watershed, (ii) boggy area for its role in 

filtering the incoming sediments with the runoff water and maintaining the 

health of the lake, (iii) floral vegetation on marshy land of the lake and 

surrounding forests to understand the impacts of resource extraction, 

agricultural practices and grazing, (iv) soil profile in boggy area and 

forest, and their nutrients for estimating the rate of siltation and nutrient 

flow, . (v) physico-chemical properties of the lake for ecological 

understanding of the system, and (vi) impact of tourism and pilgrimage on 

the bio-physical environment and socio-economical aspects of the 

Khecheoaplri lake area. 

The lake is situated in the midst of forest revealing its pristine set up 

at an altitude of 1700 m asl in the western part of Sikkim. The lake has an 

open water area of37900 m
2 

and a bog area of70100 m
2

. The mean depth 

of the lake is 7.2 m. The lake has drainage basin of 12 km 2 of which 91 ha 

drains directly to the lake and bog. The lake is polymictic type with 
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continuous circulation. Geologically the rock belongs to Darjeeling group, 

which mainly comprised of high-grade gneisses containing quartz, 

feldspar with streaks of biotite. The soil of the lake watershed is sandy 

loam in nature. Climate of the area is monsoonic and divisible into rainy, 

winter and spring seasons. Annual mean precipitation was 3 83 7 mm and 

mean temperature ranged from 4 °C to 24 °C within the annual cycle 

during the study period. 

The linkages and system interactions among the three components 

such as the lake, bog and watershed were studied to assess the factors 

responsible for the lake deterioration and its longevity. The hydro

ecological studies were carried out at six sites, four in the lake periphery 

as Site-I (South-East), Site-II (North-East), Site-III (North-West), Site-IV 

(South-West) and one ,each in the perennial inlet sources (North-West) and 

outlet (South-West). Site-I and Site-II were considered as the disturbed 

sites, which received pressures of pilgrimage, tourism and livestock 

grazing in ·the bog, and watershed area that comprised mostly of 

agricultural lands and settlement. In contrary, Site-III and Site-IV were 

considered as relatively undisturbed sites
1 

which were not accessible by 

tourists and pilgrims, and the watershed area is covered by dense forest. 

Salient findings 

1. The socioeconomic profile revealed the dominance of Lepcha 

communities (90%) having 80 households with 488 population in two 

blocks namely Khecheopalri and Chojo. Around 35 househo-lds reside 

at the ridge of the lake watershed practicing farming in the form of 

agriculture and livestock rearing. The density of the population is 41 
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persons per sq. km. Livestock population comprised of 362 animals 

with 115 cows, 106 goats, 96 pigs and 45 sheep. The two main 

livelihoods of the people are subsistence farming and tourism. Tourism 

is gaining popularity in recent years. 

2. In 1998 out of 1,43,410 visitors coming to Sikkim only 13% arrived 

Khecheopalri. There is a general perception that the majority of the 

tourists come for recreation but in the case of Khecheopalri lake the 

visitors came for both recreation and pilgrimage. Visitor numbers have 

grown from 16,068 in 1997 to 18,713 in 1998. During 1998 visitor 

arrivals comprised of 10,913 tourists and 7,800 pilgrims. 

3. The heavy inflow of visitors during the religious festival showed some 

negative impacts on the serenity of the lake specially in the form of 

noise, littering, garbage dumps, motor vehicle pollution, resource 

extraction and the offerings made in the lake water. Garbage 

quantification in 1998 after the festival showed that the total garbage 

collected· was 452 kg out of which 62% was biodegradable and 38% 

non-biodegradable wastes. The total garbage collected during the 

tourist season was 2375 kg in and around the lake, comprising 87% 

biodegradable and 13% non bio-degradable. Around 3000 kg of solid 

wastes were deposited annually in the watershed area that was 

categorized as 81% biodegradable and 19o/o non-biodegradable wastes. 

4. The plant diversity of the watershed forest comprised of 112 species 

belonging to 58 families and 101 genera. The vegetation was 

dominated by phanerophytes (55%) and therophytes (20o/o) . The floral 

diversity of the peatland comprised of 86 plant species belonging to 47 
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families and 83 genera. The vegetation in the bog was dominated by 

phanerophytes ( 46%) that was followed by hemicryptophyte (26% ). 

Plants belonging to families like Polygonaceae, Ericaceae, Araceae and 

Asteraceae are dominating. Sphagnum palustre and Sphagnum 

nepalense were mosses that dominated the bog and plants such as 

Acarus calamus, Arundo donax, Rhododendron lindleyi and 

Saccharum species were also important associates. Only four 

hydrophytic plants viz., Aponogeton monostachyon, Monocharia 

vagina/is, Scirpus sp. and Ceratophyllum sp. were recorded from the 

lake. 

5. The faunal composition of the lake watershed comprised of 18 

mammalian species, 2 reptilian species and 15 bird species. Aquatic 

biodiversity of the lake comprised of 48 phytoplankton, 18 

zooplankton, 5 invertebrates, 7 fishes, 2 amphibians and 7 migratory 

birds. Cyprinus carpio was dominant in the lake with a few indigenous 

species such as Schizothorax richardsonii, Carra gotyla stenorhynchus 

and Dania aequipinnatus. Schistura multifaciatus was the only fish 

encountered at the perennial inlet. 

6. Land-use/cover change study revealed that dense forest decreased in 

the past few decades with increase of open-mixed and degraded 

forests. The dense mixed forest, which was contributing 96% in 1963, 

has reduced to only 23% in 1997 where as the settlement and cropped 

area which was 4% in 1963 increased to 13% in 1997. The -open water 

surface area was 7.4 ha in 1963 that decreased to 3. 8 ha in 1997, and 

peatland increased from 3.4 to 7 ha in four and half decades. 
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7. The forest structure has been changing based on the dominance of 

canopy species. Castanopsis tribuloides a dominant canopy species has 

a few small size tree and very poor natural regereration. It is expected 

that this species will be outcasted from the system in the near future as 

was Quercus (which has a mere presence of 4 trees/ha) if the biotic 

pressure continues. The woody biomass productivity was 9.5 Mg/ha/yr 

and ground phytomass 3.28 Mg/ha/yr. 

8. Annual woody biomass removal was 26% and the fodder 47% of the 

productivity from the watershed forest. This shows that the watershed 

forests are within the carrying capacity for firewood and fodder 

extraction. However, its impact in terms of increased soil and nutrient 

deposition in the lake has led to eutrophication process. Reduction in 

the canopy species, trampling by grazing animals and conversion of 

forest to agricultural land use have led to exposure of soil and 

consequently increasing the soil and nutrient loss from the watershed. 

The growth of regenerating species showed greater potential for 

secondary species, which indicate that slowly the secondary species 

will dominate and canopy species will disappear from the system. The 

secondary species such as Symplocos thaefolia, Eurya acuminata and 

Viburnum cordifolium contributed less biomass compared to the 

canopy species. So the fulfillment of the demand for fuelwood and 

timber in the near future will be affected for the ever-growmg 

population. -,, 

9. The overland flow was recorded highest ( 4. 8 %) from the bare land 

followed by cropped land (3. 79% ). Soil loss was highest from the 
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cropped area with 405 kg/ha followed by 156 kg/ha from bare land 

based on three rainfall events. The lowest soil loss was recorded in the 

large cardamom based agroforestry system. The soil loss from the 

degraded forest was recorded more than six times higher than that of 

the undisturbed dense mixed forest dominated by canopy species. 

1 O.Anthropogenic pressure in the lake watershed have resulted in the 

increase of soil and nutrient deposition in the lake and bog. During the 

present study, annual deposition of 141 Mg of sediment along with 

1.42 Mg of total nitrogen, 0.31 Mg of total phosphorus and 6.88 Mg of 

organic carbon in the lake and bog were recorded. 

11.Precipitation partitioning pathways showed that about 62% of 

throughfall and stemflow was collected as leachate in large cardamom 

based agroforestry system followed by 51% in traditional agriculture 

based agroforestry and 3 1% in natural forest. Floor interception was 

highest ( 66%) in forest followed by traditional agriculture based 

agrofores.try (44o/o) and cardamom based agroforestry sy~tems (35%). 
' 

12. The sediments and nutrients from the watershed were filling up the 

lake gradually leading to decrease in the depth and growth of 

vegetation. The vegetation in tum affected the flow regimes decreasing 

the frequency and depth of flooding, so the less organic production was 

exported out and deposited as peat. The radiocarbon dating of the 

sample showed that the peat had been depositing since 3500 years and 

the recent formations were encountered near the lake water_ periphery. 

However, higher dates beyor j calibration range for materials at the 

lake bottom revealed that the fine peat from the bottom was sliding 
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down to the lake water resulting from micro-relief topography and 

conc~vity of the surface, trampling by the grazing animals in the bog 

and sediment deposition load in the peatland and lake every year. 

13. The processes of terrestrialization and succession are very much 

evident in the peatland with the colonization by terrestrial species at 

the bog forest edge. The terrestrial species were encountered more in 

the peatland towards the side where upland watershed was dominated 

with forests. The peat formation was recorded 2-5 m in depth. The 

highest standing biomass (960 g/m2
) was recorded for Acarus sp. 

followed by Sphagnum sp. (533 g/m2
). Horizontal and vertical 

increment of the peatland was higher at the disturbed site of the 

watershed and the standing biomass was also recorded greater at the 

disturbed sites compared to undisturbed sites. The organic matter 

transported from the various land uses of the watershed to the peatland 

accounted 127 g/m2/yr from agricultural land, 786 g/m2/yr from forests 

and 33.9 g/m2/yr from cardamom based agroforestry systems. 

14.The bulk density and organic matter of the bog revealed the inverse 

relation with bulk density being higher at the bog-forest edge and 

organic matter at the lake edge. Bulk density ranged from 0.074 to 

0.917 g/cm3 
. . The spatial nutrient dynamics revealed that phosphorus 

was very low and ranged from 0.003 to 0.071%, calcium ranged from 

0.021 to 0.154% near lake edges and increased subsequently at the bog 

forest edge. Total nitrogen decreased with depth and ranged-from 0.73 

to 1.26%. The pH ranged from 4.41 to 5.85 and increased with ci ;stance 

from the lake edge. Calcium also showed similar pattern whereas the 
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acidity decreased from the lake edge to the bog forest edge. The bulk 

density and the nutrient dynamics give the evidence that the sediment 

coming from the disturbed land use was trapped at the bog forest edge 

and the peatland was playing a role of filtering interface. 

15.Annual inflow of water contributed by the two perennial and five 

seasonal streams was estimated at 1103 x 106 1, while outflow was 4279 

x 106 1 in 1997. The highest discharge of 3835 x 106 1 (90%) was 

recorded in the rainy season and lowest value of 94 x 106 1 (2%) in the 

summer season at the outlet. More than 50% of the discharge at the 

outlet occurred in the month of August. 

16.Most of the precipitation was received in the rainy season that forced 

higher overland flow and nutrients peaked in the lake water during this 

season. The transpar~ncy of the lake decreased during this season with 

the increase in conductivity values. The pH of the lake water ranged 

from 6.8 to 8.2 and temperature from 8.8° to 19.6°C during various 

seasons of the year. Acidity and free carbon dioxide was both recorded 

higher at the similar period stating that acidity was not due to free 

carbon dioxide but by the organic acids produced in the bog margins 

that percolated into the bike. The dissolved oxygen ranged from 1.67 to 

9.92 mg/1 and carbon dioxide from 4.1 to 7.1 mg/1 at different seasons. 

The nutrient analysis showed that ammonium nitrogen ranged from 

0.82 to 2.92 mg/1, chloride 2.64 to 10.4 mg/1, total nitrogen 3.73 to 8.7 

mg/1 and phosphate phosphorus 0.07 to 0.18 mg/1 at different seasons 

of the year. They are mostly higher at the ritual-performing site 

(disturbed) compared to other sites. The sediment flowing from the 
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watershed reduced the lake transparency considerably from 134 to 70 

em from winter and spring seasons to rainy season being least at the 

disturbed site of the lake. 

17 .Phytoplankton species composition belonging to different families 

showed chlorophyceae (18) to be the most dominant group, followed 

by chrysophyceae ( 15), cyanophyceae ( 11 ), and one species each of 

charophyceae, euglenophyceae, dinophyceae and cryptophyceae. 

Cyanophycean group was higher in the lake compared to the bog. 

Some of the species such as Ankistrodesmus sp., Gloeocapsa sp., 

Lyngbya sp. and Microcystis sp. were found to be dominant in the lake 

water whereas they had mere presence in the bog. The most common 

species shared by both the lake and the bog water were Nitella sp., 

Mougeotia sp., Oedogonium sp., Bulbochaete sp., Euastrum sp. and 

Cosmarium sp. A total of 18 species of zooplankton from the lake and 

bog were recorded that comprised of 7 rotifers, 5 protozoans, 2 each of 

copepods and cladocerans, and 1 each of . ostracods and isopods 

Asplanchna sp. and Notholoca sp. were ·absent in the bog, whereas 

both the lake and bog shared the protozoans and other groups. 

Difflugia sp. was dominant in the lake water while it was just present 

in the bog. 

18. The lake conditions (disturbed and undisturbed sites) showed more 

similarity in species composition than the bog during rainy season. 

Among the lake conditions the similarity index was highest ·(Q.59) with 

eighteen common species of pLytoplankton and decreased in winter 

(0.375) where only six species were found common. It was almost 
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similar in the ramy and winter seasons in the bog when compared 

among disturbed and undisturbed conditions where ten species were 

found common during the rainy season. Comparatively, disturbed site 

conditions were found to have greater similarity of species than the 

undisturbed site conditions in both the sites during rainy and winter 

seasons. Comparison of both the sites and conditions showed that the 

species were highly dissimilar (0.811) during rainy and no similarity of 

species during winter indicating that most of the species were site 

specific. Zooplankton also showed the similarity to be higher in the 

lake site conditions during the rainy season (0.833) followed by spring 

(0. 700) and least in winter (0.615). In the bog, higher similarity (0.526) 

was recorded among both the conditions in the rainy season. In case of 

zoolpankton the disturbed condition had slightly less similarity (0.430) 

than the undisturbed condition (0.471) in the rainy season. Taking into 

consideration for all the sites and conditions, zooplankton showed 

slightly more dissimilarity in the winter (0:9) tfian in the rainy season 

(0.81 ). 

