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Discussion 

Biological resources provide the basis of life. Human has been using vast reserve of 

biological resources for various purposes to meet their daily requirements. These are freely 

available for exploitation and development. People now, have come to realise that the 

biological resources have limits and people are exceeding the limits (Me Neely et al., 

1990). The dramatic increase in the global population has depressed the biological 

resources and is causing great concern among the conservationists and resource-managers. 

Unprecedented and steadily accelerating rates of deforestation, changes in land use, along 

with forest degradation and fragmentation, present a major threat to biodiversity in forested 

areas (Ehrlich and Ehrlich, 1981; Wilson, 1985; Ehrlich and Wilson, 1991; Soule, 1991; 

Bawa and Dayanandan, 1998; Stanturf, 2004; Gorenflo and Katrina, 2005). The resources 

are getting depleted at an alarming rate. More and more species are becoming extinct. 

Today, many of the organisms inhabiting the earth's surface are facing mass extinction 

even before coming to notice of the people. 

Darjiling hills, which is now part of Himalayan Hotspot (CI, 2005) is well known for its 

floristic richness and high levelr of endemism (Das, 1995; Bhujel, 1996; Bhujel and Das, 

2002). The Darjiling Himalayan landscape with variable topography supports numerous 

microclimatic habitats. It covers most of the major types of vegetation including tropical, 

Sub-tropical, Temperate and Sub-alpine (Champion and Seth, 1968; Puri, 1960; Bhujel, 

1996). Eastern Himalaya has been the meeting ground for diverse flora of the region since 

its origin (Shrestha, 1982; Das, 1986). Extreme variability of habitats and climate of the 

region have provided an ideal home to diverse flora and just conditions for speciation and 

the evolution of species is still in process (Das, 1995). With the rapid increase in the 

population and the rampant development such as construction of roads, dams, extension of 

human settlements and cultivation are taking a heavy toll on the native vegetation. More 

and more areas are getting deforested with patchy landscape. Fragmentation of landscape 

has led to the loss of many endemic and valuable species. The four conservatoires of the 

hills housing rich biodiversity also shows significant level of human interference that is 

directly affecting the survival of their flora and fauna. 
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Last few decades saw the vegetation of Darjiling hills undergoing a rapid change in their 

composition and structure (Bhujel, 1996; Das, 1995, 2004; Das and Lahiri, 1997). Land 

use change i.e. deforestation is considered as most important factor for the loss of 

biodiversity. Fragmentation and habitat loss are the serious consequences of such activity 

affecting biodiversity. Introduction, escape and naturalisation of exotic species are also 

exerting tremendous pressure on the structure of local vegetation and on the survivability 

of numerous indigenous species. Officers of the British Government in India sometimes in 

early 201
h century sprayed the seeds of Cryptomeriajaponica on different areas in Darjiling 

Hills, which in course of time has modified the forest structure. Fire (that too is 

anthropogenic) is another factor that has greatly affected the forest ecosystem. Grazing yet 

posses a great problem not only in low elevation hills but it is also very prominent up to the 

highest altitude (i.e. Phalut 3660 m) in the district. Practice of monoculture of broad leaved 

and conifer tree species has also lead to the destruction of natural habitat (Das, 1998; 2004) 

in wide areas. All these factors have influenced to the negative alteration of the habitat for 

native species , those considered as wealth and pride of our vegetations . 

Vegetation of Darj iling region has undergone a tremendous change over the past 5 decades 

since Champion and Seth (1968) made a detail account of forest types of India. Since then 

only fragmentary reports on the vegetation of Darjiling are available. Detailed inventory of 

the vegetation with various ecological and landscape parameters will lead to the 

formulation of important plans by conservationists, ecologists, and decision makers. 

Remote sensing and GIS techniques have been extensively used for mapping spatial 

distribution of important habitats in many areas (Tomar, 1998; Roy, 2002; Kushwaha et 

a!., 2002; Behra, 2000b; Singh and Roy, 2004; Singh, 2002, 2004; Singh eta!. , 2002a,b, 

2003; Singh et a!, 2005). Landscape principles can form important basis to evolve 

management strategies in such biologically rich sites. The disturbance regime incorporates 

paramet~rs like landscape elements and human interventions to the existing vegetation. 

