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Chapter 05 

Objective- 02 

To study of the potential forest communities and habitat 

composition of Himalayan pheasants along potential 

altitudinal gradients 
 

5.1. Background 

 
An interaction between animal and its habitat is directly associated within and 

between the ecosystem and their environmental gradients, which is a vital area of 

research in the present scenario for biodiversity conservation assessment theme 

(Chhetri et al., 2017). The Himalayas has a wide altitudinal variation (c.300-8000 m 

asl) including many biogeographical realms along with high altitudinal amplitude, 

high slopes and climatic condition (tropical hot to arctic cold), are driving forces for 

high variation in vegetation type even a small distance. The quest to understand the 

pattern of vegetation composition structure, its diversification, pattern of change, and 

the forces behind its diversification along the altitudinal gradients as well as in 

different climatic condition has always added the fuel to the researchers for the 

intensive field studies all over the world (Sinha et al., 2018). Even many regions of 

Himalaya are under-surveyed or un-surveyed due to their tough topography and harsh 

climatic condition (Chhetri & Badola, 2017); although, the works of Darwin, Wallace, 

and Von Humboldt are considered to the primary initiatives taken to analyze the 

change of natural world along elevation (Lomolino, 2001). The study patterns in the 

Himalayan region in the present scenario are getting deeper into finding the relation 

of the variation of the vegetation composition structure to various spatial and  
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environmental gradients (Acharya et al., 2011) under the impact of climate change 

(Gaire et al., 2014). Although, the species composition and richness depend directly 

on the altitudinal factors like temperature and air pressure, and factors independent to 

altitudinal variations such as precipitation and cloud cover (Kromer et al., 2013). 

Globally, biodiversity is under pressure by climate change and anthropogenic 

pressures, which affect both floral and faunal components, which further, may 

increase the risk of vulnerability as some of the species show the extremely poor level 

of adaptation to altered habitats (Lovejoy, 1986; Vermeij, 1986). Therefore, 

threatened habitat alternation suggests the certain habitats and species are shown the 

high level of risk of extinction (Terborgh & Winter, 1980; Slobodkin, 1986; Dunn et 

al., 2016). In Sikkim Himalayas, it has been observed that many threatened birds 

species found of the landscape of which most of them are confined to restricted 

elevation range of the region (Acharya et al., 2011) for their specific ecological niche 

requirements (Chhetri et al., 2017). Due to anthropogenic pressure, habitat 

fragmentation along with climate change within a restricted range of these birds are 

becoming more sensitive and vulnerable, hence the immediate task needs to formulate 

their improved conservation and habitat management strategies, especially in 

protected areas (Basnet & Badola, 2012; Chhetri et al., 2017). Therefore, the study on 

pheasants‘ diversity, distribution, and abundance alone without understanding their 

habitat synchronization would be inadequate for complete and quality research 

because either is ecologically inter-related. 
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5.2. Materials and Methods 

 
5.2.1. Area recognized for the study 

 Sikkim is a part of Eastern Hindu-Kush Himalayas, are contiguous 

with one of 34 global biodiversity hotspots (Mittermeier et al., 2004). The elevation 

gradients start from 300 to 8586 m asl, with a beautiful picturesque landscape of the 

guardian deity of Sikkim, the Mt. Khangchendzonga (8586 m asl), the third highest 

peak in the world,  and comprising many protected areas, including 

Khangchendzonga Biosphere Reserve (KBR), which recently inscribed as the World 

Heritage Site on 17 July 2016 by UNESCO (United Nations Educational, Scientific 

and Cultural Organization), with a geographical location of 27°15‘-27°57‘ N latitude 

and 88° 02‘-88°40‘ E longitude is an important protected area for the conservation of 

biodiversity, highly enriched  flora and fauna, unique in its geographical terrains and 

with immense natural beauty in the Himalayan Region. The core zone of KBR, as the 

Khangchendzonga (High altitude) National Park, a major transboundary area, 

represents unique habitat zone and high endemic flora and fauna. The biosphere 

reserve falls in the North and West districts of Sikkim state in the north-eastern region 

of India, neighbouring Nepal in the west and China (Tibet) in the north-west (Badola 

& Subba, 2012). KBR is represented as one of the richest plant diversity centres in 

Himalaya for its unique geographical location covering from sub-tropical to arctic 

region. A wide range of physiography and eco-climate gradients have fully expressed 

them for providing a rich gene pool of both wild and cultivated plants species. Many 

plant species from the neighbouring region and far off countries namely Nepal,  
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Bhutan, China, Tibet, Myanmar, Malaysia and to a lesser extent to Peninsular Indian 

affinities as well as a good number of endemic species are met within this reserve and 

can be broadly classified in subtropical, temperate and alpine forest types. In KBR, 

the Yusom-Black Kabru (Dome) transect in West Sikkim and the Tholung-Kisong 

transect in North Sikkim were identified to access habitat composition of the 

Himalayan Pheasants. In both the transects, c. 1800-4300 m asl altitudinal gradients 

were covered to assess the habitat composition of the Himalayan Pheasant of the 

KBR. 

5.2.2. Collection of relevant information 

At first, secondary information was collected from the extensive review of the 

literature and institutional libraries on Khangchendzonga Biosphere Reserve, as well 

as by taking local perceptions of the people who are related to KBR. The secondary 

data whatever possible was collected. Based on field visits and interactions with 

native people who are inhabitants in the buffer and transition zone (western and 

northern part of Sikkim) of the Khangchendzonga Biosphere Reserve, two major 

transacts were identified for the biodiversity studies in the wilderness. These are, 

Yuksom- Mt. Black Kabru (Dome), located in West district of Sikkim and Tholung-

Kisong transect in North district of Sikkim. The field studies were conducted in the 

landscapes for recording information about the study of the vegetation and 

biodiversity. The help of local folks especially guides and porters were taken for their 

perception on various changing patterns, besides primary observations.  

