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Chapter IX , 

· Biodiversity management and conservation implications . 
Ill 

Khanchendzonga Biosphere Reserve 

Sikkim, a land of mystic splendor has a high importance in 
\ 

the Eastern Hhnalaya. The extraordinary physical structure and 

weather have emiched the area with bounty of natural wealth. On 

the other hand, the rich tradition and. culture of diverse ethnic 

groups is an additional charm for the state. High proportion of 

floral and faunal }diversity has made Sikkim· unparallel to rest of 

the Himalaya. The wide variety of trees, wild edibles, 

rhododendrons and orchids are the wealth of this tiriy Himalayan 

State. It has been meeting and satisfying the resources 11eed of 
' .! • • ! • ~, L •'' • - ' • ' •' •', ' • ~ "- ••' , 

majority :of itS population.:-But in the recent years,: evidence of 

decline in sp~<;:jes . number and ~ompositions are emerging. 

Irrational ·use of natural resources and substantial increase in 

population have· brought about ~hortage. for fuel; fodder and 

timber, affecting forests quality in· many parts of Sikkirii. (Rcli et al. 

1994, Sundriyal et al. 1994, Sundriyal·& Sharma 1996). The· people 

-have now started using less valued spedes for .fuel wood as 

riumber of most preferred species iri the forests. have decreased. 

Indiscriminate felling of tr~e·s,. plantation of exotic: species like 

Cryptonieria- Japonica~ lack·. of striCt· enforcement of :protection 
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conservation laws and use of enormous amount of wood in house 

construction, large scale cardamom curing following conventional 

method and fodder for increasing cc_tttle nutnbers are the most 

comtnon causes of forest destruction. Such uncontrolled, 

umegulated resource 1use pattern has brought about destruction, 

fragtnentation and degradation of this biodiversity rich forest area. 

Human disturbances like firewood extraction, fodder lopping, 

cattle grazing, tourism, infrastructure and industrial development 
' 

have been increasing since the past few decades. Immediate steps 

are needed to counter the effects of deforestation, fragmentation 

and degra~ation for the retnaining wilderness. 

The major cause of biodiversity loss is due to human actions, 

primarily land use pattern and resource utilisation, yet the 

practical technique. for conducting such analysis does not exist 

(OTA 1987, Machlis & Forester 1993). Due to limited stage of 

knowledge, the relationship between human action and 
I • I ,·· 

biodiversity is part of tnost biodiversity research agenda (OTA 

1987, WRI 1992). To deal with these concerns there has been call for 
'. ~ . 

interdisciplinary and theory-ground research (Machlis 1990). A 

necessary step is to construction of. specific, testable models, 

because the advance of scientific researcll. relies heavily on the 

process of. modeling (Pease & Bull 1992). Purely biological models 

are limited to investigating intervening variables and proximate 

218 



causes. Thus, explanatory variables should be interdisciplinary 

(Machlis & Forester 1993). The studies of biodiversity component 

in the I-Iin1alaya are usually monotypic i.e. focusing to plant 

community, animal community or social s~udy with resources 

utilization etc. The present study considered Conceptual models 

with flow diagram following Machlis and Forester (1993) to 

construct the theoretical concepts considering biolog~cal and social 

cotnponents. A study model (Fig 9.1) was prepared and 

implemented at regional level to assess the human pressure in the 

context of resource extraction· with special reference to fuelwood 

(Fig 9.2), habitat conditions at two forests and its relation· with 

bird/buterfly community structure (Fig 9.1). 

Yuksam· and Yuksam-Dzongri corridor provide habitat for a 
- ' ' . .· 

number_ .of globally threatene~ ~ildlife and diverse bird and 
. . 

butterfly species (Table 3.1, . Appendices A, B). The natural 
' . ' 

resources comprise of large number of species used as fodder, fuel, 

·timber, medicine ':1-nd non-timber forest produce (NTFP) (Tabl~. 4.1, 

4.2, Appendices C). These resources are widely_ used by the 

inhabitants. The laboratory analysis of fuelwood and fodder 

quality reve~led that the local knowledge of species selection has a 

great vah.~.e. The knowledge has scientificbasis and is used by the 

people since time immemorial. This rich knowledge is fading with 
. . . 

the modernisation. 

219 



It is evident frotn the past experiences that a sustainable 

resource management depends on the mam1er and intensity of 

their exploitation. Yuksam-Dzongri trekking corridor faces 

ilnmense pressure on its natural resources (Chapters IV & V). A 

visible symptom of forest deterioration has been already observed 

in the area. Huge demand of fuelwood, fodder (Chapter IV) and 

untnanaged grazing by large number of anhnal is responsible for 

the deterioration of this pristine and sacred land. Most of such 

mature forests of Sikkim were lost at an alarming rate during last 

few decades due to such hurnan pressure (Sundriyal & Sharma 

1996)~ The rise in tourist number in the trekking trail has added 

additional concern for conservation (Rai & Sundriyal 1997). 