Disturbance index image obtained gives a clear picture of both anthropogenic and natural 

disturbances and their spatial extent at various levels . It reflects the percept of threat level 

on vegetation. The map shall be useful for managers and decision makers for various 

conservation measures to pacify or to reduce the disturbances . A multi-criteria approach 

using economical, ecological and taxonomic importance of the biodiversity has been 

adopted to derive biological richness map successfully. The biological richness map, which 
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is first of its kind prepared for the Darjiling district may be used in numerous ways for 

conserving and maintaining the gene pool of the region. Different maps prepared 

highlighting importance of the vegetation are also expected to be useful in biodiversity 

conservation planning and management. 

6.1 Vegetation mapping 

Vegetation inventory and characterisation is the primary and the most essential step in 

formulating conservational goal at global, regional and local level. Maps generated give a 

quick overview of the present status and has proved immensely helpful. Remote sensing 

and GIS techniques are effective tools to realise this need. Of the different techniques 

visual interpretation techniques are widely used for operational mapping of vegetation and 

land use (Tomar, 2000; Behera, 2002). High diversity and spatial heterogeneity of the. 

forest create problems in digital classifications; moreover, interpretation using visual 

methods provides higher accuracy (Tomar, 2000) because user can synthesise and decide 

based on the knowledge and experience, thus bringing meaningful classes. The revised 

classification of forest types of India by Champion and Seth (1968) is the basis for the 

vegetation mapping in the Darjiling hills. As stated above the advantage of visual 

classification, vegetation mapping of the Darjiling hills was done based on visual 

interpretation technique of satellite imagery. 4 scenes of IRS-1D LISS III data (Table 4.1) 

have been used to classify the vegetation, which was digitally mapped at 50,000 scale and 

an output generation of 1: 250,000 scale was generated to assess the land use/ land cover 

map ofDarjiling hills (Fig 5.1). Assessments ofthe different land use classes are important 

and greatly help in determining various factors involved in controlling the distribution and 

diversity of species. A separate forest and non-forest map was prepared to assess the forest 

cover for the hills (Fig. 5.2). Fig 6.1 shows that Darjiling hill has only 47.44% of forest 

cover, which is still short of 12.46% against recommended 60% for the hills. 

Altogether 23 land use/ land cover classes were identified and mapped, 16 classes 

belonged to forest and 7 to non-forest classes including cloud and shadow as a rejected 

class (Table 5.1). Eight dominant phenological types, along with degraded, plantations 

(Teak and Cryptomeria plantations) and general edaphic and seral types could be 

delineated. Champion and Seth (1968) have reported eleven such forest types in their 

revised forest types classification (Table 5.2). These include Tropical Semi-evergreen 

Forests, Himalayan Sal Forests, Moist Mixed Deciduous Forests, Riverine Forests, Sub-
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tropical Broad Leaved Forests, Wet Temperate Forests, Temperate Broad Leaved Forests, 

Alnus Forests, Conifer Forests, Sub-alpine Scrub vegetation and Bamboo Brakes. Among 

the dominant phenological types, Wet Temperate Forests, Sub-tropical Broad Leaved Hill 

Forests and Moist Mixed Deciduous Forests occupying large and continuous tract of the 

hills. Eight forest types also showed significant proportion of forest holdings with more 

than 10 km2
, and the rest 5 forest types are with small areas having less than 1 0 km2 areas 

(Fig. 6.2). It is observed that majority of the settlements are concentrated along the sub

tropical zone. Therefore, sub-tropical broad leaved forests are under greater pressure from 

various anthropogenic activities. 

Barre n Land 
0.36% 

Agriculture 

30.62% 

Tea G arden 

15.57% 

0 .8?o/ o C loud and shadow 

C inchona 
Plantation 

1.69% 

1.65% 

Fore st 

47.45% 

Fig. 6.1 Percentage of area occupied by different land use categories of 
Da.Ijiling district. 

wr 
26.72°1. 