5.2.3. Field sample collection 

Woody vegetation composition structures were studied using stratified random 

sampling in the target sites. The potential transacts for vegetation was laid down  
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random; stratification and depending upon the requirements, different sites were 

identified based on homogeneity composition of forest and altitude. For the trees, 10 

quadrats of 10 mx10 m size at each site were laid down,  within each 10 m x10 m 

quadrat, 5mx5m size were taken for the shrubs and the sapling,  for the seedling 10 

quadrats of 1mx1m size were taken. While sampling, due care was taken to sample 

the most representative area for each site.  

5.2.4. Climate data collection 

Due to tough topography of the mountainous landscape and lack of weather 

stations in the study area the climate data for the exact targeted site along the 

altitudinal gradients were not available. Therefore, the necessary climate data were 

downloaded for the study area from Global Weather data for SWAT 

(http://globalweather.tamu.edu/), as CFSR (Climate Forecast System Reanalysis) data 

of 2013, as followed by Fuka et al., 2014 and Dile et al., 2016). Depending upon the 

availability and accessibility, crucial climate data like maximum and minimum 

temperature, precipitation and humidity of the selected nine sites at  different altitudes 

(108 m, 121 m, 144 m, 299 m, 653 m, 1272 m, 1779 m, 3170 m and 3366 m asl.) 

were procured for the year 2013. Based on these data,  estimation was done for the 

maximum temperature,  minimum temperature,  precipitation, and  relative humidity 

of all the study sites of the transect by using regression equations: maximum 

temperature= -0.004(elevation) +28.94 (p<0.001), minimum temperature= -

0.002(elevation) +17.44 (p<0.02), Precipitation= -0.001(elevation) +9.359 (p<0.04)  

and relative humidity= -2E-05(elevation) +0.520 (p<0.1) (similar approach also 

followed by Acharya et al., 2011). From these climate data, the factors affecting the 

forest composition and structure, such as Potential evapotranspiration, 
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PET (Bhattarai et al., 2004a), Actual evapotranspiration, AET (Truc, 1954) and 

Moisture Index, MI (Bhattarai et al., 2004a) for all the studied sites were quantified. 

The quantification was done for these values using the formulae; (PET= Mean annual 

Bio Temperature, i.e. temperature >0˚C x 58.93; MI= PET/Mean annual Precipitation; 

AET= P/ [0.9+ (P/L) 2]1/2 with L=300+25T+0.05T
3
) 

5.2.5. Data analysis 

The procured data of woody vegetation were quantitatively analysed for 

density, relative density,  relative frequency and relative dominance using formulae 

given by Misra (1968) and quantified the Important Value Index (IVI: Relative 

density +Relative frequency +Relative dominance). To evaluate species diversity for 

each site, Shannon and Wiener index (1963) and Simpson‘s index   (1949) were 

applied, which are given as,  

H’= -∑ (ni/N) log2 (ni/N) 

     i=1 

Where ni represents a total number of individuals of particular species and N 

represents the total number of individuals of all species. The Index of species 

evenness was determined by Shannon index of species evenness, which can be 

expressed as, E=H’/ln(S); where, H = Shannon‘s index of diversity, and S = number 

of species in the sample; species dominance was quantified by Simpson‘s Index 

(1949), as, 

D = ∑ (ni/N)
2
 

                                                                  i=1 

Where ni represents a total number of individuals of particular species and N 

represents the total number of individuals of all species.  
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Species richness was quantified by using Margalef's index I= (S-1)/ ln (N); Where, S 

= the number of species in the sample; and N = the total number of individuals in the 

sample. 

5.2.6. Statistical analysis 

The statistical parameters were used such as Pearson correlation, Linear regression, 

Estimators (Choa 1& Jackknife 1), Cluster analysis, and Species-abundance 

Distribution Model to better understand the dynamism of the forest communities‘ 

composition in the transect.  
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5.3. Results 

 
5.3.1. Habitat composition along altitudinal gradient in Yuksom-Black Kabru 

(Dome) Transect in western KBR 

  A total of 17 major  sites of different altitudes was identified for habitat 

assessment of the Himalayan Pheasant in Yuksom-Black Kabru (Dome) transect 

(Khangchendzonga Biosphere Reserve), covering from baseline 1800 m-4300 m asl 

(warm temperate-alpine region) almost  30  km apart. Out of 17 sites, 03 sites were 

identified in the alpine region. The total 107 woody species were recorded within the 

transect. A total of 99 woody species could be identified under 34 families. For the 

final reporting was done for only 99 species for the study transect covering 17 major 

sites (Table 4.1). 

Table 4.1: List of woody species found along the transect (Yuksom-Black Kabru 

Dome transect) 

 

Botanical name of woody taxa Family 

1. Abies densa Griff. Pinaceae 

2. Acer campbellii Hook.f. and Thomson ex Hiern. Sapindaceae 

3. Acer caudatum Wall. Sapindaceae 

4. Acer pectinatum Wall. Ex G.Nicholson. Sapindaceae 

5. Acer sikkimensis Miq.. Sapindaceae 

6. Acer stachyophyllumHiern. Sapindaceae 

7. Aconogonum sp. Polygonaceae 

8. Aconogonum molle (D. Don) H. Hara. Polygonaceae 

9. Actinodaphne sikkimensis Lauraceae 

10. Alnus nepalensis D.Don Betulaceae 

11. Ardisia macrocarpa Wall. Primulaceae 

12. Artemisia vulgaris L. Compositae 

13. Beilschmiedia sikkimensis King ex Hook.f. Lauraceae 

14. Berberis aristata DC. Berberidaceae 

15. Betula alnoides Buch.-Ham. Ex D.Don Betulaceae 

16. Brassaiopsis alpine C.B.Clarke. Araliaceae 

17. Brassaiopsis hispida Seem. Araliaceae 

18. Castanopsis hystrix Hook.f.and Thomson ex A. Dc. Fagaceae 
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19. Castanopsis tribuloides (Sm) A.Dc. Fagaceae 