Tourism related pressure on the forest has been more distinctly 

visible at Tshoka:· Removal of selective c·anopy species for firewood 

and tirnber has changed the forest·structure and also opened the 

areas. These open areas are now dominated by seco'ndary species 

and regeneration of canopy·species has been relatively low due to 

such invasion. 'Though the press.ure of fuelwood use by tourists 

and HMI is comparatively negligible, a proper management ·of 

these ti·ekking corridor is of prime need because it has already 

brought about a· corisequer1t depletion of forest resources ·in the 

protected areas of Sikkim. l;he ·pressure by communities has tnajor 

ilnpact ori. the resources that have aggravated on quality of the 

forests, directly by causing· depletion and degradation. Tree DBH 
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class density and height class abundance revealed that the open 

forests had a disproportionate distribution of trees in the areas due 

to human disturbances, suggesting high pressure on medium DBH 

classes or medium· height h·ees. It was evident from the field 

observation that the regeneration of canop'y trees was poor due to 

overgrazing and trampling, which were comparatively more 

abundant at relatively undisturbed stands (see chapter V). 

The Sikkim Biodiversity and Ecotourism promoted eco

friendly tourism in the study area. Inprovement and compliance of 
' 

code of conduct for conservation by the h·avel agents, visitors and 

the community have been adopted as a step towards reduction of 

firewood collection from the corridor. An increase of LPG use from 

1% to 3% among the community and from 8% to 14% among the 

tourism related stakeholders was recorded during the period from 

1996 to 1998. Similarly, stove and kerosene use increased from 5 to 

.~- 14% among the communities and from 14 to 18% among the 
\ . ....._. 

tourism-related stakeholders. There was a substantial reduction of 

firewood use from 93% in 1996 to 80% in 1998 among the 

communities and from 73% in 1996 to 49% in 1998 among the· 

tourism enterprises (unpublished observation). 

Sustainability factor scores on firewood, fodder and timber 

species were estimated following Charles (1994) considering 

resource stock, harvest impact and harvest relative to regeneration, 
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the observation showed concern for fodder and tirnber species at 

the upper forest. The status and distribution of species in the lower 

forest are not in severe state but an irnmediate attention for 

restoration of degraded land is recommended. 

The Yuksam-Dzongri trekking corridor forest is good in 

birding. A wide variety of species inhabit this area as their habitat. 

Vegetation structure (chapter V) suggests that human pressure has 

reduced the quality of forest in the open canopy and provided 

accessible foraging ground for common bird species leading to 

high bird density (Block 1989, Daniels 1989). Bird species ticlmess 

as well as diversity were higher at the open canopy condition of 

the lower forest. Differences in species between the open and 

closed canopy conditions were due to dominance of many 

common species on open canopy in association with some forest 

interior birds (MacArthur 1972). The open canopy conditions for 

both the forest areas showed more generalist species and higher 

diversity, which is the indication of disturbances (Restrepo & 

Gomez 1998). This was substantiated by poor diversity at the 

closed canopy habitat. Generalists or comrnon species were more 

abundant at the open canopy condition, near human settlements, 

suggesting that they are· habitat generalists that tend to be less 

sensitive to habitat changes (Telleria & Santos 1995). 
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The interior forest dwelling birds have higher abundance at 

the closed canopy condition where the structural complexity like 

vertical stratification with higher canopy coverage is maintained as 

also reported by Fremark and Collins (1992). These observations 

suggest that the open and closed canopy forests have wide 

structural differences in the context of forest stratification, which in 

turn provides habitat for breeding and feeding ground to a wide 

variety of species as per their habitat preferences. Seasonal change 

of bird species diversity and richness at different habitat types 

suggests that the bird -species of this corridor have dynamic 

seasonal movement. The principal differences on composition of 

birds among these sites were undoubtedly due to human pressure 

resulting in change of-vegetation· sti·ucture and composition'(Block 

&Morrison 1991, Block & Brennan 1993, Aigner etal. 1998). 

Yuksam-Dzongri h·ekking corridor exhibits different habitat 
. ·,· • ,• , . . ,1· . 

r:!r· types with diverse bird species. Wide ranges of habitats are 
ll:::.'"> ·. . . . - . . . 

available to birds and equally utilised by them. Only a handful of 
. .. . ' ·.. ' ' . .. . 

bird species has r~sh·icted the1nselve~ to specific habitats. Presence 

of a wide variety of species-such as woodpeckers, flycatchers, tits, 

drongos and warblers indicates the richness of woodland birds in 
.· ' . 

the area. 