Fig. 6.2 Percentage of area for phenological class 

TSE: Tropical Semi-evergreen Forests; HS: Himalayan Sal Forests; MMD: Moist Mixed Deciduous Forests; Riv: 
Riverine Forests; STBLH: Sub-tropical Broad Leaved Hill Forests; TBL: Temperate Broad Leaved Forests; WT: Wet 
Temperate Forests; Aln : Alnus Forests; Con: Coniferous Forests; SAS: Sub-alpine Scrubs; BB: Bamboo Brakes; Rho: 
Rhododendron Forests; OS: Open Scrub; Cpl : Cryplomeria Plantations; Tpl: Teak Plantations; Deg: Degraded Foresta. 
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Forest Survey of India has digitally mapped the forest cover of Darjiling district and 

recorded 70.53.00%, where hill shares major part of the district forest (FSI, 2003). In the 

present study, 16 forest types have been mapped covering 1057.26 km2 that constitutes 

47.44% ofthe total geographic area of the hill (2228.13 km2
). This, however, excludes the 

Cinchona plantation that contributes 1.23%. High percentage of forest cover reported in 

the FSI report may probably due to inclusion of tea gardens under forest, which is difficult 

discriminate on the basis of spectral signature especially in the hills. The differences in 

area values are also due to different classification schemes and treatment of various land 

cover and land use classes as 'Forest'. 

6.2 Community analysis 

Distribution of species diversity and species richness by means of species count has long 

been used to characterize the structure of communities. They serve as an important 

surrogate for determining and estimating biodiversity (Sarkar and Margules, 2002). 

Analyses of the results of various diversity indices indicate Sub-tropical Broad Leaved Hill 

forest to be very heterogeneous. The forest type exhibits highest values for Shannon

Weiner and Menhinick 's Index of species diversity and richness with correspondingly low 

concentration of dominance (Simpson's Index). This is followed by Himalayan Sal and 

Tropical Semi-evergreen Forests (Fig. 5.3, 5.4 and 5.5 and Table 5.5) with significantly 

high species diversity value. Other forest types were observed to have moderate values 

though showing a good floristic diversity. The high species diversity value for sub-tropical 

broad leaved forest can be attributed to location of this vegetation in climatic ecotonal 

zone, where floras from both higher elevation and the plains are found in abundance 

leading to rich diversity. The climatic condition of this zone supports species having wide 

ecological amplitude both from temperate and the tropical zones. A similar observation 

was made by Behera (2002) for Subansiri district in Arunachal Pradesh. The Tropical 

Semi-evergreen Forests, where species diversity is supposed to be highest, nevertheless has 

comparably good diversity as is expected of tropical vegetation. The degraded categories 

(Bamboo Brakes and Degraded Forests), on the contrary, showed low Shannon-Weiner 

Index, Menhinick Index with correspondingly high concentration of dominance as is 

expected of a degraded vegetation. Low species richness value for these two forests is the 

result of excessive anthropogenic interference and aggressive invasion by bamboo 

population that has come up after clear felling (Rai and Das, 2005). A similar observation 
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was made for plantation forests also. The monoculture plantation forests have to a large 

extent played a negative role in the distribution of the naturally· occurring local species. 

Fig. 6.3 shows the trend of diversity indices in different forest types. 
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Fig. 6.3 Comparative account of diversity indices in different forest types 

The highly variable topography and wide variety of microclimatic conditions have resulted 

into a very heterogeneous habitat. The species distribution pattern in the hills of Daijiling 

shows an interesting picture. It indicates that the region is extremely rich in phyto

diversity. A large number of species are distributed sporadically throughout. With little 

change in altitudinal and habitat conditions, almost a new set of species is selected for that 

particular area. Results of floral analysis exposed that the entire hill district is very rich in 

species composition. Distribution of different species in all habit groups shows a distinct 

picture (Fig 6.4). In the higher elevation, the herbs contribute majority of the species; tree 

and shrub species forms a miniscule number. However, in the lower hills, number of tree 

and shrub species shows greater preponderance compared to their upper hill counterpart. 