19.The species richness of phytoplankton was recorded highest in the 

rainy season and lowest irt the winter season with values higher in 

disturbed conditions of both the sites compared to undisturbed site 

conditions. The diversity index also followed the similar pattern being 

higher in disturbed site conditions than the undisturbed site conditions 

in the rainy season. The maximum species richness of zooplankton 

was recorded in the spring season (2.96) of the lake and rainy (3.79) of 

the bog. 
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20. The phytoplankton density of 0.75xl 04 units/1 at the bog and 4.84xl 0
4 

units/1 in the lake was recorded during the winter season, and highest 

value of 5.57xl04 units/1 at the bog and 19.45x104 units/1 in the lake 

was found during the rainy season. In all the seasons, higher density 

values were recorded at the undisturbed condition of the lake, in 

contrary to the bog where highest values were in the disturbed 

condition. Phytoplankton biomass ranged between 1.84 to 6.10 g/m3 in 

the lake and 0.63 to 7.03 g/m3 in the bog. The biomass was greatest in 

the rainy season at both the sites and conditions. The contributions of 

Spirogyra sp., Mougeotia sp. , Oedogonium sp. and Uronema sp. were 

highest in the rainy season. In all the seasons, higher biomass was 

recorded at the undisturbed condition in case of the lake whereas it was 

highest at the disturbed site condition in the bog. 

21.The zooplankton density ranged from 0.70x104 units/1 in the 

undisturbed condition in the rainy season to 2.20x 104 units/1 in the 

spring season at the disturbed condition of the lake. The density was 

recorded highest ( 1.6 x1 04 units/1) in the bog during winter season. In 

the bog, higher density was recorded at the undisturbed condition in 

rainy and disturbed condition in the winter season. Biomass in terms of 

fresh weight did not reveal any relationship with density. Zooplankton 

biomass was relatively low compared to phytoplankton biomass in all 

the seasons. A sudden increase in biomass during winter ( 4.54 g/m3 in 

the bog and 4.43 g/m3 in the lake) was recorded and was contributed 

maint by protozoan and cladoceran groups. Rotifers, which were the 

largest contributor to total population during the spring and rainy 

207 



--

seasons in terms of number, could not form a sizeable part as biomass 

resulting from their small size. Disturbed condition of the bog showed 

higher biomass of zooplankton compared to undisturbed condition in 

both the rainy and winter seasons 

22.Gross primary productivity values showed higher trend in rainy season 

followed by spring and least in winter as the phytoplanktonic growth. 

The gross primary productivity varied between 16 to 250 mgC/m2/day 

in 1997 and 15.5 to 243 mgC/m2/day in 1998. The gross primary 

productivity showed highest value at undisturbed condition during the 

rainy season and lowest values in disturbed condition during the winter 

season in both the years. Respiratory values of the lake water varied 

between 10.8 to 189 mg C/m2/day in 1997 and 12.6 to 131.4 

mgC/m2/day in 1998. The net primary productivity showed negative 

values below zero during the winter seasons where as highest in rainy 

seasons. The net primary productivity values ranged from - 43 to 178 

in 1997 and -55 to 166 in 1998. Comparison of gross pnmary 

productivity and respiratory loss indicated that there was gam m 

productivity in rainy and spring seasons with positive net pnmary 

productivity, and loss in winter season with negative pnmary 

productivity. 

23. The herbivores comprised of all the zooplanktonic groups except 

Asplanchana sp. of rotifers group, and Cyclops and Mesocyclops of 

copepods were the primary carnivores. The dominance of Ker:.atella sp. 

of rotifers and Daphnia sp. among cladocerans in particular showed 

dominance during winter season where Keratella sp. showed affinity 
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for filamentous or elongated cells. It appears quite possible that 

producers being fed upon by Keratella and Daphnia species which in 

tum predated by Asplanchana species. There is a large gap in biomass 

between herbivores and primary carnivore levels as compared to 

phytoplankton and herbivores. In general, first and second trophic 

levels have a direct relationship whereas second and third trophic 

levels indicate inverse relationships. This indicated that energy transfer 

between the first and second trophic levels was relatively more 

efficient than between second and third trophic levels. Perhaps fishes 

in the lake are playing a major role in controlling the population of the 

primary carnivore. Besides, the density of the herbivores was found 

slightly low during rainy season because of grazing by omnivorous 

fishes that breed during the rainy season stressing the herbivores. 

Schiziothorax species have more affinity towards the zooplankton 

. during their fingerling stage causing reduction in less herbivore 

number. . 

24.It is apparent that the Khecheopalri lake supports luxuriant growth of 

both phytoplankton and zooplankton depicting its high aquatic 

biodiversity. The lake is presently dominated by chlorophyceae and 

chrysophyceae groups, however the eutrophic indicator species such as 

Cryptomonas sp., Spirogyra sp. , Anabaena sp., Oscillatoria sp. and 

Nostoc sp. have invaded. This shows that the lake has been adversely 

affected by the inflow of silt and nutrients from the grazing_ livestock 

and the visitors that has initiated the eutrophication process in the lake. 

The interaction of algae, herbivores and the predators with favored 
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climatic conditions has kept the lake within the resilience capacity 

however its longevity depends solely on the management of the 

surrounding watershed. 

25. This study identified five indicators of disturbances that impaired 

biological integrity in the lake at various sites. The coupling of various 

factors such as land use/cover change, pilgrimage and tourism growth, 

livestock grazing, resources extraction, and soil and nutrient deposition 

in the lake led to negative impact and deteriorated the site condition. A 

few factors that maintained the lake health was peatland formation 

around the lake, which restricted the direct inflow of water and 

sediment to the lake. However the major negative impact of the 

peatland was through its horizontal encroachment by vegetation in the 

open water that also threatened the longevity of the lake. Continued 

anthropogenic pressure in the lake watershed was expected to 

aggravate the sediment and nutrient deposition in the lake. The current 

rate of pressure threatens the longevity of the l~ke and it might be filled 

up by another 35 years. This is assumed based from the expansion of 

the bog in the past four decades. 

26.Khecheopalri is a unique destination that has a large number of 

attraction attributes for visitors. It being a sacred lake having an 

important religious festival also attracts pilgrims. The pilgrimage and 

tourism to the lake can be associated with the economic development 

of the local populace apart from their sedentary farming. The 

uniqueness of the destination is also attrii.uted to a rich biodiversity. 

Therefore economic development associated with conservation of 
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forests and biodiversity in the form of "ecotourism" can be one 

livelihood option that can be sustainable and equally tranquilize the 

nature lovers. The participation of the local communities in tourism 

and thereby increasing the household income can be achieved. The 

ecotourism enterprise based lake conservation would be the best 

management option. Increased economic return can ensure 

affordability for alternative fuel by the local communities. Activities in 

this approach should be initiated that can reduce the pressure in the 

lake watershed and will have positive impacts on the lake. 

27.There is a delicate relationship between the lake ecosystem and 

community beliefs. The religious and cultural practices have high 

value in ethnic communities. These traditional and cultural practices 

have to be linked while drawing up a management and restoration plan. 

The ecotourism favors the concept of cultural, biological and nature 

conservation, and also stresses on the economic benefits going down to 

local· community. Therefore, Khecheopalri being an important tourism 

and pilgrimage destination be developed in a participatory way by 

implementing activities related to ecotourism • 
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Appendix 1 

List of plants encountered by life forms Ill the Khecheopalri lake 

watershed 

Habit/ Species Vernacular Family *Life-
name forms 

Climbers 

Bryonia laciniosa Linn. Cucurbitaceae Ph 

Cissus repanda Vahl. ' Pani !ahara' Vitaceae Ph 

Citrullus colocynthis Schrad . ' Indreni ' Cucurbitaceae Ph 

Hodgsonia heteroclita Hook. f. & Th. Cucurbitaceae Ph 

Piper boehmeriaejolia Wall . 'Pi pia' Piperaceae Ph 

Piper longum Linn. ' Pi pia ' Piperaceae Ph 

Pathos scandens Linn. ' Money plant ' Araceae Ph 

Rhaphidophora glauca Schott ' Kanchirna ' Araceae Ph 

Smilax aspera Linn. 'Kurkurdainay' Sm il acaceae Ph 

Epiphytes 

Vaccinium vacciniaceum Sleumer Ericaceae . Ph 

Herbs 

Achyranthes aspera Linn. ' Datiwan ' Amaranthaceae Th 

Ageratum conyzoides Linn . ' !Iamay' Asteraceae Ch 

Alocasia sp. 'Ban pindalu' Araceae Cr 

__.l Anaphalis contorta Hook. f. 'Booki phool ' Asteraceae Th 

Arisaema intermedium Blume. ' Laruwa ' Araceae Cr 

Bidens pilosa Linn . ' Kuro ' Asteraceae Th 

Brachiaria eruciformis Griseb 'Bonso ghans' Poaceae Cr 

Centella asiatica (Li nn) Urb. Apiaceae He 

Colocasia sp. 'Ban pindalu' Araceae Cr 

' Commelina paludosa Blume ' Kanay ' Commelinaceae Ch 

Cyanotis vaga Schultes & Schu ltes f Commelinaceae Ch 

Cynodon dactylon Linn. Poaceae He 

Cyperus rotundus Miq. Cyperaceae He 



XIII 

Cyperus sp. Cyperaceae He 

Diplazium umbrosum Willd . 'Ningro ' Athyriaceae He 

Drymaria cordata Willd. ' Abij alo ' Caryophyllaceae Ch 

Dryopteris sp. ' Unyo' Dryopteridaceae He 

Elatostema platyphyllum Wedd. ' Chi play ' Urticaceae The 

Eupatorium cannabinum Linn. ' Ban mara ' Asteraceae The 

Fragaria nubicola Lindley ex Lacaita Rosaceae He 

Galium sp. Rubiaceae Th 

Gnaphalium hypoleucum DC. Asteraceae Th 

Gynura nepalensis DC. Asteraceae Th 

Hedychium ellipticum Smith . ' Jhankri phool ' Zingiberaceae Cr 

-- Hemiphragma heterophyllum Wall. Scroph ulariaceae Th 

Hydrocotyle javanica Thunb. ' Golpata ' Apiaceae He 

Impatiens stenantha Hook. f. Balsam inaceae Th 

Lecanthus peduncularis (Royle) Wedd. ' Chipley ' Urticaceae Th 

Lindenbergia sp. Scroph u lariaceae Cr 

Lycopodium sp. 'Nagbeli' Lycopodiaceae He 

Mazus surculosus D. Don Scroph u lariaceae Th 

Nasturtium officinale R. Br. ' Sim rayo ' Brassicaceae Th 

Oenanthe thomsoni Clarke Apiaceae Ch 

Osbeckia stellata Buch. Ham ex. D. Don ' Chulesee ' Melastomataceae Ph 

Oxalis corniculata Linn. ' Amilo ' Oxalidaceae Ch 

Persicaria capitata Gross. ' Ratnaulo ' Polygonaceae Th 

Pilea scripta Wedd . ' Chipley' Urt icaceae Th 

Pilea umbrosa Wedd. ' Chipley' Urticaceae Th 

Plantago erosa Wall. Plantaginaceae Cr 

Plantago major Linn . Plantaginaceae Cr 

Polygonum sp. Polygonaceae Cr 

Polygonum plebejum Br. Polygonaceae Cr 

Potentilla p eduncularis D. Don Rosaceae Cr 
' 

Rumex nepalensis Spreng ' Halhalay ' Pol ygonaceae Th 

Selaginella sp. Th 

Tupistra nutans Wall. 'Nakima' Liliaceae Ch 

Urtica dioica Linn. ' Sisnoo ' Urticaceae The 
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Viola canescens Wall. V iolaceae Th 

Shrubs 

Brassaiopsis mitis C.B . Clarke ' Chuletro ' Araliaceae Ph 

Dichroafebrifuga Lour. Hydrangiaceae Ph 

Hydrangea aspera D. Don Hydrangiaceae Ph 

Maesa rugosa Clarke ' Bilaune' Myrsinaceae Ph 

Mussaendajrondosa Wall . ' Dhobi ' Rubiaceae Ph 

Sambucus adnata Wallich ex. DC. Sambucaceae Ph 

Trees 

Acer campbellii Hook. f . & Th. ' Kapasey' Aceraceae Ph 

~~ 
Acer oblongum Wall. ' Kapasey ' Aceraceae Ph 

Aporosa dioica Muell. Arg. ' Barkaun le ' Euphorbiaceae Ph 

Alnus nepalensis D. Don ' Uttis· Betu laceae Ph 

Andromeda elliptica Sieb. & Zucc. ' Angeri ' Ericaceae Ph 

Artocarpus lakoocha Roxb. ' Badar ' Moraceae Ph 

Beilschmiedia sikkimensis King. ' Thulo tarsing ' Lauraceae Ph 

Castanopsis hystrix A. DC. ' Katus' Fagaceae Ph 

Castanopsis tribuloides A. DC. ' Moosrey katus ' Fagaceae Ph 

Cedrela toona Roxb. ' Tunee · Meliaceae Ph 

Cinnamomum obtusifolium Nees. 'S inkua li ' Lauraceae Ph 
/ 

Cl)ptomeriajaponica (L. f.) D. Don 'Dhupee ' Taxodiaceae Ph 

Edgeworthia gardneri Meissn 'Argyale ' Thyme liaceae Ph 

Engelhardtia spicata Bl . ' Mahuwa' Malpighiaceae Ph 

~- Eurya acuminata Royle ' Jhin gu ni ' Theaceae Ph 

Evodia jraxinifolia Hk. f 'Khanakpa ' Rutaceae Ph 

Ficus nemoralis Wall. 'Nebhara ' Moraceae Ph 

Juglans regia Linn . 'Okhar' J uglandaceae Ph 

Macaranga pustulata King. ' Malara ' Euphorbiaceae Ph 

Machilus edulis King. 'Phunsey ' Lauraceae Ph 

Machilus odoratissima Kosterm . 'Kawlo ' Lauraceae Ph 

Machilus sp. 'Bha isay kawlo ' Lauraceae Ph 

Magnolia campbellii Hk. f. & Th. Gogay champ' Magno liaceae Ph 

Michelia champaca Linn. 'Ran i champ ' Magnoliaceae Ph 
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Michelia lanuginosa Wall. 'Phusrey champ ' Magnoliaceae Ph 