There was a distinct pattern of migration·. among the 

migratory" birds but showed poor relationships with habitats. 
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Significant seasol1al changes atnong the guilds revealed that 

seasons, forest types and habitat conditions influenced respective 

migratory groups/feeding guilds. In the present study principal 

component analysis helped to draw the relationship between the 

habitat quality and the feeding guilds. The analysis of relationship 

between the habitat condition and bird community represented a 

strong relationship between the guild and to the available habitats. 

High complexity in the habitat brought about more heterogeneity 

In the birds species composition. Moreover, significant 

relationships between the bird species diversity and richness with 

tree species diversity and richness have given ground for the use of 

bird as an indicator species for overall biodiversity assessment. 

Moreover, the· feeding guilds such as insectivores, rtectarivores, 

granivores ·and otrulivores showed specific habitat choice. These 

feeding guilds represented as highly potential predictor for habitat 

quality. 

A total number of 391 butterfly specimens belonging to 49 

species were recorded in the study area. Nymphalidae (47%) was 

the dotninant group followed by Papilionidae (24% ), and Pieridae 

(18%). A linear decrease in the diversity along the altitude was 

observed. One of the reasons for such decrease could be due to the 

temperature variations along the trail, which is an important factor 

for the survival of butterfly (Brakefield 1992). The recorded d_ata 
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revealed that the lower forest as well as the open canopy condition 

were better habitat compared to upper forest or closed canopy 

conditions. This finding is contrary to r~port of Hill et al. (1995) 

who are of the opinion that the greater species richness in 

unlogged forest is due to greater vegetation cover with more shade 

and when there is no distin~t differences in the vegetation 

structure. 'Therefore; it was assumed that such variation in habitat 

-:1-f;;: . conditions might have brought about the differences. 
-.' 

Butterfly species richness, its diversity and ev.enness were all . 

. significantly higher at the open canopy compared to closed canopy 

forest at LF. Decrease in diversity at the open canopy forest 

suggests that the 1:Jutter~ly use the open canopy forest where the 
' . .· . ' : . . . . . ,· ' 

diversity oftree species is higher. Some previous studies have also 
' •' ~ ' . ' ' 

demonstrated such reduction_ in diversity following more extreme 

form of forest disturbance (Raguse & . Llo!ente-Bousquets ~ 990, 

~ Holloway et al. · 1992). , The significant. relationship· between 

butterfly diversity indices and tree diversity indices suggests that 

there is a strong 'interaction between the two groups (Hill et al. 

1995). 

Significant correlation among trees, birds and butterflies 

suggest tl).at the. bird or butt~rfly study surrogates to each other. 
. .' . "' 

But, such type of relationship may not be consistent and some 

differences may come due to variation on· geographical feature, 
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weather and the vegetation types (Pearson & Cassola 1992, Blair 

1999 Flather et al. 1997). 

Usefulness of target taxa in monitoring such natural areas for 

biodiversity assessments are well documented and supported for 

suitability of bird and butterfly in biodiversity assessment _(Kremen · 

1992, Pearson & Cassola 1992, Debinski & Brussard 1994). In the 

present work, butterfly community structure could show a distinct 

variations even between the open and closed canopy condition 

which was not much convincing in the case of bird community 

(Chapter VI). This finding has suggested that butterfly are more 

sensitive_to the habitat disturbance compared to the bird (Debinski 

& Brussard 1994). 

Conservation implications 

Yuksam-Dzongri trekking corridor IS an important 

destination for tourists: The tourism related activities such as 

trekking and training · courses ·of Himalayan Mountaineering 

Institute (HMI) provide substantial economic support to the local 

people. The growth in touris1n and the population have brought 

about considerable pressure in the natural resources of this area. It 

is evident that human disturbance hold special importance as it 

opens up the canopy systern to invaders and modify the sequence 

of ecological development so that dominant species can reproduce 
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and other species can invade (Metz 1997). But the pressure so far in 

the area seems to be severe as some specific firewood '(Quercus 

spp., Castanopsis spp., Rhododendron arboreum, R. barbatum and 

Betula alnoides) and timber species (Michelia excelsa, Castanopsis 

tribuloides and Abies densa) in the corridor have considerably 

reduced in their number. Wide area of the trekking corridor have 

already turned into as an open forest and the local community 

have already downgrade their species choice for firewood from 

Q·uercus spp., Symintonia populnea, and Castanopsis spp., to Eurya 

acuminata and Alnus nepalensis. Fodder scarcity in the high altitude 

areas during the winter is not the new problem. Wildlife sightings 

in the area reduced considerably in recent years. Therefore, a 

concise and proper management policies are needed to maintain 

the natural cornucopia. Sotne of the recommendable itnplications 

are appended below:-

• The pressure of fuelwood, fodder and timber by the community 

and the touristn enterprises should be tninilnised since the 

human disturbances in forest beyond replenishing capacity of 

forest ecosysten1 leads to non-linear or irreversible ecological 

disaster. Therefore, proper monitoring of resources is 

recommended. 