With respect to the distribution of taxa, Himalayan Sal Forests showed an upward trend, 

where number of species for the entire habit group was observed to be highest (Table 5.3b 

and Fig. 6.5), with and comparatively high number of individuals. Wet Temperate Forests 

are only next to the Himalayan Sal Forest showing equally rich species composition. The 

herbaceous flora also dominates this vegetation. Moist Mixed Deciduous Forests is also 

very diverse with respect to species composition. The degraded category and plantation 
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forests, though, shows good assemblage of plant species, but are poor in species diversity 

and richness. Large number of species may be due to that it may be due to introduction and 

naturalisation of a number of exotic species. 
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Fig 6.4 Number of species in habit group of different forest types 
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Fig. 6.5 Distribution oftaxa in different forest types in Darjiling hills 
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Tree stand density per hectare was calculated for 14 vegetations. Maximum values were 

recorded for the Conifer Forests, Cryptomeria Forests and Rhododendron Forests (Table 

5.4). This indicates undisturbed nature of these forests with luxuriant growth of these 

vegetations. Thick impenetrable undergrowth of Arundinaria racemosa largely restricts the 

easy movement of humans and animals. This has led to little interference by biotic and 

other environmental factors that have resulted in an undisturbed condition of these forests. 

In the lower hills, however, Sub-tropical Broad Leaved Hill Forests, Himalayan Sal Forests 

and the Moist Mixed Deciduous Forests recorded maximum stand density thereby 

indicating a very good and vibrant vegetation that are in the developmental stage. Other 

forest types are also shows good health, maintaining high stand density, except for Teak 

Plantation and Alnus Forests. However, the values calculated are less compared to what 

Kapoor et al. (1989) had reported for the forests of Dmjiling hills. The vegetation since 

looks significantly degraded for the last 16 years. Degraded Forests and Bamboo Brakes 

show highest stand density. This is due to the presence of dense culms of Dendrocalamus 

hamaltonii Munro. However, with respect to woody species it has the least stem density as 

is expected for disturbed vegetation. Similarly, computation of total basal area (m2/ha) 

shows maximum values for the upper hill forests (Table 5.4). Highest value was calculated 

for Conifer Forests followed by Temperate .Broad Leaved Forests, Rhododendron Forests 

and Wet Temperate Forests. High basal area in a forest is indicative of more mature forest 

(Ilorkar and Khatri, 2003). Low basal area values for lower hill forest types are indicative 

of developing/ or degrading nature. But these values are comparable to the values reported 

by Kapoor et al. (1989). The two degraded forest types show the least values for total basal 

area. This is particularly true from the fact that trees at a harvesting girth class are almost 

absent due to logging for timber extraction. Young trees with small girth and few large 

trees of least timber value have contributed to the basal area in these forests. 

Computation of Similarity Index among various forest types shows a wide range of values 

(Table 5.6). Various microclimatic conditions prevailing throughout the hills are 

responsible for such a difference in species composition. Permutation-combination of 

different forest types shows only few vegetations sharing high species similarity. Highest 

value was recorded for Wet Temperate Forest and Temperate Broad Leaved Forest with 

79.98% followed by Rhododendron forest and Sub-alpine Scrub vegetation with 67.86% 

This is followed by Moist Mixed Deciduous and Himalayan Sal and degraded forests and 
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Bamboo Brakes; each pair sharing more than 60% similar species. Sharing of same 

climatic zone with similar ecological niche and other external factors, such as human 

perturbations has resulted in higher similarity values among these forest types. However, 

there are significant numbers of vegetation showing low similarity coefficient each with its 

own peculiar vegetation. These vegetations show in many cases an almost entire set of new 

species, which has resulted in low values. This is probably mainly due to 

(i) Extremely high biodiversity of the area 

(ii) Difference in microclimatic conditions such as soil, humidity, temperature, 

rainfall, aspect etc. that seem to be different in these forests 

(iii) Anthropogenic factors are playing a great role in modifying the ecosystem. 

Girth size of an individual in vegetation provides indirect clue to the degree of its 

interaction with different biotic factors and consequently reflects health of the forest. 

Individuals in higher girth class indicate a mature forest whereas higher number in lower 

girth size is indicative of developing vegetation, which may be of secondary nature. 

Distribution of 3072 individuals in 14 forest types in different girth class shows a gradual 

decreasing pattern with increase in girth class for all forest types except Alnus Forests and 

Teak Plantations (Fig.6.6). Wet Temperate Forests and Temperate Broad Leaved Forests 

also show a high percentage of individuals in the highest girth class compared to other 

forest types in the same category. The Himalayan Sal Forest too shows a similar trend. 