20. Castronopsis  sp. Fagaceae 

21. Cedrela febrifuga Blume Meliaceae 

22. Cinnamomum cecidodaphne Meisn. Lauraceae 

23. Cinnamomum impressinervium Meisn. Lauraceae 

24. Daphne cannabina Wall. Thymelaeaceae 

25. Deberegeasia velutina Gaud. Urticaceae 

26. Dichroa febrifuga Lour Hydrangeaceae 

27. Echinocarpus dasycarpus Benth. Elaeocarpaceae 

28. Edgeworthia gardneri (Wall.) Mesin Thymelaeaceae 

29. Elaeocarpus lanceifolius Roxb. Elaeocarpaceae 

30. Sorbus cuspidata (Spach) Hedl Rosaceae 

31. Engelhardia spicata Blume. Junglandaceae 

32. Eriobotrya petiolata Hook.f. Rosaceae 

33. Eurya accuminata DC*  Pentaphylacaceae 

34. Eurya japonica Thunb. Pentaphylacaceae 

35. Evodia fraxinifolia (Hook.) Benth. Rutaceae 

36. Exbucklandia populnea (R.Br. ex Griff.) R.W.Br. Hamamelidaceae 

37. Ficus nemoralis Wall. exMiq. Moraceae 

38. Girardinia palmate Gaud. Urticaceae 

39. Glochidion acuminatum Muell. Euphorbiaceae 

40. Ilex Sikkimensis King. Aquifoliaceae 

41. Juglans regia L. Juglandaceae 

42. Juniperus recurva Buch.-Ham. exD.Don. Cupressaceae 

43. Juniperus sp. Cupressaceae 

44. Leucosceptrum canum Sm. Lamiaceae 

45. Lindera assamica (Mesin.) Kurz Lauraceae 

46. Litsaea citrate Blume. Lauraceae 

47. Lyonia ovalifolia (Wall) Drude. Ericaceae 

48. Macaranga denticulata (Blume) Mull.Arg. Euphorbiaceae 

49. Machilus edulis King ex Hook.f. Lauraceae 

50. Maesa rugosa C.B.Clarke Primulaceae 

51. Maesa chisia Buch.-Ham. ex D. Don Primulaceae 

52. Magnolia campbellii Hook.f. and Thomson Magnoliaceae 

53. Mahonia sikkimensis Takeda Berberidaceae 

54. Michelia excels (Wall.) Blume Magnoliaceae 

55. Micromeles thomsonii  C.K. Schneid Rosaceae 

56. Myrsine semiserrata   Wall. Primulaceae 

57. Mussaenda sp. Rubiaceae 

58. Nyssa javanica (Blume) Wangerin Cornaceae 

59. Pentapanax leschenaultia (DC.) Seem. Araliaceae 

60. Pilea umbrosa Blume Utricaceae 

61. Prunus cerasoides Buch.-ham. Ex D. Don Rosaceae 

62. Prunus nepalensis Hook.f. Rosaceae 
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63. Prunus undulate Buch.-Ham. exD.Don. Rosaceae 

64. Quercus fenestrate Roxb. Fagaceae 

65. Quercus lamellose Sm. Fagaceae 

66. Quercus lineate Blume Fagaceae 

67. Quercus pachyphylla Kurz Fagaceae 

68. Rhododendron anthopogon D. Don Ericaceae 

69. Rhododendron arboreum Sm. Ericaceae 

70. Rhododendron barbatum Wall. ex G. Don. Ericaceae 

71. Rhododendron campulatum D.Don. Ericaceae 

72. Rhododendron campylocarpum Hook.f. Ericaceae 

73. Rhododendron dalhousieae Hook. f. Ericaceae 

74. Rhododendron falconeri Hook. f. Ericaceae 

75. Rhododendron grande Wight. Ericaceae 

76. Rhododendron hodgsonii Hook.f. Ericaceae 

77. Rhododendron lanatum Hook. f. Ericaceae 

78. Rhododendron lepidotum Wall. ex G. Don Ericaceae 

79. Rhododendron setosum D. Don Ericaceae 

80. Rhododendron thomsonii Hook.f. Ericaceae 

81. Rhododendron wightii Hook.f. Ericaceae 

82. Rhus insignis Hook. f. Anacardiaceae 

83. Rhus succedanea L. Anacardiaceae 

84. Rubus ellipticus Smith. Rosaceae 

85. Rosa serica Wall. ex Lindl. Rosaceae 

86. Rubus paniculatas Smith. Rosaceae 

87. Saurauia nepalensis Dc. Actinidiaceae 

88. Schefflera impressa (C.B. Clarke) Harms Araliaceae 

89. Solanum aculeatissium Jacq. Solanaceae 

90. Symplocos glomerata King ex C.B. Clarke Symplocaceae 

91. Symplocos ramosissima Wall. Ex G. Don Symplocaceae 

92. Symplocos theifolia D. Don Symplocaceae 

93. Tsuga dumosa (D.Don) Eichler Pinaceae 

94. Urtica parviflora Roxb. Urticaceae 

95. Utrica dioca Linn. Urticaceae 

96. Viburnum cordifolium Wall. Ex DC. Adoxaceae 

97. Viburnum erubescens Wall. Adoxaceae 

98. Viburnum sp. Adoxaceae 

 99. Zanthoxylum armatum D.C Rutaceae 
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Out of 99 woody species, 34% shrub species and 66% tree species were recorded in 

the Yuksom-Black Kabru (Dome) Transect (Figure 4.1). 