Morus laevigata Wall. ' Kimboo' Moraceae Ph 

Prunus cerasoides D. Don ' Painyu' Rosaceae Ph 

Quercus lamellosa Smith. ' Bajrat' Fagaceae Ph 

Rhododendron arboreum Sm. ' Lali gurans' Eri caceae Ph 

Rhus succedanea Linn. ' Bakhimlo ' Anacardiaceae Ph 

Schima wallichii Chois ' Chil auney' Theaceae Ph 

Spondias axillaris Roxb. ' Lapsi' Anacardiaceae Ph 

Symingtonia populnea R. Br. ' Pipli. Hamamel idaceae Ph 

Symplocos theifolia Don. ' Kh arane ' Symplocaceae Ph 

Trevesia palmata Vis . ' Chulerro' Araliaceae Ph 

Viburnum cordifolium Wall. ' Asa re' Sambucaceae Ph 

Zanthoxylum acanthopodium DC. ' Tim boor' Ruraceae Ph 

Under shrubs 

Aconogonum molle (D. Don) Hara 'Thotney' Polygonaceae Ph 

Agapetes serpens (Wight) Sleumer ' Sandre Vacc iniaceae Ph 

khorsaney' 

Cynoglossum glochidiatum Wall. Boraginaceae Th 

Daphne involucrata Wall. ' Syano argyali' Thymeliaceae Ph 

Girardinia dicursifolia (Link) Fris. ' Bhangre sisnoo' Ut1icaceae Ph 

Gleichenia volubilis Jungh. ' Bha lu unyo' Gleicheniaceae Ph 

Laportea axillaris Wight. ' Bhangre sisnoo ' U11icaceae Th 

Melastoma normale D. Don ' Sindure ' Melasromataceae Ph 

Rubus ellipticus Sm. ' Aise lo· Rubi aceae Ph 
,_1_ Rubus paniculatus Sm. ' Ai se lo ' Rubiaceae Ph 

Vaccinium nummularia C.B. Clarke Ericaceae Ph 

*(Ph = phanerophyte, Th = therophyte, Ch chaemephyte, He = hemicryptophyte, Cr = 
cryptophyte) 
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Appendix 2 

List of plants encountered by life forms in the Khecheopalri Peatland 

Habit/Species Vernacular Family *Life-

name forms 

Climbers 

Smilax aspera Linn. ' Kukurdaney' Smilacaceae Ph 

Smilax rigida Wallich ex Kunth Smilacaceae Ph 

Epiphytes 

Bulbophyllum sp. Orchi daceae Ph 

Rhaphidophora glauca Schott ' Kanchirna' Araceae Ph 
~ 

Herbs 

Aeschynanthus sikkimensis Stapf. Gesneriaceae Ph 

Ageratum conyzoides Linn . ' !Iamay' Asteraceae Th 

Amaranthus sp. ' Saag ' Amaranthaceae Th 

Anaphalis contorta Hook.f. ' Bukiphoo l' Asteraceae Th 

Arisaema intermedium Blume ' Laruwa' Araceae Cr 

Arisaema costatum Martius ex. Schott. ' Bariko' Araceae Cr 

Bidens pilosa Linn. ' Kuro ' Asteraceae Th 

Commelina pajudosa Blume ' Kanay ' Commelinaceae Ch 

Corydalis juncea Wallich Papaveraceae Th 

Cyanotis vaga Schuttes & Schuttes Co mmelinaceae Ch 

Cynoglossum glochidiatum Wall . Borag inaceae Th 

Cyperus rotundus Miq. Cyperaceae He 

_ _l Drymaria cordata Willd. 'Abijalo' Caryophyllaceae Ch 

Elatostema platyphyllum Wedd . 'Chiplay ' Urt icaceae Ch 

Eupatorium cannabinum Linn . ' Banmara' Asteraceae Th 

Eurya acuminata Royle ' Jhinguni ' Theaceae Ph 

Fimbristylis sp. Cyperaceae Th 

Fragaria nubicola Lacaita Rosaceae - He 
' 

Gnaphalium hyp oleucwn DC. Asteraceae Th 

Gynura nepalensis DC. Asteraceae Th 

Hedychium ellipticum Smith ' Jhankriphool' Z in giberaceae Cr 

Hemiphragma heterophyllum Wall. Scrophulariaceae Ch 
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Hydrocotyle javanica Thunb. ' Golpata ' Apiaceae He 

Hypericumjaponicum Thunb. Hypericaceae Th 

Impatiens stenantha Hook. f. Balsaminaceae Th 

]uncus sp. Juncaceae Th 

Lindenbergia sp. Scrophulariaceae Ph 

Lonicera glabrata Wall. Caprifo l iaceae Ph 

Lycopodium cernuum 'Nagbe li ' Lycopodiaceae He 

Mazus surculotus D. Don ' Kukur phool ' Scroph ulariaceae Th 

Nasturtium officinale R. Br. 'S imrayo' Brassicaceae Th 

Oenanthe thomsoni Clarke Apiaceae Ch 

Pilea scripta Wedd. 'Chipl ey' Urt icaceae Th 

Plantago erosa Wall. Plantagi naceae Th 
~ Persicaria capitata Gross ' Ratnaul o ' Polygonaceae Th 

Polygonum sp. Polygonaceae Th 

Potentilla peduncularis D. Don Rosaceae Th 

Rumex nepalensis Spreng ' Ha lha lay' Po lygonaceae Th 

Saccharum sp. Poaceae Th 

Stellaria sp . Caryophy ll aceae Ch 

Tupistra nutans Wall. 'Nak im a' Liliaceae Ch 

Viola canescens Wall. Violaceae Th 

Hydrophytes 

Aponogeton monostachyon Linn. Naiadaceae Cr 

Mo_nochoria vagina/is C. Pres!. Pontedc:riaceae Th 

Schirpus sp . Cyperaceae Th 

Ceratophyllum sp. Ceratophyllaceae 

__1 _ Semi-hydrophytes 

Alocasia sp. ' Ban Pi nd alu ' Araceae Cr 

Brachiaria eruciformis Griseb. ' Bonso ghans' PoaceJe He 

Sphagnum nepalense H. Suzuki. Sphagnaceae Ch 

Sphagnum palustre Linn . Sphagnaceae Ch 

Oxalis corniculata Linn . ' Amilo' Oxalidaceae Ch -, 
Acarus calamus Linn . ' Bojho' Araceae Cr 

Shrubs 

Arundo donax Benth. 'Narkat' Poaceae Ph 

Berberis wallichiana DC. 'Chutro · Berbc:ridaceae Ph 
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Hydrangea aspera D. Don 

Mussaenda frondosa Wall. 

Rhododendron lindleyi T. Moore 

Sambucus adnata Walich ex DC. 

Viburnum cordifolium Wall. 

Trees 

Alnus nepalensis D. Don 

Andromeda elliptica Sieb & Zucc. 

Artocarpus /akoocha Roxb. 

Beilschmiedia sikkimensis King. 

Castanopsis tribuloides A. DC. 

Ficus benjamina Linn. 

Lyonia ova/ifolia (Wallich) Drude 

Machilus edulis King. 

Magnolia campbellii Hook. f & Th. 

Symingtonia populnea R. Br. 

Under shrubs 

Aconogonum molle (D. Don) Hara 

Agapetes serpens Sleumer 

Diplazium um~rosum Willd. 

Dryopteris sp. 

Equisetum sp. 

Gaultheria sp. 

Melastoma normale D. Don 

Osbeckia stellata D. Don. 

Rubus ellipticus Wall. 

Rubus paniculatus Roxb. 

Solanum ferox Linn. 

Vaccinium nummularia C.B. Clarke 

Vaccinium vacciniaceum Sleumer 

'Dhabi' 

'Gurans' 

'Asare' 

'Uttis' 

. 'Angeri' 

'Badar 

'Thulotarshing' 

'Musray btns' 

'Kabra' 

'Phunsey' 

'Gogey champ' 

'Pipli' 

'Thotney' 

'Sandre 

Khorsaney' 

'Ningro' 

'Unyo' 

'Kurkuray' 

'Sindoore' 

'Chulesee' 

'Aiselo' 

'Aiselo' 

Hydrangeaceae 

Rubiaceae 

Ericaceae 

Sambucaceae 

Sambucaceae 

Betulaceae 

Ericaceae . 

Moraceae 

Lauraceae 

Moraceae 

Ericaceae 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Ph 

Lauraceae Ph 

Mag1ioliaceae Ph 

Hamamelidaceae Ph 

Polygonaceae 

Yacciniceae 

Ph 

Ph 

Athyriaceae He 

Dryopteridaceae He 

Equisetaceae Th 

Ericaceae Ph 

Melastomataceae Ph 

Melastomataceae Ph 

Rubiaceae Ph 

Rubiaceae 

Solanaceae 

Erica'ceae 

Ericaceae 

Ph 

Ph 

Ph 

Ph 

XVIII 

*(Ph = phanerophyte, Th = therophyte, Ch 

cryptophyte) 

chamaephyte, He = hemicryptophyte, Cr 
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Appendix] 

Lists of aquatic biodiversity identified from the Khecheopalri lake and 

bog 

A: Systematic list of the phytoplankton 

DIVISION: CHLOROPHYTA 

Class : Chlorophyceae 

Order : Volvocales 

Family: Chlarnydomonadaceae 

Genus : Chlamydomonas 
Cells oval, with cup shaped chloroplast and one or more 
pyrenoids. 

Order : Chlorococcales 

Family : Chlorococcaceae 

Genus : Characium 
Cells attached by a slender stripe to other algae or micro fauna. 

:Chiarella 
Cells oval, often solitary but usally gregarious, forming a 
mucilagenous expanse on moist, sub aerial substrates. 

: Chlorococcum 
Colonial mucilage thin sometimes not evident; cells of 
variable size; gregarious, chloroplast covering almost the entire 
wall. 

: Closteridium 
Cells cresent shaped, variously bowed and without apical 
spmes. 

Family: Oocystaceae 

Genus : Ankistrodesmus 
Cells crescent shaped loosely entangled with one another. 

: Kirchneriella 
Cells enclosed in a mucilage, usually in clusters but 



-

sometimes solitary; in some the curvature is so great that the 
tips of the cells nearly touch. 

: Uronema 

XX 

Cells elongate and cylindrical, the apical cell unsymmetrically 
pointed. 

Order: Oedogonales 

Family: Oedogoniaceae 

Genus : Bulbochaete 
Branching unilateral, cells with bulbous based setae 

: Oedogonium 
Filaments of cells not cylindrical, plants with holdfast and basal 
- distal differentiation; when mature showing enlarged oogonia 
cells and small box like cells with spermatozoides. 

Order: Cladophorales 

Family: Cladophoraceae 

Genus : Pithophora 
Akinetes barrel shaped or oval and solitary. 

Order: Zygnematales 

Family: Zygnemataceae 

Genus : Mougeotia 
Cells long cylindric, occurring in long filaments, chloroplast 
axial, band like' containing a row of conspicous pyrenoides. 

Spirogyra 
Spiraled shaped chloroplast with cylindrical cells. 

Family : Mesolaeniaceae 

Genus: Cylindrocystis 
Cells cylindrical, some species slightly constricted in the 
mid region, chloroplast two which are axial stellate. ----..... , 

: Cosmerium 
: granalutum.Brebisson. 
Apices ofthe cells not incised, cells variously embellished 
at most with minute barbs. 



: Euastrum 
: didelta Turpin. 
Apices of the cells clearly once incised. 

: Phymatodocis 
Cells are little longer than wide, rectangular with a shallow 
median incission; margin of the cells parallel. 

: Penium 
Cells short cylindric, chloropast 1 each semicell, no terminal 
vacoules with moving granules. 

DIVISION: CYANOPHYTA 

Class: Chrysophyta 

Order: Chroococcales 

Family: Chroococcaceae 

Genus : Synechococcus 
aeuroginosus Nag. 
Cells are solitary, oval and cells are conspicuous in the 

microscopic mount because of their bright color. 

: Aphanothece 
Cells irregularly scattered through out a shapeless 
mucilage, or some what globolar mucilage which often 
attains microsporic size, colonial mucilage film. 

: Microcystis 
aeruginosa Kutz. 

XXI 

Cells numerous and crowded within colonial mucilage and are 
highly irregular. 

: Gloeocapsa 
Groups of many cells enclosed in concentric layers of 
mucilage; colonial investment intermingling with the 
sheaths of other groups and so forming gelatinous masses 
mostly on moist and subaerial substrates; sheaths showing 
definite rings. -, 

Order: Oscillatoriales 

Family: Oscillatoriaceae 



Genus: Phormidium 
Plant mass without erect tufts, slimy and adhere together. 

: Oscillatoria 
Trichomes longer with apical cell swollen. 

: Spirulina 
Trichomes unicellular with no cross walls. 

Lyngbya 
Trichome with a closed sheath, cells recta.11.gular or 
cylindrical and wider than long. 

Order: Nostocales 

Family: Nostacaceae 

Genu s: Anabaena 
Trichomes with a bead like or barrel shaped cells with 
heterocysts present. 

: Nostoc 
: commune V auch. 