These forests are mature and are least affected by human perturbation. This is evident from 

the Disturbance Index map (Fig. 5 .16). Rhododendron Forests shows an interesting trend, 

where the regenerating class (<50 em girth class) is lower in number. Most of them are 

contributed by the small mid~le canopy trees species (Annexure I, Table 11). Thus this type 

of forest too can be inferred to be matured (Fig 6.6). A similar trend is seen in the 

plantation forests (Teak and Cryptomeria) and Alnus Forests, where maximum numbers of 

individuals are seen in the higher girth class (Table 5.9). Rest of the forest types, however, 

shows a general trend with maximum individuals in the lower girth class and gradually 

decreasing pattern in higher girth classes. High percentage of individuals in lower girth 

class is indicative of rapidly regenerating forest ecosystem (Fig. 6.7). It has been observed 

in the field that elimination of individuals in higher girth class by various anthropogenic 

activities, and natural influences has paved the way for the favourable development of 
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seedlings and saplings. Generally, such conditions are evident along the fringes of human 

habitation, which are greatly exposed to various anthropogenic pressures. This type of 

pattern in the forest ecosystem is particularly prevalent due to different age and is in 

confirmation with Spies & Turner (1999), where the proportion of various classes across a 

landscape and over time is one of the fundamental characteristics of the vegetation mosaic. 
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Fig. 6.6 Number of individuals in different girth class in the forest of Darjiling hills 
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6.3 Landscape analysis 

Landscape analysis is important since most of the ecological process is governed by 

various landscape parameters. Patch character, fragmentation, porosity, juxtaposition and 

dispersal ability of a species determines the nature of vegetation. Vegetation type map 

derived from satellite remote sensing was subjected to landscape analysis for 

understanding various landscape parameters. The hill of Darjiling was found to be under 

low level of fragmentation. High levels of fragmentation are particularly discernible along 

the settlement and road sides where extensive human activities are taking place. The mid

elevation shows considerable biotic interferences. Fragmentation image shows about 

17.79% of the study area to be fragmented (Fig 5.10 and Table 5.11). Protection provided 

to 4 conservatories within the hills (2 National parks viz. Singalila and Neora Valley and 2 

WLS viz. Mahananda and Senchal) have significantly reduced the biotic activity and hence 

reduced fragmentation, this has been instrumental in the overall low level of fragmentation 

in the study area. Moreover, reserve forests with highly difficult terrain have pervaded 

human intervention. The conservatories and inaccessible areas in the lower elevation show 

undisturbed forests due to least biotic interference and other such favourable natural 

factors. Fragmentation level is seen to be high in areas closer to settlement, roads and 

places where agriculture is in practice. This is corroborated by patchiness map (Fig 5.11 

and Table 5.12) where large portion of the forest falls under low level ofpatchiness. Only 

6.36% of the study area shows moderate to high level of patchiness for the hills. This is 

indicative of undisturbed and homogeneous nature of the forest. The porosity analysis for 

three dominant phenological forest revealed that Sub-tropical Broad Leaved Hill Forests 

have significantly high porosity value than the other two types (Fig 5 .12a, b and c and 

Table 5.13). Thus this forest is heavily under pressure from anthropogenic and natural 

disturbances. There is every likely chance for these forests being wiped out in near future. 

This can be expected and is easily understood from their close proximity to human 

settlements, which is constantly modifying these forests. This has been corroborated from 

the field observation too. 

Analysis of interspersion shows 36.85% ofthe total hill area to fall under low level. This is 

indicative oflow species dispersal (Figure 5.13 and Table 5.14) and shows that the forests 

are homogeneous with respect to species composition. The spatial intermixing of all 

classes was not uniform. Only 12.30% of the remaining area shows moderate to high level 
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of interspersion. This can be related to simultaneous access to different cover types and 

species number found on the border between land cover types (Lyon, 1983). Juxtaposition 

depicts various levels of associations among various land cover classes and gives an 

insight into the connectivity of forest. This parameter is derived from the ground truth data, 

which gives better perspective of the ecological functioning. The juxtaposition image (Fig 

5.14) reveals very high levels for the Moist Mixed Deciduous Forests, Himalayan Sal 

Forests and Wet Temperate Forests. 