 

 

Figure 4.1: Percentage of tree and shrub in Yuksom-Black Kabru transect of the 

Khangchendzonga Biosphere Reserve. 

 

Out of 34 families of woody taxa (Table 4.1), the family-wise distribution of species 

was quantified along the transect.  The family Ericaceae ( 15 ) emerged as the most 

dominant family for the maximum number of species in the transect followed by 

Rosaceae (09), Lauraceae (07), and Fagaceae (07) (Figure 4.2) followed the same. It 

has been observed that the family Ericaceae was the most diverse in high altitude 

zone, which could be a more suitable habitat for Rhododendron spp. The family of  

Rosaceae and Lauraceae was evenly distributed along the transect but the family 

Fagaceae was confined up to  2900 m asl. 
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Figure 4.2: Family wise distributions of woody species along Yuksom-Black Kabru 

Dome transect, Khangchendzonga Biosphere Reserve. 
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5.3.1.1.  Abundance and regeneration pattern of woody species  

The maximum number of adult  individuals were recorded at 4000 m asl (2070 

individuals/hectare) and the minimum number was quantified at 2800 and 2600 m asl 

(200 individuals/hectare). Good numbers of saplings and seedlings were observed  in 

the lower altitude zone, in comparison to the higher altitudes. In the middle zone of 

the transect showed the least number of individuals of sapling and seedling. Based on 

the procured field data on woody taxa for the entire study transect, a  good 

regeneration pattern of sapling and seedling is seen in the low altitude zone, i.e. in 

warm temperate broad-leaved forests. Whereas, the most sensitive zone of the 

regeneration trend of sapling and seedling in the forest has been identified between 

the altitudinal range of 2600 - 2900 m asl (200-500 individuals/hectare) based on the 

lower number of sapling and seedling. The maximum number of individuals of 

sapling (11320 individuals/hectare) and seedling (15465 individuals/hectare) was 

recorded at 1800 m asl. It could be the reason  this forest site comes under the fringe 

area of the private land, which might previously be used by the local villagers for their 

basic needs. So that, the adult individuals of woody plants were comparatively lower 

than the other sites of warm temperate forests in the transect (Figure 4.3). 

5.3.1.2. Basal area cover along the transect 

The maximum basal area of adult woody species was recorded at 2000 m asl 

(511.6019 sq. meter/hectare) and the minimum basal area of adult woody species 

26.596 sq.m/hectare at 4000 m asl (Figure 4.4). The basal area of sapling (45.79 sq. 

meter/ hectare) and seedling (23.27 sq. meter/ hectare) of woody species was 

observed good  at 1800 m and the lowest one was observed at 2600 and 2800 m asl, 

whereas, basal area of the adult woody species at 1800 m asl was comparatively lower  
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than other warm temperate broad-leaved forest sites. It could be the reason that the 

forest site comes under the fringe area and which might have overexploited in the past 

decades, so no more aged tree encountered at the altitude (Figure 4.4). 

 

Figure 4.3: Abundance in a hectare of woody species along transect of Yuksom-Black 

Kabru in the Khangchendzonga Biosphere Reserve. 

 

5.3.1.3. Abundance and basal area of scrub of alpine region 

Out of 17 study sites, 03 sites were identified from 4100 - 4300 m asl in scrubs 

vegetation of the alpine region; the maximum number of individuals were 

encountered at 4100 m asl (10640 individuals/hectare) and minimum  individuals at 

4200 m asl (9120 individuals/hectare), whereas, the highest basal area was quantified 

at 4200 m asl (Figure 4.5). 
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 Figure 4.4: Basal area in a hectare of woody species along transect of Yuksom-Black 

Kabru in the Khangchendzonga Biosphere Reserve. 

 

 

 

 

Figure 4.5: Abundance and basal area in hectare of scrubs species in the alpine along 

transect of Yuksom-Black Kabru in the Khangchendzonga Biosphere Reserve. 
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5.3.1.4. Ecological indices 

 

Ecological indices such as Margalef's Index of Species Richness, Shannon 

Index of Species Evenness, Simpson's Index of Dominance and  Shannon-Weiner 

Diversity Index of 17 major sites of the transact were quantified.  

Species Richness 

The species richness of woody species was negatively correlated with altitude 

and the regression equation between species richness and altitude, y=-0.016x+66.25 

(R
2
=0.710) was quantified. The value was ranked from 3.82-58.87 (±18.38) within the 

transect of the study area (Figure 4.6). 

 

 

Figure 4.6: Species Richness Index vs. altitude along transect of Yuksom-Black 

Kabru in the Khangchendzonga Biosphere Reserve. 
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Shannon-Wiener Diversity Index  

 

The Shannon-Wiener Diversity Index of woody species was negatively 

correlated with altitude and the regression equation between Shannon-Wiener 

Diversity and altitude, y=-0.001x+4.968 (R
2
=0.863) was quantified. The value was 

ranked from 0.318-3.176 (±1.008) within the transect of the study area (Figure 4.7). 

 

Figure 4.7: Diversity  Index vs. altitude along transect of Yuksom-Black Kabru in the 

Khangchendzonga Biosphere Reserve. 

 

Simpson's Index of Dominance 

The Simpson‘s Index of Dominance of woody species was slightly positively 

correlated with altitude and the regression equation between Simpson‘s Index of 

Dominance and altitude, y=9E-05x-0.021 (R
2
=0.38) was quantified. The value was 

ranked from 0.05288-0.45233 (±0.13887) within the study transect (Figure 4.8). 
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Figure 4.8: Index of Dominance vs. altitude along transect of Yuksom-Black Kabru in 

the Khangchendzonga Biosphere Reserve. 