XXII 

The colonies retain a definite shape, mostly globular, sometimes 
. form a rubbery expansions. 

: Aphanizomenon 
Trichomes parallel, forming a free floating flake like bundles, 
trichome sometimes tapering slightly at the extremities. 

DIVISION : CHR YSOPHYT A 

Class : Chrysophyta 

Order : Centrales 

Family: Coscinodiscaceae 

Genus : Melosira 
Frustules with intercalary bands; cells arranged in fila'inents 
of c~, lindrical cells;· the walls often coarsly punctate and in 
some species the poles with spines or teeth. 

: Coscinodiscus 
Valves evenly ornamented by rows of margins from a 
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XXIII 
central region where they are irregularly disposed; with an 
intramarginal circle of fine teeth. 

Family : Biddulphiaceae 

Genus : Hydrosera 
Frustules triangular in valve view, raphe and pseudo raphe 
lacking. 

: Terpsinoe 
Frustules bilaterally undulate in valve view, triangular, the 
septa showing an inward projecting processes extending to the 
intercalary bands. 

Order: Pennales 

Family : Naviculaceae 

Genus : Navicula 
Transverse ornamentation compound of costae, the axial field 
usually broad. 

: Pinnularia 
Transverse ornamentation compound of puncta, the axial field 
narrow and linear, the raphe straight. 

Family : Nitzschiaceae 

Genus : Hantzschia 
amphioxys (Ehr) Grun. 
Frustules are bean shaped in valve v1ew with transverse 
striae across the valve. ' 

Family: Achnanthaceae 

Genus : Cocconeis 
Fristules broadly oval, incompletely septate, valve appeared 
against substrate. 

Rhoicosphenia 
curvata Kutz. 
Girdle view bent, wedge shaped with poles usally truncate. 

Family : Fragilariaceae 

: Asterionella 
Frustules in girdle view elongate rectangular, forming 



circular colony in which cells radiate from a common 
centre like a wheel, the frustules slightly enlarged at the 
poles. 

: Synedra 
Frustules elongate and straight, needle shaped in both 
views, singly or in clumps attached to filamentous algae. 

: Fragilaria 
Frustules quadrate or rectangular attached side by side to 
form ribbons. 

: Tetracyclus 
Frustwles quadrate or rectangular attached side by side to 
form ribbons. 

Family: Gomphonemaceae 

Genus : Gomphonema 
: berggrenii cleve. 

Striae composed of puncta in a single series attached 
or branched stalks. 

Family-Cymbellaceae 

Genus : Cymbella 
similes Krasske. 
Crescent shaped cells, gracefully curved, which are 
slightly timid along the concave margin in the mid 
regiOn. 

DIVISION : CHAROPHYT A 

Class: Charophyceae 

Order: Charales 

Family: Characeae 

Genus : Nitella 
Plants delicate, usually not growing erect with forked 
branchlets. 

XXIV 



DIVISION: EUGLINOPHYTA 

Class: Euglinophyceae 

Order: Colaciales 

Family : Colaciaceae 

Genus : Colacium 
Cells ovate to oblong with numerous chloroplasts, stalks 
relatively stout, branched, with a cell at the apex of each 
branch. 

DIVISION: PYRRHOPHYT A 

Class: Dinophyceae 

Order: Dinikontae 

Family: Peridiniaceae 

Genus : Peridinium 
: inconspicuum Limmermann. 

Wall with two antapical plates; cells slightly flattened 
dorsoventrally; posterior poles extended into a hom. 

DIVISION: CRYPTOPHYTA 

Class: Cryptophyceae 

Order: Cryptomonadales 

Family: Cryptomonadaceae 

Genus : Cryptomonas 
Cells pyriform, with a median depression apically; wall 
not bivalved; two apical flagella arising from a gullet; two 
yellowish chloroplast. ----... 

XXV 



B: Systematic list of the zooplankton 

PHYLUM : PROTOZOA 

Class : Lobosa 

Order: Testacealobosa 

Family: Centropyxidae 

Genus : Centropyxix 
aculeate (Ehrenberg)Stein 
Membrane brown and incrusted with sand grains and 

diatoms. Spines two or more than two present. 

Centropyxis 
constricta (Ehrenberg)Stein. 
Elliptic apperature at the border of the cell, ecentric 
or ciliar. 

Family: Arcellidae 

Genus : Zonomyxa 
Body pyriform during locomotion in active motion. 

: Arcella 
Dome shaped mostly elflated, aperture not exactly 
circular. 

Family: Diffulgiidae 

Genus : Dijjlugia 

Class : Ciliophora 

Aperture without diaphragm. Shell varying from 
globular to elongated pyriform or acuminate. 

Order: Holotrichida 

Family: Didiniidae 

Genus: Didinium 
Cell rounded no body cillia besides those of wreaths. 

XXVI 



PHYLUM : ROTIFERA 

Class: Monogononta 

Order: Ploima 

Family: Brachionidae 

Genus.: Keratella 

Order: Ploima 

Dorsal plate with polygonal facets, sometimes obscure. 

Notholoca 
Dorsal plate smooth with pustules or with longitudinal 
straiations. 

Family: Trichocercidae 

Genus : Elosa 
Body with three large lobes and an inconspicuous 
ventral lobe, trophi virgate 

Family: Asplanchnidae 

Genus : Asplanchna 
Large body cavity, laying well away from the 
epidermis, trophi incudate 

Family: Trichocercidae 

Genus : Trichocerca 
_Body twisted in segments, assymetric apd toes 
unequal. Trophi virgate. 

Order: Bdelloidea 

Family: Philodinavidae 

Genus: Philodina 
Spurs short, or if elongated, not flat and wide. Foot -, 
some what less than half the total length. 

: Adineta 
Spindle shaped, head wider than neck 

XXVII 
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PHYLUM: ARTHROPODA 

Class: Crustacea 

Order: Ostracoda 

Family: Cypridae 

Genus: Cypridopsis 
Natatory setae extend beyond tips ofterminal claws by 
about half the length of the setae. 

Order: Copepoda 

Family: Cyciopidae 

Genus : Cyclops 
Distal segments of leg five armed with an apical seta and 
usually a short or moderately longer inner lateral or sub 
apical spine. 

Genus : Mesocycfops 
Distal segments of leg five armed with an apical seta and 
and a long terminal or sub terminal inner spine or seta. 
last two segments of first antenna usually with a hyaline 
membrane. 

Order: Cladocera 

Family: Daphnidae 

Genus : Daphnia 

XXVIII 

Cervical sinus absent. valves with posterior spine usauaily with 
crest anterior surface of head. 

Family: Sididae 

Genus: Sida 
Dorsal ramus of the antenna 3-jointed, rostrum present. 
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PHYLUM: MALACOSTRACA 

Class: Amphipoda 

Order: Isopoda 

Family: Gammaridae 

Genus : Gammurus 
Coxal gills without cylindrical appendages. Inner ramae 
of third uropod more than half as long as outer. 

C: Systematic list of insects 

PHYLUM: Arthropoda 

Class: Insecta 

Order: Phasmida 

Family: Phylliidae 

Genus : Phyllium 
Flat leaf-like body, with lamellate expansion of the legs. 

Order: Phasmida 

Family: Phasmatidae 

Genus : Carausius 

XXIX 

Posses elongate and cylindrical body and are often opterous. 
They resemble twigs in colour and apperance. 

Order: Hemiptera 

Family: Gerridae 

Genus : Gerris 
gracilllocomis Horvath --...... , 
Surface bug which has hind 1-:-gs much longer than the other legs 
and skate on the pond surface through out the hours of sunshine. 



XXX 
Order: Coleoptera 

Family: Dytiscidae 

Genus : Cybister 
Large black beetle, striped brown at the sides, and found 
commonly in fish water throughout India. 

Genus : Hydatiscus sp. 
Protonum with a broad black median stripae. 

D: Systematic list of fishes 

PHYLUM: CHORDATA 

Class: Pisces 

Order: Cypriniformes 

Family: Balitonidae 

Genus : Schistura 
: multifaciatus Day. 
Body with 15 bars across extending upto ventral surface but not 
in abdomen. Scales minute and absent in abdomen. Reticulations 
present on the dorsal part in front of dorsal fin. A black spot at 
the base of anterior "dorsal rays. Rays of fins with black streaks. 
Nasal barbles present, caudal fin truncate. 

Family: Cyprinidae 

Genus : Danio 
: aequipinnatus McClelland. 

Body elongate, compressed, snout abtuse, mouth anterior, cleft 
of mouth shallow not protractile, directed obliquely upwards, 
lips thin and simple. Caudal fin forked. Lateral line concave 
incomplete. Body coloured with longotudinal bands. 

Cyprinus 
carpio 
Body elongate, compressed, cycloid scales, slivery black mostly 
but few golden in color. Lateral line complete. Pectoral and 
pelvic fins slightly darker in colour 
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XXXI 
Garra 
gotyla stenorynchus Jerdon 
Body and head dark greyish and silvery beneath. Presence of 
dark blue scale behind operculum. A few brick red and yellow 
scales present on the body behind operculum. Lateral line 
simple and complete. Head moderate in size and slightly 
depressed. 

: Schizothorax 
: richardsonii Gray 

Yellowish with silvery color on the dorsal profile slightly convex 
than ventral . Head large with inferior mouth. Two pairs of 
barbles each of maxillary and rostral. Lateral line complete 
and simple. Scales minute and skin smooth. Pectoral , ventral 
and anal fins pale pink with reddish edges. Caudal greyish with 
dark fin rays. 

: Acrossochellus 
hexagonoiepsis McClelland 
Body elongated, both profiles gently arched with several rows 
ofhorny tubercles on the sides extending upto below eyes. 
Head length less than body length. Mouth moderate, upper lip 
separate from the lower by a groove. Lower labial fold 
interupted. 

Lab eo 
: pangusia Hamilton 

Dark grey body, about one forth of the body from ventral side 
silvery, dorsal and caudal fins grey, ventral and anal are pale 
yellow. Elongated body with rounded abdomen. Dorsal profile 
more convex than ventral. Mouth inferior with their fold of 
lips continues in both jaws forming horseshoe shaped labial 
fold. 

E: Systematic list of amphibians 

PHYLUM: Chordata 

Class: Amphibia 

Order: Anura 
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Family: Bufonidae 

Genus : Bufo 
: himalayana 

Teeth absent, skin rough with numerous warts. Male usally have 
Bedder' s organ. 

Family: Hylidae 

Genus: Hyla 
Presence of adhesive disc on toes to climb trees. Teeth present 
on both jaws. 

F: Systematic list of migratory birds 

PHYLUM: Chordata 

Class: Aves 

Order: Anseriformes 

Family: Anatidae 

Genus : Anser 
: indicus Lanthum 
A conspicous white stripe on the head , face, throat and chin. A 
black bar across sinciput from eye to eye, bill and legs yellow. 

:Anas 
: crecca Linnaeus 
Head chestnut with a broad metallic green band running 
Backward from eye to neck. A speculum (metallic green) 
backside of white wing patch. 

: Aythya 
: baeri 

Width of the culmen becoming broader towards tip. 

: Todorina 
: ferruginea Pallas -----... , 

Orange brown duck , head and neck pale. A prominent metallic 
green speculum on wing and white patch in front. 

: Aythya 
: f erina Linnaeus 



XXXIII 
The head, chestnut red, with black breast, belly light grey 
finely vermiculated with black , dull grey speculum on wing. 
In female the head, neck and the breast rufous brown. 

: Mergus 
: merganser orienta/is Linnaeus 
In flight general effect is black and white, with grey indistinctly 
creasted head and neck. Thin blood red bill and legs. 

Order: Pelecaniformes 

Family: Phalacrocoracidae 

Genus: Phalacrocoxas 
: fuscicollis 

Glistening black water bird with white tuft of feathers on each 
Side of neck behind ear covers. Head with few white streaks. 
Bill dark brown and legs and feet black. 
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Photoplates 



• 
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Plate 1 

Bird's eye view of "Sacred Kbecheopalri lake" with 
surrounding landscape 

Cbojo, a dead lake below Khecheopalri lake 



• 

• 
Fuelwood extraction from the 

Khecheopalri lake 
watershed forest 

Fodder and fuelwood collection 
from the Khecheopalri lake 

watershed forest 

Livestock grazing in the 
Khecheopalri peatland 

Plate 2 

Timber collected from the watershed 
forest used for house construction at 

the Khecheopalri village 

Local artisan, wooden vessel being 
carved out 

Piper sp. seeds collected for 
medicinal use from the 

watershed forest 



"Bhumchu festival" fete during 
March 1998 in Khecheopalri 

Local pilgrims performing rituals 

at the lake 

"Monks" performing rituals during 
"Bhumchu festival" to appease the 
lake goddess for maintaining peace 

and harmony in the village 

Plate 3 

Participatory Rural Appraisal 
excercise at the Khecheopalri village 

Clean-up campaign in the lake 
surroundings by involving 

local community 

Afforestation program by involving 
local community in the 

lake watershed 



Plate 4 

Rich biodiversity in the lake watershed forest 

Delineated plot for overland flow estimation in the agricultural field 
of the Khecheopalri watershed 

Stem flow experiment in the cardamom agroforestry system in 
Khecheopalri watershed 



Major portion of the peatland 
around the lake periphery 

dominated by Sphagnum spp. 

