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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 
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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 

210 



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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