 

Shannon Index of Species evenness 

 

Figure 4.9: Species Evenness Index vs. altitude along transect of Yuksom-Black 

Kabru in the Khangchendzonga Biosphere Reserve. 
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The Shannon Index of Species Evenness of woody species was negatively correlated 

with altitude and the regression equation between species richness and altitude, y=-

0.000x+1.197 (R
2
=0.379) was quantified. The value was ranked from 0.1632-0.881 

(±0.2610) within the transect of the study area (Figure 4.9). 

5.3.1.5. Cluster analysis for the forest structure and composition 

 
Figure 4.10: Cluster Analysis showing the similarity group among the study sites 

(Yuksom-Black Kabru transect) in the KBR. 

 

The cluster analysis among the samples of the seventeen sites provided the picture of 

their forest composition structure as well as homogeneity and heterogeneity level 

along the altitudinal gradient (Figure 4.10). Accordingly, the site 16 and 17 showed 

the maximum species composition similarity (>50%) among all sites followed by site 

7 & 8, and 11 & 10. Cluster analysis also revealed that the site 1 & 2 showed the 

maximum species composition dissimilarity followed by site 4 & 5.  
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5.3.1.6. Estimator Choa and Jackknife 

 

 

Figure 4.11: Estimated (Choa 1and Jackknife 1) species richness of the woody taxa 

along in Yuksom-Black Kabru transect of the KBR. 

 

Quantified species estimator, namely Choa 1 and Jackknife 1 were correlated with the 

altitudinal gradients of the study area. A total of 99 woody species were recorded in 

the transect, however, the Choa 1 (103 species) and Jackknife 1 (121 species) were 

estimated. Similarly, a regression line drew between species estimators and the 

altitudinal gradient and the significant negative quadratic relations quantified as, Choa 

1 (y=-0.029x+164.68, R2=0.8883, P<0001) and Jackknife 1 (y=-0.0327x+196.58, 

R2=0.746, P<0001) (Figure 4.11). Likewise, a declining trend of species estimator 

was observed in respect to increasing altitudinal gradient in the forest. As per species 

estimator, there may be more possibilities to find new species in the forests. 
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5.3.1.7. Species-Abundance distribution model 

 

The four models were used to describe the species-abundance distribution 

pattern of ecological community such as geometric, log series, truncated log-normal 

and MacArthur‘s broken stick.  

 

Figure 4.12: Truncated Log-Normal distribution pattern of woody taxa of Yuksom-

Black Kabru (Dome) transect in the KBR.  

 

Among the four models for vegetation data of the Yuksom-Black Kabru transect, the 

truncated log-normal distribution pattern appeared best fitted and that showed no 

significant difference of the observed and expected number of species in each 

abundance class  (Chi=1.50341; p= 0.912676; df=5). In the truncated log-normal 

distribution model- observation in the species-abundance distribution pattern showed 

that a few species were rare in the forest community (Figure 4.12). 

5.3.2. Habitat composition along altitudinal gradient in Tholung –Kisong 

Transect in northern KBR 

A total of 17 major sites of different altitudes was identified for habitat 

assessment of Himalayan Pheasant in Tholung-Kisong transect (Khangchendzonga 

Biosphere Reserve), along 1800 m-4300 m asl (warm temperate-alpine region) almost 

30 km apart. Out of 17 sites, 03 sites were from the alpine region. The total 95 woody  
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species were recorded within the transect whereas 86 species could be identified and 9 

species were unidentified. Out of 95, 87 woody species were identified under 33 

families. For the final reporting, only 87 species are listed for the studies transect 

covering 17 major sites (Table 4.2). 

Table 4.2: List of woody species found along the transect (Tholung- Kisong transect) 

Botanical name of woody taxa Family 

1. Abies densa Griff. Pinaceae 

2. Acer campbellii Hook.f. and Thomson ex Hiern. Sapindaceae 

3. Acer caudatum Wall. Sapindaceae 

4. Acer pectinatum Wall. Ex G.Nicholson. Sapindaceae 

5. Acer sikkimensis Miq.. Sapindaceae 

6. Acer stachyophyllum Hiern. Sapindaceae 

7. Aconogonum sp. Polygonaceae 

8. Aconogonum molle (D. Don) H. Hara. Polygonaceae 

9. Actinodaphne sikkimensis Lauraceae 

10. Alnus nepalensis D.Don Betulaceae 

11. Artemisia vulgaris L. Compositae 

12. Beilschmiedia sikkimensis King ex Hook.f. Lauraceae 

13. Berberis aristata DC. Berberidaceae 

14.Betula utilis D.Don Betulaceae 

15. Brassaiopsis alpine C.B.Clarke. Araliaceae 

16. Brassaiopsis hispida Seem. Araliaceae 

17.Castanopsis hystrix Hook.f.and Thomson ex A. 

Dc. 

Fagaceae 

18. Castanopsis tribuloides (Sm) A.Dc. Fagaceae 

19. Cedrela febrifuga Blume Meliaceae 

20. Cinnamomum cecidodaphne Meisn. Lauraceae 

21. Cinnamomum impressinervium Meisn. Lauraceae 

22. Daphne cannabina Wall. Thymelaeaceae 

23. Daphniphyllum himalayense (Benth.) Müll.Arg Daphniphyllaceae 

24. Deberegeasia velutina Gaud. Urticaceae 

25. Dichroa febrifuga Lour Hydrangeaceae 

26. Echinocarpus dasycarpus Benth. Elaeocarpaceae 

27. Edgeworthia gardneri (Wall.) Mesin Thymelaeaceae 

28. Elaeocarpus lanceifolius Roxb. Elaeocarpaceae 

29. Sorbus cuspidata (Spach) Hedl Rosaceae 

30. Eurya accuminata DC*  Pentaphylacaceae 

31. Eurya japonica Thunb. Pentaphylacaceae 

 



89 

 