Tree species are rapidly 
encroaching the bog 

Plate 5 

Horizontal encroachment by the 
bog vegetation 

Acorus calamus, dominating the 
disturbed site of the lake 



T 

Nitella sp.(Phytoplankton) 

Trans Himalayan migratory birds 
halting at the Khecheopalri lake 

during winter 

PI te6 

Spirogyra sp.(Phytoplankton) 
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Abstract 

The hydrology and nutrient dynamics of a sacred lake in the western part of the Sikkim Himalaya were studied. 
The lake watershed has broad-leaved mixed forest and agriculture land, two perennial and five seasonal inlets, and 
one major outlet. Annual inflow was 1103 x 106 1 while outflow was 4279 x 106 1. About 70% of its water was from 
subsurface flow and seepage. More than 50% of the discharge was recorded in August (peak rainy season month J 

and the least in March (lean month). Sediment flow to the lake was 346 Mg y-1 and outflow 316 Mg y-1. The 
remaining 30 Mg was deposited in the lake. High sediment runoff in the rainy season turned the lake turbid and 
caused expansion of the bog. The nutrient (dissoived oxygen, carbon dioxide, total-N, ammonium-N, phosphate-P 
and chloride) levels of the lake, inlets and outlet varied between seasons and sites. Plankton productivity ranged 
from 16 mg C m-2 d- 1 in winter to 247 mg C m-2 d- 1 in the rainy season. Its respiratory loss was 12 mg C m-~ 
d- 1 in winter and 160 mg C m-2 d-.I in the rainy season. Religious activities, agriculture, cattle grazing and 
forestry in the watershed should be controlled for maintaining the longevity of the lake. 

Introduction 

Human population growth and associated land 
use/cover change have led to increased wastewater dis
charges to aquatic environments. Enhanced inputs of 
soil nutrients and other contaminants have hastened 
the eutrophication process in many lakes and ecolo
gical changes that naturally occur over thousands of 
years are now expressed in decades. Himalayan lakes 
have a prominent place in mythology and religion. A 
h!rge number of natural freshwater lakes exist in the 
Himalayan region which are of great scientific and 
socioeconomic value (Zutshi, 1985). The increasing 
anthropogenic pressure in recent years, in and around 
aquatic ecosystems including their watersheds have 
contributed to the mineral enrichment of these sys
tems, leading to accelerated eutrophication (Ishaq & 
Kaul, 1988). Studies on such lakes have been done by 
various workers (Zutshi et aL 1972; Zutshi & Khan, 
1977; Kaul, 1977; Pant et al., 1985; Trisal, 1987; 

* (author for correspondence) 

Khulbe, 1992; Joshi & Sundriyal, 1995; Gopal & Zur
shi. 1998). But the lakes of the Sikkim Himalaya haYe 
not been well documented except for a preliminary 
report by Roy & Thapa (1998). A quantification of 
the influence of the surrounding watershed on lake nu
trient dynamics are lqcking for the Himalayan region. 
The present study was designed to understand the hy
drology and nutrient dynamics of a lake in Sikkim and 
the inputs from the watershed. This study involves 
hydrological processes, sediment runoff to the lake 
and the impact thereof on water quality and plankton 
productivity. 

Study area 

The famous 'Wish fulfilling Lake' Khecheopalri is 
considered by the Sikkimese people as most sacred. 
Many folklores and legends are associated with its 
formation and shape. The lake water is used for rites 
and rituals only. Fishing and boating are strictly pro~ 
hibited. It is situated in the midst of a pristine forest 
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Photo 1. Khecheopalri lake in the Sikkim Himalaya showing boggy area. surrounding watershed and sampling sites. 

Table J. Morphometry of the Khecheopalri lake 

Latitude (N) 

Longitude (E) 

Lake elevation (m) 

Lake watershed elevation range (m) 

Open water area of the lake ( m1 ) 

Maximum depth (m) 

Minimum depth (m) 

Mean depth (m) 

Water volume (m3) 

Boggy area (m2) 

Total boggy and lake water area cm2) 

Lake watershed area (km2) 

27° 22' 24" 

88° 12' 30" 

1700 

1700-2375 

37900 
11.2 

3.2 

7.2 

272880 

70100 

108000 
12 

(Photo 1) at an altitude of 1700 m as! (27° 22' 24" N 
and 88° 12' 30" E) in the western part of Sikkim state, 
India. The lake represents the original 'neve' region 
of an ancient hanging glacier, the depression being 
formed by the scooping action of the glacier (Raina, 
1966). The lake watershed (12 km2), in addition to 
a broad-leaved mixed forest, has some agriculture 
land with two villages. The influx of tourists is high 
with visible impacts of disturbance on the lake and 
its watershed. Morphometric data are summarized in 
Table 1. There are two perennial and five seasonal 
inlets and one major outlet (Figure 1 ). The lake is 
a resting-place for Trans-Himalayan migratory birds 
and supports commercial and recreational tourism. 

Geologically, the rocks belong to Darjeeling 
group, which mainly comprises high-grade gneisses 
containing quartz and feldspar with streaks of biotite 
(GSI, 1984). The soil of the watershed is sandy loam. 
Climate is monsoonic and divisible into three sea
sons, viz., rainy (June-October), winter (November
March) and summer (April-May). The annual rainfall 
is 3838 mm and temperature ranges from 4 octo 24 oc 
within the annual cycle. 

Six sites were selected for measurements. Of these. 
four were located along the periphery of the lake 
representing disturbed and relatively less disturbed 
conditions and one each at the inlet and outlet posi
tions. Slope aspects, bog condition, floral and faunal 
composition and types of disturbance are given in 
Table 2. 

Methods 

Discharge was measured at the inlets and outlet with 
the help of wooden rectangular weirs installed at the 
sites. The height of the water was measured twice each 
day and the values pooled on a monthly basis. Meas
urements on the seasonal inlets were confined to the 
rainy season. Sediment concentration was estimated 
bimonthly by filtering samples through Whatman filter 
paper 42. Sediment weight was measured on air-dry 
basis. 
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Figure I. Location map of the Khecheopalri lake and its surrounding watershed. 

Water samples from inlets, outlets and the lake 
were collected bimonthly during 1997 and 1998 for 
chemical analyses. These samples were collected 
between 9 and 11 h from 5-1 0 em depth and were 
transported to the laboratory within 24 h of collection. 
Water temperature and transparency were measured at 
mid-day (between 12 and 13 h) at all the sites. Tem
perature was measured using a mercury thermometer 
and transparency by Secchi disc (21 em diameter). 

Bimonthly data were pooled to seasonal values. 
The pH values and conductivity were determined us
ing a digital pH meter and conductivity meter on 
non-filtered samples within a day of collection. Re
maining samples were filtered and stored in a refri
gerator .. All analyses were completed within seven 
days. Total acidity and alkalinity as CaC03 were 
measured gravimetrically. Dissolved oxygen (DO) 

was estimated by the azide modification method, 
phosphate-phosphorus (P04-P) by stannous chloride 
method and chloride by argentometric method (Eaton 
et al.. 1995). Ammonium-nitrogen (NH4-N) was es
timated by Kje1dahl method following Allen (1989) 
and the total-nitrogen by AOAC method (Cunniff, 
1995). A gas exchange method using light, dark and 
initial bottles was followed for estimation of plank
ton gross photosynthesis and respiration (Gardner & 
Graan, 1917). The free carbon dioxide was measured 
following method given by Eaton eta!. (1995). 

Results and discussion 

Precipitation, runoff and sediment concentration 
Precipitation of the Khecheopalri area was recorded 
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Table 2. Characteristic of sampling sites for hydrological studies in the Khecheopalri lake 

Site Slope Bog Watershed f ores! Aquatic biodiversity Type of disturbance 

Aspect* Peat depth Dominant dominant tree Ducks Fishes Plank tons 

(cml vegetation species* 

]\'\\' 175 Arundo donax. Casumopsis sp., Eastern Cyprimts cmpio. Mougeotia sp., Tourism. pilgrimage 

Sphagnum sp .. Beilschiemedia Goosander. Dania Cosmarium sp., and settlement 

Polygonum sp. sikkimensis. Common Teal. acquipanrus, Spirogyra sp., 

Barheaded Schizorhrax sp. Navicula sp., 

Goose, B aer · s Garro sp. Gammurus sp., 

Pochard 

II w 500 Acarus calamus. Eurya acuminara ---<lo-

Sphagnum sp .. Symplocos sp. 

Braclwria sp. Casranopsis sp. 

Poremilla. 

pedencularis 

III SE 153 Saccharum sp .. Casranopsis ---<io-

Sphagnum sp .. · rribu/oides, 

Macllilus edulis 

IV l\E 207 Rolwdodendron Macl!ilus sp., -<lo-

sp., Sphagnum Symplocos sp. 

sp., Cyperus sp. Casumopsis sp. 

Inlet sw Acarus calamus Machiluis sp., 

Sphagnum sp .. Eurya acuminata 

Bracharia sp. Symplocos sp. 

Casranopsis sp. 

Outlet Acarus calamus 

Rhododendron 

sp .. Aponogeron 

sp. 

*Site background aspect and watershed forest. 

during 1997 and 1998. Mean annual precipitation was 
3899 mm of which 85% was received between June 
and September (Figure 2). 

The annual inflow of water contributed by the two 
perennial and five seasonal streams was estimated at 
1103 x 106 l, while the outflow was -+279 x I 06 l. More 
than SOCk (2775 x 106 I) of the discharge at the out
l~t occurred in August and the lowest (7 .36 x 106 l) 
in March. The excess water outflow compared to the 
inflow was due to subsurface flow, seepage from the 
watershed and precipitation on the lake. which could 
not be measured in this study. 

Khecheopalri lake is gradually silting and the ma
jor contributor is sediment from the surrounding wa
tershed. Sediment buildup in the lake was rapid in 
recent years. Sediment flow into the lake was 346 Mg 
y- 1 and outflow 316 Mg y- 1• The remaining 30 Mg is 
deposited in the lake. This deposition has contributed 

Cyclopoid sp. 

---<lo- ---<lo- Trampling. grazing: 

fodder. fuel-wood. 

timber collection: 

agricultural practices: 

settlements and cow-

sheds 

---<io- ---<lo- Fuel-wood and timber 

collection 

-<lo- -<lo- Fuel-wood and timber 

collection 

Fuel-wood and fodder 
-· collection: trampling, 

grazing 

Settlements and 

tourism actiYity 

to the expansion of the bog. Sediment concentration 
of discharge at the inlets and outlet was highest in the 
rainy season (Figure 2). It was much higher at the. 
inlets compared to the outlet, however outflow was 
far greater contributing to substantial sediment exit. 
Impact of livestock grazing, trampling, deforestation 
and agricultural practices in the watershed area con
tribute to higher sediment concentration in the inlet 
water. High sediment deposition in the rainy season 
turns the lake turbid and causes expansion of the bog 
threatening the longevity of the lake. 

Nutriem dynamics 

The pH of the lake, inlets and outlet was alkaline with 
a highest value of 8.6 at the inlet. It was highest in 
the rainy season and lowest in winter. It showed pos
itive correlation with temperature, acidity, DO and 
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Figure 2. Monthly precipitation. discharge and sediment concentration at the inlets (:::-::: ) and outlet ( •-•) of the Khecheopalri lake in 
Sikkim. 

respiration (Table 3). Higher pH was attributed to the 
presence of carbonates (Purohit & Singh, 1981: Pant 
et al., I 985). In the lake, pH ranged from 6.8 to 8.2. It 
was lowest during winter (Figure 3). 

Water temperature ranged from 8.8 oc in winter 
to 19.6 oc in the rainy season (Figure 3). Variation in 
temperature was significant between sites and seasons.· 
Since their interaction was also significant, LSD value 
difference between means showed that site to site vari
ation in a season was not apparent except for inlet 
water compared with other sites (Figure 3 ). Water tem
perature was positively correlated with gross primary 
productivity (GPP), respiration. acidity, pH. DO and 
conductivity, but negatively with transparency, free 
C02 and alkalinity (Table 3 ). 

The marked seasonal variation of transparency was 
controlled by varying amounts of sediments, algae, 
illumination and suspended organic matter. Average 
transparency for all sites was 104 em. Low transpar
ency was caused by sediment from the watershed. The 
highest turbidity (70 em) was recorded in the rainy 
·season at Site I (Figure 3). Site III showed the highest 
transparency (range 92-131 em). A negative correla
tion between transparency with GPP and respiration 
reflected seasonal effects rather than a functional re
lationship. Sediment concentration in the lake was 
higher in the rainy season, while GPP and respir
ation peaked in this season. Positive correlation of 
transparency with alkalinity can be explained by the 
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Table 3. Pearson's correlation coefficient for physio-chemical characteristics. plankton productivity and respiration of the Khecheopalri lake 
(11 = 12. d.f = 10 for transparency, gross primary productivity and respiration. and for all other parameters 11 = 18. d.f = 16) 

Parameters Trans- Temper- pH Conduct- Acidity Alkal- DO Free Total NH-1-N P0-1-P Chlo- GPP Respir-

parency ature ivity inity C02 nitrogen ride ation 

Transparency - -0.949 -0.631 -0.630 -0.445 0.690 -0.538 0.654 0.508 -0.327 -0.390 0.426 -0.869 -0.708 

Temperature 0.01 0.518 0.634 0.624 -0.511 0.549 -0.639 -0.458 0.381 0.197 -0.257 0.9-!4 0.681 

pH 'o:o5 0.05 0.328 0.490 -0.134 0.494 -0.172 -0.340 0.409 0.120 -0.230 0.396 0.620 

Conductivity 0.05 0.01 NS 0.198 -0.602 -0.008 -0.165 -0.272 0.082 0.347 0.144 0.488 0.598 

Acidity NS 0.01 ·o.o5 NS 0.158 0.833 -0.516 -0.146 0.254 0 -0.558 0.412 0.272 

Alkalinity 0.05 0.05 NS 0.01 NS 0.274 0.001 0.292 0.120 -0.424 -0.286 -0.630 -0.327 

DO NS 0.05 0.05 NS 0.01 NS -0.665 -0.270 0.308 -0.086 -0.728 0.4-15 0.391 

Free C02 0.05 0.01 NS NS 0.05 NS 0.01 0.331 -0.454 0.214 0.403 -0.620 -0.566 

Total nitrogen NS NS NS NS NS NS NS NS -0.074 -0.135 -0.170 -0.622 -0.113 

NH4-N NS NS NS NS NS NS NS NS NS -0.602 -0.279 0.226 0.563 

P04-P NS NS NS NS NS NS NS NS NS 0.01 0.138 0.351 -0.002 

Chloride NS NS NS NS 0.05 NS 0.01 NS · NS NS NS -0.339 -0.245 

GPP 0.01 0.01 NS NS NS 0.05 NS 0.05 0.05 NS NS NS 0.560 

Respiration 0.01 0.05 0.05 0.05 NS NS NS NS NS NS NS NS NS 

NS= Not significant; Lower matrix= Probability values; Upper matrix= Correlation coefficients. 

decrease in alkalinity due to the formation of a CaC03 
precipitate, decreasing transparency. 