6.4 Disturbance index 

Disturbance is rampant throughout the world. In the present study six landscape parameters 

derived disturbance image shows high level of disturbance in the forests of Darjiling hills 

(Table 5.16). Various human induced factors such as extension of human settlement, 

logging, clearing of forest for cultivation, construction of roads through forests, influx of 

tourist and natural factors including dispersal ability, have considerably altered the natural 

ecosystem. These are reflected by high disturbance value. Major part of the forest (662.80 

km2
) constituting 29.75% of the district shows disturbance. High levels of disturbances 

were observed along the fringes near human habitation, along roads and near dry river beds 

which acted as trails/ paths. The disturbance image reveals that the entire mid-elevation 

region to be highly disturbed. The 4 natural conservatories, which are supposed to be least 

disturbed too shows varying level of disturbances (Fig 5 .16). Senchal Wild Life Sanctuary 

is the most affected of all. Singalila National Park, a popular trekking trail is only slightly 

better. Only the core region of the park is in pristine condition. The Mahananda Wild Life 

Sanctuary and Neora Valley National Park are better compared to the other two 

conservatories. Interestingly, the Moist Mixed Deciduous Forests in the reserve forest 

category along the southern side shows intact forest cover with low disturbance. This tract 

of forest land too can be brought in the ambit of protected area network before they are 

lost. The Sub-tropical Broad Leaved Hill Forests shows high level of disturbance, as this 

forest type is located near to human habitation. 

6.5 Biological richness 

Detailed mapping of Biological richness has been carried out for the Darjiling hills. The 

approach adopted in the present study is an integrated one that includes economical, 

ecological and taxonomic importance of the biodiversity. Biological richness map prepared 

(Fig. 5.17) reveals high altitude vegetation to be biologically richer. Wet Temperate 
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Forests and Himalayan Sal Forests are richest in biological resources. The Moist Mixed 

Deciduous Forests, Temperate Broad Leaved Forests and Conifer Forests were also 

observed to possess high biological richness. Sub-tropical Broad Leaved Hill Forests show 

moderate richness. Plantation forests (Teak, Cryptomeria), Riverine Forests, Alnus Forests 

and Bamboo Brakes show low richness. The Open scrub shows the least richness. The non

forest classes, river bed and snow and cloud are shown separately. The biological richness 

map has shown a clear pattern, which cannot be judged without a critical understanding of 

the whole spectrum of phenomenon responsible for it. 

6.6 Conclusion 

The present study was made on two aspects viz. (i) Analysis of satellite imagery and (ii) 

ground truth data. Both type of studies exposed the degraded nature of forests. 

Fragmentation and anthropogenic disturbances are the immediate cause. But the basic 

vegetation and flora of the region is unique scientifically and emotionally important. 

Therefore, it is important to conserve the flora and vegetation. Government planned for 

conservation through the establishment of two National Parks and two Wildlife 

Sanctuaries, in addition to reserve forests. But none of these are free from anthropogenic 

interferences. For the benefit of human society and for the existence of biosphere like any 

other vegetation of the world, vegetation of Darjiling are to be covered with intact 

protective blanket through imposition of existing rules, framing necessary new rules and, 

of course, their proper and effective implementation. It is also important and necessary to 

declare all the reserve forests with good standing vegetation as protected areas, clearing 

illegally occupied areas and returning the land to the forests. 

Remote sensing based vegetation cover map will provide valuable information regarding 

various vegetation types of Darjiling hills and their exact location, density, area etc. All 

these information are the basic requirements for devising any strategy on the conservation 

and for long term maintenance of biodiversity of this important bio-zone. Such studies will 

help to identify areas having high biological richness. The disturbance map and the 

biological richness map will help to plan and manage natural reserves, determining 

corridor planning for wild life, demarcating and implementing buffer zones for the 

protected areas, etc. It is expected that this method of vegetation assessment using remote 

sensing and GIS will enable rapid appraisal and monitoring of biodiversity in years to 

come. 
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