Objective 02-Results 

 
32. Evodia fraxinifolia (Hook.) Benth. Rutaceae 

33. Ficus nemoralis Wall. exMiq. Moraceae 

34. Girardinia palmate Gaud. Urticaceae 

35. Glochidion acuminatum Muell. Euphorbiaceae 

36. Ilex Sikkimensis King. Aquifoliaceae 

37. Hovenia dulcis Thunb. Rhamnaceae 

38. Juniperus recurva Buch.-Ham. exD.Don. Cupressaceae 

39. Juniperus sp. Cupressaceae 

40. Leucosceptrum canum Sm. Lamiaceae 

41. Litsaea citrate Blume. Lauraceae 

42. Lyonia ovalifolia (Wall) Drude/ Pieris ovalifolia Ericaceae 

43. Macaranga denticulata (Blume) Mull.Arg. Euphorbiaceae 

44. Machilus edulis King ex Hook.f. Lauraceae 

45. Maesa rugosa C.B.Clarke Primulaceae 

46. Maesa chisia Buch.-Ham. ex D. Don Primulaceae 

47. Magnolia campbellii Hook.f. and Thomson Magnoliaceae 

48. Mahonia sikkimensis Takeda Berberidaceae 

49. Michelia excels (Wall.) Blume Magnoliaceae 

50. Mussaenda sp. Rubiaceae 

51. Prunus nepalensis Hook.f. Rosaceae 

52. Quercus lamellose Sm. Fagaceae 

53. Quercus lineate Blume Fagaceae 

54. Quercus pachyphylla Kurz Fagaceae 

55. Rhododendron anthopogon D. Don Ericaceae 

56. Rhododendron arboreum Sm. Ericaceae 

57. Rhododendron barbatum Wall. ex G. Don. Ericaceae 

58. Rhododendron campulatum D.Don. Ericaceae 

59. Rhododendron campanulatum subsp. 

aeruginosum (Hook. f.) D.F. Chamb. 

Ericaceae 

60. Rhododendron campylocarpum Hook.f. Ericaceae 

61. Rhododendron dalhousieae Hook. f. Ericaceae 

62. Rhododendron ciliatum Hook. f. Ericaceae 

63. Rhododendron falconeri Hook. f. Ericaceae 

64. Rhododendron fulgens Hook. f. Ericaceae 

65. Rhododendron grande Wight. Ericaceae 

66. Rhododendron hodgsonii Hook.f. Ericaceae 

67. Rhododendron niveum Hook. f Ericaceae 

68. Rhododendron lepidotum Wall. ex G. Don Ericaceae 

69. Rhododendron setosum D. Don Ericaceae 

70. Rhododendron thomsonii Hook.f. Ericaceae 

71. Rhododendron wightii Hook.f. Ericaceae 

72. Rhus insignis Hook. f. Anacardiaceae 

73. Rhus succedanea L. Anacardiaceae 
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74. Rubus ellipticus Smith. Rosaceae 

75. Rosa serica Wall. ex Lindl. Rosaceae 

76. Saurauia nepalensis Dc. Actinidiaceae 

77. Schefflera impressa (C.B. Clarke) Harms Araliaceae 

78. Solanum aculeatissium Jacq. Solanaceae 

79. Symplocos spicata Roxb Symplocaceae 

80. Symplocos ramosissima Wall. Ex G. Don Symplocaceae 

81. Symplocos theifolia D. Don Symplocaceae 

82. Tsuga dumosa (D.Don) Eichler Pinaceae 

83. Urtica parviflora Roxb. Urticaceae 

84. Viburnum nervosum D. Don Adoxaceae 

85. Viburnum erubescens Wall. Adoxaceae 

86.Viburnum sp. Adoxaceae 

 87. Zanthoxylum armatum D.C Rutaceae 

 

Out of 87 woody species, 33% shrub species and 67% tree species were recorded in 

the Tholung-Kisong Transect (Figure 4.13). 

 

Figure 4.13: Percentage of tree and shrub in Tholung-Kisong transect in the 

Khangchendzonga Biosphere Reserve. 

 

Out of 33 families of woody taxa (Table 2), the family-wise distribution of species 

was quantified along the transect,  Ericaceae ( 18 ) was observed as the most 

dominant species-rich family in the transect and Lauraceae (06), and Fagaceae (05)  



91 

 

Objective 02-Results 
 

followed the same (Figure 4.14). It has been observed that the family Ericaceae was 

most diverse in the high altitude zone, it could be a more suitable habitat for 

Rhododendron spp.  

 

Figure 4.14: Family wise distribution of woody species along Thulong-Kisong 

transect, Khangchendzonga Biosphere Reserve. 
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5.3.2.1. Abundance  and Regeneration pattern of woody species  

The maximum number of adult  individuals were recorded at 2900 m asl (9800 

individuals/hectare); however, no adult individuals were recorded at 4000 m (Figure 

4.15).  Good numbers of saplings at  2200 m asl  (27640 individuals /hectare) and  the  

least numbers of seedlings at 3000 m asl (1880 individuals/hectare) were  recorded. 

The maximum seedlings  (45800 individuals/hectare) and minimum seedlings (1000 

individuals/hectare) were recorded at 3100 m asl and 3000 m asl, respectively. 

 

Figure 4.15: Abundance in a hectare of woody species along transect of Tholung –

Kisong transect in the Khangchendzonga Biosphere Reserve. 

 

5.3.2.1. Basal area cover along the transect 

The maximum basal area of adult woody species was recorded at 2300 m asl 

(385 sq. meter/hectare) and there were no adult woody (trees) species found at 4000 

m asl   (Figure 4.16). The maximum basal area of saplings (41.00 sq. meter/ hectare) 

of woody species was recorded at 2200 m asl and the minimum basal area of saplings 

(1.63 sq. meter/hectare) was recorded at 2900 m asl. Similarly, the maximum basal  
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area of seedlings (15.6 sq. meter/hectare) was recorded at 3100 m asl and the 

minimum basal area of seedlings (0.1 sq. meter/hectare) observed at 2600 m asl. 