Acidity showed a strong positive correlation with 
temperature, pH and DO but was negative with free 
C02 and chloride (Table 3). It was highest (14.2 mg 
l- 1) in the rainy season and lowest (4.2 mg l-1) in 
winter. It showed significant variation between sites 
and seasons, and interaction was also significant. LSD 
value difference showed that mostly the means varied 
significantly in each season (Figure 3). Acidity was 
highest at Site I, due to various offerings made here. 
People burn leaves of Cryptomeria japonica, Juni
pents recurva and Juniperus indica as incense and the 
remains are acidic. Offerings like flowers, leaves and 
fruits on decomposition lead to increased acidity too. 

Alkalinity was lowest in the rainy season at all 
sites, because of higher rates of photosynthesis. Total 
alkalinity varied significantly between sites and sea
sons (Figure 3). 

The highest electrical conductivity (94 J1.S) was re: 
corded at Site II, the lowest (15 JJ,S) at Site III. The 
higher value in the rainy season at Site II was attrib
uted to greater ionic concentration of the inlet flow. 
This variation in conductivity with seasons and sites 
was significant (Figure 3) and positively correlated 
with temperature and respiration, but negatively with 
alkalinity (Table 3). The free C02 values were highest 
in winter when pH was low (Figure 4). 

-
A positive correlation was observed between DO 

and temperature, pH and acidity, a negative one with 
free C02 and chloride. DO at the inlet and outlet 
streams, and in the lake varied significantly between 
sites and seasons (Figure 4 ). It was highest in summer, 
resulting from increased photosynthesis. It was low in 
winter. These results are consistent with a report on a 
central Himalayan lake (Khulbe, 1992). 
N~-N varied significantly between sites and sea

sons, and it showed a negative correlation with only 
P04-P. The most important source of nitrogen is the 
ammonification. of organic matter. The inlet source in 
winter showed high ammonium from the watershed 
forest. Total nitrogen of lake, inlet and outlet waters 
varied significantly among sites and seasons. It ranged 
from 3.7 to 9.6 mg l- 1 showing high values at the 
outlet in all the seasons. Comparison between seasons 
showed that it was lower in the rainy season, attribut
able to a dilution effect. It had an inverse relationship 
with GPP indicating uptake of nitrogen from water 
with increased productivity. 

The chloride concentration was highest in winter, 
decreasing in the rainy season and lowest in summer. 
Less water flowing from and to the lake in winter 
season caused the accumulation of chloride, released 
from debris. High chloride values in winter at sites 
I and II are correlated with animal waste from cattle 
grazing in the bog during this season. Chloride varied 
significantly between sites and seasons (Figure 4). 
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Figure 3. Seasonal variation in pH, temperature, transparency. acidity. alkalinity and conductivity of water at six sites in the Khecheopalri 
lake. AN OVA: pH- Site Fs.36::28, P<O.OOl: Season F:u6=142. P<O.OOI: Site x Season FJ0.36=45, P<O.OOl. LSD(0.05)=0.082: Temper
ature- Site Fs.36=8. P<O.OOI; Season F:u6=38872, P<O.OOI: Site x Season FJ0.36=277, P<0.001, LSD(0.05)=0.07l; Transparency- Site 
F3.2~=278, P<O.OOl: Season F2.24=9653. P<O.OOI: Site x Season F6.2~=156 P<O.OOl. LSD(0.05)=0.759; Acidity- SiteFs.36=37, P<0.001; 
Season F2.36=670. P<0.001; Site x Season FJ0.36=15. P<O.OO!. LSD(0.05)=0.395: Alkalinity- Site Fs.36=29. P<O.OOI; Season Fz.36=812. 
P<O.OOI: Site x Season FJ0.36=36. P<O.OOl. LSD(0.05)=0.498: Conductivity- Site Fs.36=177, P<O.OOI; Season F2.36=7665. P<O.OOJ; Site 
x Season FJ0.36=455. P<O.OOI, LSD(0.05i=0.855. 

The main source of phosphorous in the lake was 
runoff from agriculture land and the forest. Its concen
tration increased considerably during the rainy season 
and varied significantly between sites and seasons 
(Figure 4). 

Plankton productirity and respiration 

GPP of the lake ran2:ed from 16 mg C m-2 d- 1 to 

247 mg C m-2 d- 1• GPP and net primary productiv
ity was greatest in the rainy season (Figure 5). GPP 

showed a strong positive correlation with temperature 
and negative with alkalinity, free C02 and total ni
trogen. GPP in winter was lowest. Step-wise multiple 
regression analysis showed that the logarithm of GPP 
was significantly related to temperature, free C02 and 
total nitrogen [In GPP = 1.588 + 0.213 T- 0.127 C02 
+ 0.041 TN; R2 = 0.956, F= 230, P<0.001]. 

Respiration values of lake water varied between 
16 mg C m-2 d- 1in winter and 160 mg C m-2 d- 1in 
the rainy season. Site I showed a relatively higher 
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Figure 4. Seasonal variation in free C02, DO. NH4-N. total nitrogen. chloride and P04-P of water at six sites in the Khecheopalri lake. 
ANOVA: Free C02- Site Fs.36=7, P<O.OOI: Season F2.36=181, P<O.OOI: Site x Season Fw.36=36, P<O.OOI, LSD(Q.05J=0.164; DO
Site Fs.36=37. P<O.OOI: Season F2.36=703. P<O.OOl: Site x Season Fto.36=-i. P<0.002. LSD(0.05)=0.28: NH4-N- Site Fs.36=15, 
P<O.OOI: Season F2.36=10, P<O.OOI: Site x Season FJG.36=49, P<O.OOI. LSD;0.05)=0.0S2; Total nitrogen- Site Fs.36=181. P<O.OOI: 
Season Fn6=~28. P<O.OOl: Site x Season FI0.36=47. P<O.OOI, LSD(Q.05J=0. 157: Chloride- Site Fs.36=38, P<O.OOl: Season F2.36=987, 
P<O.OOI: Site x Season FI0.36=113. P<O.OOI. LSD(0.05J=0. I 15: P0-1-P- Site Fs.36=6, P<O.OOI: Season F2.36=2. not significant, Site x 
Season FI0.36=2.5, P<0.02. LSD(0.05)=0.013. 

respiration than other sites. This site was disturbed 
by offerings made by pilgrims in the form of plant 
materials and incense. Respiratory loss significantly 
varied between seasons and sites (Figure 5). The step
wise multiple regression analysis depicted significant· 
relation of respiratory loss with total nitrogen, pH, 
temperature and carbon-dioxide [In RES = 2.376 + 

0.297 TN- 0.188 pH- 0.131 T- 0.066 C02; R2= 
0.475. F= 7.004, P<O.OOl]. 

Comparison of GPP and respiratory lo~- showed 
that there was a gain in productivity in the rainy and 
summer seasons, but a loss in winter, except at the 
undisturbed site III. 
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Figure 5. Seasonal variation in GPP and respiration by plankton in the water at four sites of the Khecheopalri lake. AN0\~4: GPP - Site 
F3.24=5.5. ?<0.005; Season F2.24=Z06. P<O.OOJ: Site x Season imeraction not significant: Respiration- Site F3.24=24, P<O.OOJ: Season 
F2.24=lOl. P<O.OOJ: Site x Season F6.2.J=20. P<O.OOJ, LSD(0.05)=9.45. 

Conclusions 

Natural freshwater lakes in the Himalayan region are 
slowly disappearing because of runoff sediment de
position and other pressures. Sacred lakes have great 
values in mythology and religion of mountain people. 
The longevity of such sacred lakes is now threatened 
by cultural practices in the surrounding watersheds, as 
observed in the Khecheopalri lake in Sikkim. High 
sediment deposition in the lake has enhanced the 
expansion of the surrounding bog. The boggy area re
tains much sediment. Nutrient analyses showed that 
some of the nutrients are imported from agricultural 

land and forest and from cattle dung in the grazed bog 
area. Water at the site of worship shows eutrophica
tion. Therefore, offerings should be organized such as 
to restrict debris from entering the lake. Agricultural 
activities, grazing and forest resource extraction from 
the watershed should also be controlled. 
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Abstract 

The hydrology and ecological linkages between Khecheopalri lake and its surrounding 
watershed (area: 12 km2

) in Sikkim were investigated to assess the long-term impacts of 
land-use I cover change on the hydrology of the lake ecosystem and bog formation around the 
glaciated lake. Significant land-usejcover change occurred in the past 4 decades. The bog area 
expanded by 679c while the area under agriculture land in the lake watershed grew by 63% 
between 1988 and 1997. Overland flow was highest on the bare land (4.77% of the precipitation) 
and lowest in areas of carda_mom-based agroforestry (L79%). Soil and nutrient losses were highest 
in the cultivated area and least in the cardamom agroforestry system. Sediment loads of 345 Mg 
year- 1 were recorded at the lake inlet and of 316 Mg year- 1 at the outlet. Annual soil loss from 
the lake watershed was 502 Mg km- 2 and a net sediment deposition in the lake was 141 Mg 
year- 1

• The lake received high nutrient loads (organic carbon of 10.2 Mg year- 1
• total nitrogen of 

1.01 :\-ig year- 1 and total phosphorus of 0.51 Mg year- 1) from soil erosion and overland flow. 
The pH. total phosphorus and bulk density of the peat increased from the lake towards the 
bog-forest edge. This reflects the trapping of sediments and nutrients around the bog forest 
margin. although their retention is limited. Agricultural practices should be minimized in the upper 
part of the watershed and agroforestry practices should be encouraged to maintain the health and 
longe\·ity of the lake. © 2000 Elsevier Science B.V. All rights reserved . 

. • 
Ke.nmrds: Discharge: Land-use/cover; Nutrients; Overland flow; Peat bog; Soil loss 
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E-mail address: gbp.sk@sikkim.org (E. Sharma). 

03-l-1-8162 /00 /S - see front matter © 2000 Elsevier Science B. V. All rights reserved. 
PI!: S0341-8162(00)00086-2 



26-1- A. Jain eta!./ Catena 40 (2000) 263-278 

1. Introduction 

The land-usejcover changes from forest to other uses have been widespread in the 
last lew decades in the Himalayan region (Singh et al., 1983; Rai et al., 1994). 
Population growth and tourism have encouraged agricultural expansion unto steep, 
marginal slopes causing depletion of forests providing fuel, timber and fodder. Such 
changes in land-use 1 cover lead to environmental degradation through soil erosion and 
nutrient loss. Bare, tree-less soil in steep upland farming areas suffers soil erosion and 
fenility decline (Rai and Sharma, 1995). Therefore, the relationship between land
usejcover change and soil erosion and hydro-ecological processes is a key element in 
understanding the little known local, regional, and global biospheric disruptions. Such 
information at the lake watershed level could be highly useful to policy planning and 
management of the fragile ecosystems of the Himalaya. No such information is available 
for the lake ecosystems of the Himalayan region. Therefore, the present study was 
designed to understand the different ecological processes in the sacred Khecheopalri 
Lake watershed in relation to land-use/cover change. The study investigated (i) the 
dynamics of land-usejcover change detection; (ii) precipitation, discharge and sediment 
movement; (iii) overland flow and soil loss; (iv) precipitation panitioning pathways in 
forest and agroforestry systems and ( v) the factors contributing to the development of 
bog and peatland-lake systems. 

2. Study area, material and methods 

The famous "Wish fulfilling Lake" Khecheopalri is considered by the Sikkimese as 
the most sacred. There are many folklores and legends associated with the formation and 
shape of this lake. The lake being considered sacred, the water is not used for any other 
purposes except for rites and rituals. Fishing and boating are strictly prohibited in the . 
lake. It is situated in the midst of forest revealing its pristine set up at 27°22' 24" N and 
88°12'30"E with an altitude of 1700 m amsl in the western pan of Sikkim. The lake 
represents the original "neve" region of the ancient hanging glacier. the depression 
being formed by the scooping action of hanging glacier (Raina, 1966). The Ramam 
watershed has mixed broad leaved forests and agriculture land with a total area of 12 
km~ having two villages, which includes 91 ha area specifically as the lake watershed 
(Fig. 1). Although there are few settlements, the high influx of tourists has led to some 
disturbance of the lake and its watershed. There are two perennial and five seasonal 
inlets to the lake and one major outlet (Fig. 2). The lake has been a resting-place for 
Trans-Himalayan migratory birds and suppons commercial and recreational tourism. 

Geologically, the local rocks belong to the Darjeeling group. This group mainly 
comprises high-grade gneisses containing quartz and feldspar with streaks of biotite 
(GSI. 1984). Pollen analysis of a sedimentary profile from Khecheopalri lake with three 

.
1"'C dates, i.e., 2280 ± 110, 2380 ± 110, and 1680 ± 130 years BP at different depths 
(C. Sharma 1

) shows that around 2500 years ago, the lake surroundings had dense mixed 

1 
C. Sharma, 1996 (personal communication), Birbal Sanhi Institute of Palaeobotany. Lucknow. India. 



N 

t 

l / Catena A. Jain eta . 40(2000)263-278 

·. Lake 

A£ 1 Monastery Ao 1979,/• Khecheopalr -A.--.. ;-·• 
• • • Gulnpa Golal 

LEGEND 

m Dense mixed forest 

~ mixed forest ~Open 

ded mixed forest ~Degra 

~ . d settlement. 1:-:-:1 Cultivated area an 

265 

DlR!I Rock outcrop 

' - . ,, <h' '""' Km d kly shaded portion d The ar 

R 
F 

1
- so:ao watershe · . . d Ramam I. lake an d 

f the Khecheopa n . I997 is presente . . I Location map o f the warershed m Fig. · d use;'cover o watershed. Lan -

---



\ 

)~· \ 4.--.·)·\ \ .. 
\ ' . 