• ·A regulated tourist flow within the carrying capacity should be 

followed to minimise the acute pressure and space crisis 
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specially at the high altitude areas such as Tshoka, Dzongri, 

Base camp, Thansing etc. 

• Government of Sikkim should strengthen the local NGOs such 

as Khangchendzonga Cons·ervation Committee to regulate the 

tourist flow, compliance to the code of conduct by the tourists 

and their support staff, illegal felling, poachir~g, high valued 

medicinal plant extraction and the garbage management in the 

area. 

• The Biodiversity Conservation Network (BCN) hypothesized 

that enterprise based ecotouris1n conserves the biodiversity. 

During Sikkim Biodiversity and Ecoutourism, the above 

hypothesis wa·s · tested at Yuksam. · As a result, it was 

experienced that such initiations may conserve the biodiversity 

when certain conditions provide support. A follow up programs 

for skill develop1nent training to the locals, off seasori vegetal?le 

farming and a major awareness campaign should be carried out 

by the concern departments and the local NGOs. 

• A regulated resources extraction within the threshold level 

should be followed as it enriched the biological diversity when 

they are at intermediate level. Such intermediate disturbance 

also benefits birds. 
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• Yuksan1-Dzongri corridor possesses a tnixture of habitat types 

for birds and butterflies. Conservation of habitat of these, which 

are integral part of the ecosystem, probably can be achieved 

only through adaptation of management practices by assessing 

approximate natural disturbance events. Therefore, the concern 

departments should come up with sh·ategic plan to monitor the 

status of resources and the impact of tourism in these natural 

resources in a regula! manner. 

• The deployed staff of forest and tourism departments should be 

trained regularly for the assessment of biological diversitx. 

Information of sightings of animals from tourists, support staff 

and yak and sheepherder should be gathered to compromise 

with the crises of manpower. 

• A heterogeneous habitat types such as open forest, scrub land, 

grassland, dense forest etc. are needed to be maintained for the 

bird and butterfly diversity as various guild showed different 

habitat choice. Otherwise, one guild could be maintained only 

with the expense of others. Therefore, a constant pressure in one 

particular forest area should be avoided as it brings about 

degradation of habitat. 

• Some important components of the stand structure following . 

disturbance are availability of food resources for granivores. 
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Therefore, forest managers are suggested to adjust resource 

extraction by the community in such a way that both food 

resource productivity and habitat complexity (vertical 

stratification) are maintained. 

• The easiest strategy as regular monitoring of birds or butterflies 

is also recommendable as they indicate the. health of the forest 

they live in. 

• The conservation· of biological diversity, ·protection and 

maintenance of ecosystem and habitat heterogeneity are 

important rather than attempting- to protect one species at a 

time. Therefore, a comprehensive and long tenn monitoring 

with an enormous amount of effort and variety of strategies are 

required to know the functional ecology of forest and their 

relationship with the coexisted species at landscape level. 

~ , • Bird and butterfly can be an important tool in the natural area 

management where there are time and funds constrains. Simple 

records of butterfly or birds can be use to predict the quality of 

habitat as they showed strong correlation and also can surrogate 

other taxa until there is no drastic change in vegetation types or 

the microclimate due to major geographical 
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Yuksam-Dzongri corridor forest 

Human disturbances 
Fuel wood, fodder and timber 

extraction estimation 

1 
! !-

I Lower forest I I Upper forest I 
..L ! 

! !-

I Utilised/open I I Un-utilised/closed I 
1 ! 

! 
! ~ !-

Diversity indices Woody biomass standing Regeneration status 
and forest profile state, productivity and 

extraction 

I Habitat quality I 
l 

J, ~ 
Bird community and Butterfly community and 

habitat association habitat association 

! !-

Interpretation and management 
implications 

Fig. 9.1. Flow chart showing target components (italised) dealt for the assessment 
of habitat for bird and butterfly communities and their associations. 
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Fig. 9.2. Fuelwood pressure and project interventions: research and monitoring 
plan (HEP = Hydro Electric Project; HMI = Himalayan Mountaineering Institute) 
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