 

Figure 4.16: Basal area in a hectare of woody species along transect of Kisong-

Tholung in the Khangchendzonga Biosphere Reserve. 

 

5.3.2.3. Abundance and basal area of scrub of alpine region 

 

Figure 4.17: Abundance and basal area in hectare of scrubs species in the alpine along 

transect of Tholung-Kisong transect in the Khangchendzonga Biosphere Reserve. 

 

Out of 17 sites, 03 sites were identified along 4100-4300 m asl in the scrubs 

vegetation of the alpine region; the maximum number of individuals were  



94 

 

Objective 02-Results 
 

encountered at 4100 m asl (69960 individuals/hectare) and minimum individuals at 

4300 m asl (32660 individuals/hectare), whereas, the highest basal area was 

quantified at 4100 m asl (7.00 sq metre/hectare) [Figure 4.17] . 

5.3.2.4. Ecological indices 

Ecological Indices such as Margalef's Index of Species Richness, Shannon 

Index of Species Evenness, Simpson's Index of Dominance and  Shannon-Wiener 

Diversity Index of 17 major sites of the transect were quantified.  

Species Richness 

 

Figure 4.18: Species Richness Index vs. altitude along transect of Tholung-Kisong 

transect in the Khangchendzonga Biosphere Reserve. 

 

The species richness of woody species was negatively correlated with altitude and the 

regression equation between species richness and altitude, y= -0.006x + 34.40 (R
2
= 

0.685) was quantified. The value was ranked from 5.83- 23.88 (±6.487) within the 

transect of the study area (Figure 4.18). 
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Shannon-Wiener Diversity Index  

The Shannon-Wiener Diversity Index of woody species was slightly positively 

correlated with altitude and the regression equation between Shannon-Wiener 

Diversity and altitude, y=0.000x+0.287 (R
2
=0.217) was quantified. The value was 

ranked from 0.318-3.176 (±1.008) within the transect of the study area (Figure 4.19). 

 

Figure 4.19: Diversity  Index vs. altitude along transect of Tholung-Kisong transect in 

the Khangchendzonga Biosphere Reserve. 

 

Simpson's Index of Dominance 

The Simpson‘s Index of Dominance of woody species was slightly negatively 

correlated with altitude and the regression equation between Simpson‘s Index of 

Dominance and altitude, y=-8E-05x + 0.556 (R
2
= 0.118) was quantified. The value 

was ranked from 0.05288-0.45233 (±0.13887) within the study transect (Figure 4.20). 
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Figure 4.20: Index of Dominance vs. altitude along transect of Tholung-Kisong 

transect in the Khangchendzonga Biosphere Reserve. 

 

Shannon Index of Species Evenness 

 

Figure 4.21: Species Evenness Index vs. altitude along transect of Tholung-Kisong 

transect in the Khangchendzonga Biosphere Reserve. 

 

The Shannon Index of Species Evenness of woody species was positively                 

correlated with altitude and the regression equation between species richness and  
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altitude, y=-0.000x- 0.431 (R
2
=0.410) was quantified. Within the study transect, the 

value was ranked from 0.1632-0.881 (±0.2610) [Figure 4.21]. 

5.3.2.6. Cluster analysis for the forest structure and composition 

 

Figure 4.22: Cluster Analysis showing the similarity group among the study sites 

(Tholung-Kisong transect) in the KBR 

 

The cluster analysis among the sample of the seventeen sites provided the picture of 

their forest composition structure as well as homogeneity and heterogeneity level 

along the altitudinal gradients (Figure 4.22). The cluster analysis revealed that the site 

15 and 16 showed the maximum species composition similarity (>50%) among all 

sites followed by site 4 and 6, site, and site 17 and 14. The site 3 and 5 showed a 

maximum dissimilarity composition of the species in the transect.  

5.3.2.7. Estimator Choa and Jackknife 

Quantified species estimators, namely Choa 1 and Jackknife 1 were correlated with 

the altitudinal gradient of the study area. A total of 87 woody species were recorded in 

the transect, however, the Choa 1 (86 species) and Jackknife 1 (111 species) were 
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estimated. Similarly, a regression line drew between species estimators and the 

altitudinal gradient and the significant negative quadratic relations quantified; Choa 1 

(y=-0.0339x+191, R
2
=0.8267, P<0.0001) and Jackknife 1 (y=-0.0269x+144.29, 

R
2
=0.9322, P<0.0001) (Figure 4.23). Likewise, a declining trend of species estimator 

was observed in respect to increasing altitudinal gradient in the forest. As per species 

estimator (Jackknife), there may be more possibilities to find new species in the 

forest.  

 

Figure 4.23: Estimated (Choa 1and Jackknife 1) species richness of the woody taxa 

along in Tholung-Kisong transect in the KBR. 

 

5.3.2.8. Species-Abundance distribution model 

The four models were used to describe the species-abundance distribution 

pattern of ecological community such as geometric, log series, truncated log-normal 

and MacArthur‘s broken stick. Among the four models for vegetation data of the 

Thulong-Kisong transect, the truncated log-normal distribution pattern appeared best  
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fitted and that showed no significant difference  of the observed and expected number 

of species in each abundance class ( Chi=3.56891; p=0.467479; df=4). In the 

truncated log-normal distribution model-observation in the species-abundance 

distribution pattern showed that a few species were rare in the forest community 

(Figure 4.24). 

 

Figure 4.24: Truncated Log-Normal distribution model of woody taxa of Kisong-

Tholung transect. 