'ij-· . , 
\.~( ' 

\ 
·...,_ 

·., 
'·, 

\ 
\ 

Fig. 2. Khecheopalri lake showing boggy area, surrounding watershed and inlets/outlet. 
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broad-leaved forests and poorly developed ground Yegetal growth. This is indicated by 
exceedingly high pollen values of Quercus, followed by Alnus and Pinus and other 
arboreal elements. The soil is sandy loam in nature. Climate of the area is monsoonic 
and divisible into three seasons: rainy (June to October); winter (November to February); 
and summer (March to May). Annual precipitation was 3837 mm and mean daily 
terilperatures ranged from 4°C to 24°C during 1997 and 1998. 

A land-use/ cover map of the sacred Khecheopalari lake watershed was prepared 
from satellite images, IRS-1A/1B, LISS-11 and IRS-lC, LISS-III, FCC of bands 2, 3, 
and 4 at (50000 for the year 1988 and 1997 and Survey of India topographical maps. 
Intensive field investigations were carried out to check the land-use/ cover classification. 

Precipitation was recorded on a monthly basis since 1997 in a non-recording rain 
gauge located near the lake and pooled into three seasons. Discharge of the inlets and 
outlet was measured twice daily and values were pooled for three seasons during 1997. 
Sediment concentration was calculated by filtering water samples collected fortnightly. 

Overland flow and soil losses were estimated from 12 experimental plots under 
different land-usejcover combinations in the lake watershed during 1997 and 1998 on 
three monsoon (pre-monsoon, mid-monsoon, and post-monsoon) seasons. Three rainfall 
events were considered for each monsoon period totaling 18 events during 2 years of 
study. These were estimated using natural shallow surface runoff channels and artifi
cially delineated plots (Pandey et al., 1983; Singh et al., 1983; Rai and Sharma, 1998a). 
The delineated plot size was 10 X 3 m2 for estimation of overland flow and soil loss, 
and three plots were laid in each type of land-use/cover practice. These plots were 
bounded with aluminum sheets (6 em inserted in the soil and remaining 15 em exposed 
in air) on all sides to prevent water from eh'tering from adjacent areas. The plots were 
located on slopes ranging from 20° to 35°. The overland flow and soil losses along the 
slope were estimated from the collecting tank after each rainfall event. Soil samples 
were taken down to a 30-cm depth adjacent to each of the delineated plots and were 
mixed together to form composite samples of the soil at each site. These samples were 
collected just before the rainy season at the time of plot delineation. The eroded soils 
were sampled in the form of sediment settled at the bottom of the collecting tank and 
as-suspended clay material. 

Sediment texture analysis of eroded soil was done using mesh sieve. Suspended clay 
material was separated by filtration using Whatman filter paper from the sample water. 
The soil for nutrient analyses comprised of both bed-load sediment and suspended clay 
material for eroded soils. Organic carbon of the soil was estimated following the 
Walkley-Black method, total nitrogen by the modified Kjeldahl method and the total 
phosphorus by ascorbic acid method (Anderson and Ingram, 1993). The runoff water· 
samples were analyzed for phosphate-phosphorus by stannous chloride method (Eaton 
et al., 1995) and total nitrogen by AOAC method (Cunniff, 1995). The organic debris 
loss was estimated from the overland flow. Net qeposition of the sediment in the lake 
and bog was calculated using delivery ratio (Sharada et al., 1992). 

A total of nine stands comprising three each in forests, cardamom-based agroforestry, 
and traditional crop-based agroforestry systems was selected to investigate pathways of 
incident precipitation through the plant cover (Table 1). Incident precipitation was 
recorded during 18 rainfall events during 1997 and 1998. Partitioning of incident 



precipitation into throughfall, stemflow, canopy interception, floor leachate, floor inter
ception, and b.iomass incorporation was made. Trees of dominant species were tagged 
for stemflow measurement in each of the systems. Stemflow was collected by attaching 
aluminum collars to three trees of different diameter classes in each stand. Within each 
plot, three throughfall collectors and three floor leachate collectors were established. 
Each throughfall collector was placed on the soil surface so that its upper rim was 
horizontal and was about 20 em above the ground. Floor leachate collectors were 
covered by a 2-mm mesh nylon net. The litter carefully removed frmn-iJelow the 
collector was placed on the net. Floor leachate collectors were inserted into the soil 
surface such that the rim of the container was horizontal and level with the surt'ace of 
the litter. Nine throughfall and floor leachate collectors were randomly located. Mea-
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surements were made during pre-, mid- and post-monsoon periods. Following each· 
sampling, all throughfall and floor leachate collectors were randomly relocated. This' 
technique produces more accurate estimates of annual volumes than fixed collectors 
(Kimmins,.-_1973; Rai and Sharma, 1998a). Throughfall and floor leachate volumes were 
calculated considering the width of the upper rim of the collecting vessel. Average 
stemflow was calculated with the basal area of 'the trees. Biomass incorporation was 
calculated on dry weight basis of woody biomass. Canopy interception was calculated 
by subtracting throughfall and stemflow values from the incident precipitation. Forest
floor interception was derived from the difference of the forest-floor leachate, overland 
flow and biomass incorporation with the added value of throughfall and stemflow. 

In order to understand the factors responsible for bog area formation and. expansion, 
four sites were selected COJ?sidering distance and depth in relation to disturbed and 
undisturbed upland conditions. Soil cores were taken at 0-50 and 50-100 em depth 
intervals below the peat surface at a distance of 2, 30, 60, and 90 m from the lake edge 
to bog forest edge in 1998 for evaluating the horizontal continuity of the peat strata and 
the. strata boundary. Wet samples were transformed immediately to polyethylene bags to 
avoid excessive air contact. The peat samples were dried and sieved with a 2-mm mesh 
for tcital nutrient analysis. Peat bulk density was determined along the transect at a depth 
of up to 50 em. Peat pH was determined using a digital pH meter, total nitrogen by the 
modified Kjeldahl method and total phosphorus by the chlorostannous r~duced molyb
dophosphoric blue color method (Jackson, 1967). Percent organic matter of oven-dried 
peat samples was determined by ignition at 450°C for 6 h (Kratz and Dewitt, 1986). 
Stastical analysis (ANOV A) was done using Systat (1996). 

3. Results 

3.1. Dynamics of land-use I cover change 

The existing land-use I cover pattern of the sacred Khecheopalri lake watershed in 
1997 was dense mixed· forest (22.53%), open mixed forest (40.69%), degraded forest 
(21.00%), cultivated land and settlements (13.44%), rock out crop (1.45%) and lake 
including bog (0.89%). Most of the lake watershed is under forest, with cultivation 
confined to the upper ridges (Fig. 1 ). 

The major land cover changes from 1963 to 1997 were the expansion of the bog area, 
of agriculture land and settlements. The cultivated land area increased by 10.29% (Table 
2), most of the changes occurring after 1988. Degraded forest increased by 13.42% 
during 1988_:_ 1997. The total forest covers both dense mixed and open mixed decreased 
by 3.17% and 16.6%, respectively, during the same period. In the case of the lake area, 
major changes were recorded in the form of bog area expansion (Fig 3). In 1963, the 
bog was 3.4 ha that increased to 7.0 ha in 1997 (Table 2). The land area, which drained 
to the lake, comprised of forest (82.5 ha), cultivated land (7.5 ha) and cardamom 
agroforestry (1 ha). 
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Table 2 
Comparison of 1and-uselcover change detection of Khecheopalri lake watershed. 
Total watershed area 1209 ha: 
- Land use not demarcated. 

Land-use I cover Years 

1963 (area)" 1976 (area)" 1988 (area)b 

Dense mixed forest 
Open mixed forestc 
Degraded forest 
Settlement and cultivated area 
Rock out crop 
Lake water surface 
Bog area 

ha 

1160.00 

38.20 

7.40 
3.40 

aBased on survey of India map. 
b Based on satellite imageries. 

9'c ha 

95.94 1145.00 

3.15 53.20 

0.61 6.80 
0.28 4.00 

% ha % 

94.70 310.80 25.70 
693.20 57.33 

91.70 7.58 
4.40 100.00 8.27 

2.50 0.21 
0.56 6.60 0.54 
0.33. -L20 0.34 

cLarge cardamom agroforestry has been included in open mixed forest category. 

3.2. Precipitation, discharge and sediment movement 

1997 (area)b 

ha % 

272.20 22.53 
492.01 40.69 
254.00 21.00 
162.50 13.44 
17.50 1.45 
3.79 0.31 
7.01 0.58 

In 1997 and 1998, 85% of the 3837-mm mean annual precipitation was received 
during rainy season. Annual inflow of water in the lake was estimated at 1103 X 106 1, 
while the outflow was 4279 X 106 I. The highest discharge of 3835 X 106 I (90%) was 

7.0 ha 

(a) (b) 
125m 

Fig. 3. Extent of open water surface (shaded) and peat bog area in 1963 (a) and 1997 (b) of Khecheopalri lake. 
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Table 3 
Seasonal variation of discharge and sediment- moYement at the inlets and outlet of the Khecheopalri lake. 
Values in parentheses are percentages 

Season -Inlet flow (X 106 I) Inlet sediment (kg) Outlet flow (X 106 1) Outlet sediment (kg) 
-, -

Summer 
Rainy 
Winter 
Total 

25 (2.26) 
906 (82.13) 
172 (15.59) 
1103 

776 (0.22) 
343 046 (99.29) 
1661 (OA8) 
345483 

94 (2.19) 
3835 (89.6) 
350 (8.23) 
4279 

3173 (I) 
307810 (97.33) 
5250 (1.66) 
316233 

recorde
1
d in rainy season and the lowest value of 94 X 106 1 (2%) in summer season at 

the outlet (Table 3). Subsurface flow and seepage from the watershed and precipitation 
I 

on the lake probably cause the outflow to exceed the tributary inflow. At the inlet, the 
sedimeft influx ranged from 0.776 Mg during the summer to 343 Mg in the rainy season 
and the outlet the sediment. flow ranged from 3.17 Mg during summer to 308 Mg in 
rainy sJason (Table 3). About 29 Mg of soil was deposited annually in the lake and bog 
througH stream sediment. 

3.3. ;v~rland flow and soil loss 
I . 

Overland flow was greatest over bare land (4.8%) and smallest in cardamom-based 
agroforestry (1.8%). Soil loss was highest on the cropped area, while it was lowest in the 
cardamom based agroforestry system (Table 4). The runoff of organic debris was highest 
in the forest, followed by cardamom agroforestry, bare land and the least from cropped · 

Table 4 
Rainfall, runoff and eroded soil characteristics of different land-uses of the Khecheopalri lake watershed 

· Runoff parameter Forest Cardamom agroforestry Cultivated area Bare land 

Overland flow(% of precipitation) 2.06 1.79 3.79 4.77 
Runoff( X 105 ljhajyear) 6.7 5.8 12.4 15.6 
Soil !ossa (kgjha) 25 15 405 156 
Soil loss (Mg/hajyear) 6.39 1.19 28.42 19.92 
Sediment fractionation of eroded soil(%) 

Gravel ( > 2 mm) 12 7 2 12 
Sand (2-0.04 mm) 74 8-i 86 67 
Silt (0.04-0.09 mm) 9 ' 11 14 _, 
Clay ( < 0.09 mm) 5 6 7 

Eroded soil nutrient (kgjhajyear) 
Organic carbon 328 38 969 739 
Total nitrogen 41 5 91 122 
Total phosphorus 13 2 51 39 

Runoff water nutrient (kgjhajyear) 
Total nitrogen 7.81 7.03 6.64 6.55 
Phosphate-phosphorus 0.12 O.Q7 0.11 0.19 

Runoff organic debris 
(gjl)a 1.96 1.75 1.28 1.29 
(Mgjhajyear) 1.31 1.13 1.59 2.91 

aMean of six rainfall events. 
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Table 5 
Nutrient concentration of parent and eroded soils under different land use in the· Khecheopalri lake watershed. 
Values are mean (n = 6) composite samples 

Land use Soil type" Organic carbon(%) Total nitrogen(%) Total phosphorus(%) 

Forest PS 4.51 0.47 0.146 
ES 5.13 0.65 0.197 

Cardamom agroforestry PS 3.11 0.35 0.199 
ES 3.19 0.40 0.187 

Open cultivated area PS '2.27 0.28 0.225 
ES 3.41 .. 0.32 0.179 

Bare land PS 2.15 0.15 0.676 
ES 3.71 0.61 0.197 

A."''OV A P valuesb 
Land-use 0.005 0.05 NS 
Soil type 0.05 0.005 0.05 
Land-use X Soil type NS 0.001 NS 
LSD (0.05) 0.07 

"PS =Parent soil; ES =eroded soil. 
bBeneath each column P values associated with analysis of variance (ANOV A) are given with. LSD 

values (P = 0.05) applicable for means of land use and soil type. NS is not significant. 

area. Organic debris in forest runoff was mainly leaf litter. Sediment fractionation of 
eroded soil from different land-use ranged 67%-86% sand. 2%-12% gravel, 3%-14% 
silt and 1%-7% clay (Table 4). Total area that drained in the lake was 91 ha, whose. 
68-ha area drained through two perennial streams and the remaining 23-ha area by 
overland flow directly to the lake. Soil loss from the 23-ha area that drained directly in 
the lake was 112 Mg year- 1

• 

Concentrations of nitrogen and organic carbon were higher in eroded soil than the 
parent soil in all the land-uses, while total phosphorus \Vas mostly higher in the parent 
than the eroded soil (Table 5). Analysis of variance of organic carbon and total nitrogen 
showed significant variation between land-uses and soil types, while in the case of total 
phosphorus, significance between soil types only was recorded (Table 5). 

3.4. Precipitation partitioning 

Analysis of variance showed that throughfall, canopy interception, overland flow,. 
floor interception and floor leachate varied significantly between the pre-, mid- and 
post-monsoon periods. Stemflow did not show significant variation between rainfall 
timings. In case of overland flow, significant variation between land-use was recorded · 
(Table 6). Throughfall ranged from 54% in the cardamom~based agroforestry to 73% in 

·natural forest. The partitioned throughfall positively correlated with the incident precipi
tation (r = 0.76; df= 8; P < 0.01). The stemflow was recorded highest in traditional 
agriculture-based agroforestry (6%) followed by natural forest (2%) and lowest in large 
cardamom-based agroforestry ( 1%) of the total rainfall. Canopy interception accounted 
for 45% in cardamom-based agroforestry system followed by 31% in traditional 
agriculture-based agroforestry and 25% in natural forest (Table 6). About 62% of 
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Precipitation partitioning in three major land uses of the Khecheopalri lake watershed. Values in parentheses are percentages 
Rainfall time: PM = pre-monsoon; M =mid-monsoon; POM = post-mons~on; ANOV A: throughfall- rainfall time F3.8 = 63.5, P < 0.005; stemflow- rainfall time 
F.1.s = 1.72. NS: canopy interception- rainfall time F.1.s = 16.5. P < 0.005: overland flow -land-usc F.1.~u = 3.2. P < 0.05; rainfall time F.1.~u = 9.8. P < 0.005; floor 
interception- rainfall time /~1• 8 = I 0, P < 0.005; floor leachate- rainfall time F 3.8 = I 0.1, P < 0.005. Land-usc did not show significant variation for all parameters 
except overland flow. · 

Partition components Land-use 

Fmcst Cnrdamom agrol'orestry Traditional crop based agrol'orcstry 

PM M POM Total PM M POM Total PM M .POM Total 

Incident precipitation (mm) 1068 1998 572 3638 1068 1998 572 3638 1068 1998 572 3638 
Through fall (mm) 566 1548 501 2615 (73) 525 1338 268 213 I (54) 452 1351 453 2256 (63) 
Stem flow (mm) 31 72 7 l 09 (2) 10 30 8 47.4(1) 11 309 7 327 (6) 

Canopy interception (mm) 471 378 (i4 914 (25) 533 630 296 1460 (45) 606 338 112 1055 (31) 
Overland flow (mm) 18 41 6 65 8 39 4 51 9 81 9 100 
Floor interception (mm) 458 977 367 1804 17 676 76 769 5 1059 98 1162 
Floor leachate (mm) 120 601 133 854 510 653 196 1359 449 520 353 1332 
Biomass incorporation (mm) 0.63 0.52 0.1 () 
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throughfall and stemflow was collected as leachate in large cardamom-based agro
forestry system followed by 51% in traditional agriculture-based agroforestry and 31% 

. in natural forest. Floor interception was highest (66%) in forest, followed by traditional 
crop-based agroforestry (44%) and cardamom-based agroforestry (35%). 

3.5. Bog development and peat nutrient analysis 

The peatland of the Khecheoplari lake was formed by the inflow of organic debris 
and ~ediments from the upland forest that elevated the. periphery of the lake surface, 
affecting the inundation regimes and colonization by a wide spectrum of vegetation. 
Sphagnum spp. dominated the bog. The lake has a single outlet, which restricts the 
export of the peat. Seasonal precipitation also favours peat development in the 
Khecheopalri lake. The peat consists of well-decomposed material with an organic 
matter content of 12% to 93% (Table 7). The material was dark brown and, in some 
cases, jelly-like. The organic_ content of the peat samples gradually decreases from the 
lake periphery towards the forest margin. Analysis of variance showed significant 
differences of organic matter content between sites, depth and distance, except for site 
and depth interaction being not significant (Table 7). 

Two relatively discrete vertical peat strata were found in the lake bog. The bulk 
density varied widely (0.074-0.917 gjcm3

) with distance across the transect, showing 

Table 7 
Nutrient concentration of bog at two depths of four sites along the distance from lake periphery to forest edge 
TN= total nitrogen (%); TP =total phosphorus (%); and OM= organic matter (%); dash= no bog at this 
distance. ANOVA: pH-site F3.48 = 34.62, P < 0.001; distance F3.48 = 167, P < 0.001; depth F1.48 = 82.4, 
P < 0.001; site X distance F9.48 = 37.3, P < 0.001; site X depth F3.48 = 12, P < 0.001; distance X depth F3.48 
= 13.7, P < 0.001; site X distance X depth F9•48 = 11.3, P < 0.001, LSD (0.05) = 0.14. Total nitrogen- site 
F3.48 = 80.3, P < 0.001: distance F3.48 = 13.8, P < 0.001; depth F1.48 = 63.2, P < 0.001; site X distance 
F9.48 = 45.4, P < 0.001; site X depth F3.48 = 11.3, P < 0.001; distance X depth F3.48 = 8.2, P < 0.001; site X 

distance X depth F9.48 = 16.9, P < 0.001, LSD (0.05) = 0.075. Total phosphorus- site not significant: distance 
F3_48 = 83.3, P < 0.001; depth F1.48 = 26.6, P < 0.001; site X distance not significant; site X depth not signifi
cant; distance X depth F3.48 = 14.3, P < 0.00 t; site X distance X depth F9.48 = 2.99, P < 0.05, LSD (0.05) = 
0.006. Organic matter-site FH8 = 347, P < 0.001; distance F3•48 = 1488, P < 0.001; depth F1.48 = 740, 
P < 0.001; site X distance F9.48 = 182.5, P < 0.001; site X depth interaction not significant, site X distance X 
depth F9.48 = 14, P < 0.001, LSD (0.05) = l. 

Site Depth (em) Distance (m) 

2 30 60 90 

pH TN TP OM pH TN TP OM pH TN TP OM pH TN TP OM 

0-50 4.2 0.44 0.003 89 3.4 1.43- 0.007 86 5.3 1.12 0.008 43 
50-100 4.9 0.53 0.004 75 3.7 1.42 0.001 82 5.8 0.83 0.069 14 

II 0-50 3.4 1.29 0.017 93 4.9 1.70 O.Dl5 91 4.5 1.46 0.028 45 5.1 l.IO 0.026 53 
50-100 3.7 0.91 0.018 76 5.0 l.l7 0.025 83 4.9 0.83 0.045 13 5.2 1.26 0.022 13 

III 0-50 4.5 l.IO 0.013 88 4.2 1.40 0.022 46 5.7 0.61 0.025 42 5.5 1:21 .. o.o69 54 
50-100 4.8 0.85 0.032 65 4.9 0.64 0.033 24 5.5 1.24 0.046 13 5.9 1.15 0.047 12 

IV 0-50 4.1 1.38 0.001 73 4.8 0.37 0.003 40 5.0 0.36 0.026 54 
50-100 4.5 0.78 0.003 70 4.9 0.20 0.005 16 5.1 0.34 0.069 13 
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Fig. 4. Variation of bulk density with distance along a transect from lake edge towards bog forest edge. 

low values towards the lake edge (Fig. 4). The nutrient contents of the bog samples are 
presented in Table 7. The pH of the peat materials was acidic, ranging from 4.2 (at 2 m 
distance) to 5.9 (at 90 m distance). Total nitrogen concentration was generally higher in 
the upper layer (0-50 em) compared to the lower depth (50-1 00 em). Total phosphorus 
was low and ranged from 0.003% to 0.069% (Table 7). Analysis of variance of pH and 
total nitrogen varied significantly with sites, depth and distance, while total phosphorus 
varied significantly only with ,distance and depth, and not with sites (Table 7). 

4. Discussion and conclusions 

The conspicuous land-usejcover changes in the lake watershed in the past 35 years 
have led to the expansion of the bog area. Agriculture land expansion in the watershed 
had a major impact on the lake by increased sediment deposition. Areas under dense and 
open mixed forests have decreased and degraded forest increased remarkably. during 
1988 and 1997. Nearly a threefold increase in settlements and agriculture area has been 
recorded in the past 20 years. The conversion of dense mixed forest to open mixed forest 
and then to degraded forests has been mainly attributed to fuel wood and timber 
extraction, fodder collection and grazing. 

Discharge into and out of the lake is highly seasonal and is directly related to 
precipitation. Most of the annual rainfall was receiYed in monsoon and the discharge 
was highest in this period. Seasonal inlets dried completely in the summer season. 
Sediment concentration also showed a seasonality similar to that of discharge. Sediment 
flow was high and around 29 Mg was deposited annually in the lake through streams. 
Greater sediment concentration in the rainy season was attributed to high rainfall and 
extensive cultivation practices during this period. High sediment in the rainy season 
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turned the lake water turbid. Deposition of sediment in the bog edges resulted in vertical 
and lateral expansion, threatening the longevity of the lake. 

The overland flow from the bare land was greatest compared to other land-uses. Soil 
loss from the open cropped area was maximum followed by bare land, forest, and 
minimum from large cardamom agroforestry. The overland flow and the soil loss in the 
large cardamom-based agroforestry system were less because of good tree canopy and 
under-storey thick large cardamom bush coverage. The low overland flow recorded in 
natural forest and cardamom-based agroforestry was comparable with values ·reported 
for the Central Himalayan forest and Mamlay watershed of the Sikkim Himalaya 
(Pathak et al., 1983; Negi et al., 1998; Rai and Sharma, 1998a). On steep forested slopes 
in Au<>tralia. Bren and Turner (1979) found that the overland flow was only 0.005% of 
the rainfall. That was quite low compared to the present study. The soil loss from the 
23-ha area that ,drained directly in the lake was 112 Mg year- 1 and sediment load from 
the remaining 68 ha through the inlet was 345 Mg year- 1

• Total soil loss from the lake 
watershed was 502 Mg km - 2 year- 1• Soil deposition in the lake was 141 Mg year- 1

• 

This is lower than 616 Mg km- 2 
. year- 1 from a watershed in south Sikkim (Rai and 

Sharma, 1998b), however, it was at the lower side of the range of 500-1000 Mg km -z 
year- 1 reported for the Himalayan region by Milliman and Meade (1983). 

The soil loss from the agricultural land was greatest followed by bare land, forest and 
cardamom agroforestry. Cultivated area occupied 13.4% of the total lake watershed and 
contributed 22.7% runoff, 42.5% soil loss, 33.2% organic carbon, 27.1% total nitrogen 
and 39.69C of ·total phosphorus. The agriculture practice, although small in area, 
contributed significant amounts of soil and nutrient loss. Therefore, agriculture practice 
in the form of open cropped area in the lake watershed has to be minimized and should 
encourage agroforestry practices that showed lower rates of soil and nutrient loss. 

· }he throughfall, stemflow, and canopy interception results are similar to those of the 
forests of the Central Himalaya and the Mamlay watershed in south Sikkim (Pathak et . 
al., 1983: )legi et al., 1998; Rai and Sharma, 1998a). Throughfall in natural forest was 
highest as a result of more canopy coverage. Throughfall of similar magnitude has been 
reported by several workers (Henderson et al., 1977; Rai and Sharma, 1998a). Canopy 
interception was recorded highest in large cardamom-based agroforestry, which showed 
good tree canopy and under-storey cardamom coverage. Pathak et al. (1983) reported 
positive relationship of interception with canopy cover in the Oak forest of the central 
Himalaya. Waring et al. (1981) argued that the surface area of the forest is an important 
determinant in interception processes. Comparison between forest and agroforestry 
systems showed that totality of canopy and floor interception is a very important 
determinant for water availability with respect to floor leachate. Roor interception of 
precipitation was directly related with the floor litter composition and quantity. The 
forest had more floor interception as a result of its thicker litter layer. 

The sediment and nutrient inputs from the watershed are filling up the lake, gradually 
leading to elevation of surface and growth of vegetation. The vegetationj!! turn affects 
the flow regimes decreasing the frequency and depth of flooding, so that less organic 
production is exported and it is deposited as peat. The marshy plants of the peat land 
trap the sediment to some extent. But it has a negative role to play as it is spreading 
centripetally towards the open water surface of the lake, forming a kettle hole bog. 
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Peat soils from bog have many characteristics that distinguish them from the other 
soils such as low bulk density (Boelter, 1974), high water holding capacity (Thorpe, 
1968) and low percent ash and high organic matter content (Pollett, 1972). Our results 
show that 'peat contained ·high organic matter and had low bulk density. The nutrient 
content of the peat is often an indicator (espe·~·ially if the peat is drained) of its nutritive 
value for plant growth (Stanek, r'975). Highly acidic peat showed low contents of the 
total phosphorus (Lucas and Davis, 1961) and it was reported that highly acidic peat 
often contained as little as 0.01% phosphorus. Our results showed similar trends, when 
the peat was highly acidic (pH 4.2) the total phosphorous was recorded very low 
(0.003%) and with the increase of pH, total phosphorus also increased along the distance 
from the lake edge towards the forest. Peat acidity and organic matter decreased with 
depth and distance from the lake periphery towards the forest margin. 

Differences in the hydro-ecological attributes of the land-usejcover investigated in 
this study can form a background for soil and water conservation in ttle lake watershed. 
Our findings suggest that the ·dense mixed forest cover should be maintained on the 
ridges of the lake watershed to regulate stream flow. The conversion of forests to 
agriculture land has been quite conspicuous in the past few decades and it has to be 
reversed immediately. Agroforestry may be encouraged in place of open· cropping 
practice. Successional development in the bog area should be arrested through minimiz
ing sediment accretion from the lake watershed. Agricultural land not only promotes 
sediment inflow but also adds to the nutrient enrichment through overland flow transport 
that increases the productivity of the bog, which needs to be stopped. A few rhizomatous 
species such as Alocasia may be grown at the edge of the forest to restrict the sediment 
from entering the lake and bog. 
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