5.3.3. Dominant forest communities 

Based on the IVI (Important Value Index), dominant forest communities of the study 

area were identified by taking three variables i.e. relative frequency, relative 

dominance and relative density of each study site along the transect. The dominant 

forest communities of all the study sites (both the transects; Yuksom-Black Kabru and 

Tholung-Kisong) were classified into four different  board forest zones based on 

forest community composition and altitude. i.e. from ranged 1800-2100 m asl as 

considered as sub-tropical mixed broad- leaved forest, above 2100-3000 m asl as 

warm temperate Oak- broad-leaved forest, above 3000-3800 m asl as cold temperate  
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coniferous-broad-leaved forest, and above 3800 m asl as the sub alpine and alpine 

region (Figure 4.25). 

 

Figure 4.25: Dominant communities of woody species in the transects based on IVI 

(Important Value Index) in the Khangchendzonga Biosphere Reserve. 

 

5.3.4. Climatic condition of study area 

 

Figure 4.26: Annual mean temperature and annual mean precipitation (2013) of the 

study area in the Khanchendzonga Biosphere Reserve. 
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The annual mean temperature of the study area was increased with decreasing of the 

altitudinal gradient in the study area. Similarly, the annual mean precipitation was 

directly proportional to the altitudinal gradient of the study area (Figure 4.26). 

5.3.3.1. Relationship among climate variables (PET, AET, MI), species richness 

and        altitudinal gradient 

 

From the four climate variables, quantification was done for the PET, AET, and MI of 

the study area and which were correlated with the species richness of the forest to 

better understand the factor affecting composition and structure of the forest 

communities. The results indicated that the AET, PET, and MI are the measures of 

available environmental energies which drive the final shape of community 

composition and structure of the forest.  

 

Figure 4.27: Annual Actual Evapotranspiration, Potential EvapoTranspiration, and 

Annual Moisture Index along with the altitudinal gradient of the study area in the 

KBR. 

 

The regression line is drawn between the altitudinal gradient of the study area and 

available environmental energies (AET, PET, and MI); a negative quadratic relation 

emerged among the altitudinal gradient, and PET (y=-0294x+1321, R
2
=1, p>0.000)  



102 

 

Objective 02-Results 
 

and MI (y=-0.125x+512.8, R
2
=0.945, p>0.000) and a positive quadratic relation was 

shown between altitudinal gradient and AET (y=0.001x-0.046, R2=1, p>000) (Figure 

4.27). The study revealed that the species richness of the two transects showed a 

significant positive correlation with temperature, PET, and MI and a significant 

negative correlation with precipitation, AET, and altitudinal gradient of the study area 

(Table 4.3). 

Table 4.3: Pearson correlation of woody species richness vs.  climatic variables and 

altitude for study sites 
 Species 

Richness 

 Temperature Precepitation AET PET MI Altitud

e 

 

Pearson 

correlation 

Yuksom-

Black 

Kabru 

transect 

r 0.843 -0.843 -0.843 0.843 0.928 -0.843 

Significance  p 0.01 0.01 0.01 0.01 0.01 0.01 

Tholung-

Kisong 

Transect 

r 0.828 -0.828 -0.828 0.828 0.825 -0.828 

Significance p 0.01 0.01 0.01 0.01 0.01 0.01 
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5.4. Discussion 

 
Mountain slopes with significant bioclimatic amplitude generally provide 

more species at the bottom than at the top (Vetaas & Grytnes, 2002). The vegetation 

assessment in Khangchendzonga Biosphere Reserve, for the woody species richness 

along altitudinal gradients, showed a directly proportional pattern with bioclimatic 

variables like temperature, MI, and PET; and inversely proportional with AET and 

altitude. The studied transects started from temperate to alpine meadow covering 

amplitude of 2500 m and the region experiences high fluctuation of climate variables 

leading to changes in species richness, diversity, and major communities’ composition 

of the forest. Even, it was observed that the slope might have played a significant role 

in the communities’ composition of the forests as per the observations were made 

during field visit, the communities’ composition of the forest at the same altitude 

slightly differed in Yuksom-Black Kabru transect and Tholung-Kisong transect, as the 

majority parts of Kisong-Tholung landscape were more sloppy than that of Yuksam-

Black Kabru landscape.  

Based on IVI analysis, the four major different forest types were recorded, 

warm temperate broad- leaved forest, cold temperate coniferous mixed broad-leaved 

forest, subalpine, and alpine forest. The dominant vegetation type changes along the 

altitudinal gradient in both the transects, where the species like Quercus, 

Rhododendron, Symplocus, and Abies were dominant when surveyed for the whole 

area including quadrats’ sites. Among the Rhododendrons forest; Rhododendron 

niveum, Rhododendron thomsonii, Rhododendron aeruginosum, Rhododendron 

falconeri, Rhododendron grande, Rhododendron arboreum, Rhododendron ciliatum,  
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Rhododendron campylocarpum, etc. were rare and vulnerable species (Chhetri & 

Badoal, 2017; Chhetri et al., 2018a). The species richness of woody species in both 

the transects showed the inversely proportional trend with altitude. The overall 

increase in the density of one or two common species compensated the reduction in 

the number of rare species at higher elevations might be appeared as an adaptation to 

withstand the cold  and strong wind (Acharya et al., 2011), thus opting for an alpine 

refuge (Gentitli et al., 2015). The presence of the higher abundance of young tree 

species, which generally signifies a healthy growing forest along with backed up of a 

good regeneration pattern of saplings and seedlings. The relatively lower basal cover 

of the trees showed at the higher altitudinal gradient may be the result of young 

woody plant density to be the effect of cold and harsh climatic conditions (Acharya et 

al., 2011). A total of 99 species in Yuksom-Black Kabru transect was found and 

according to non-parametric species richness estimators, Choa1 (103 species) and 

Jackknife1 (121 species). Similarly, in Tholung-Kisong, 87 species were found and 

according to Choa 1 (86 species) and Jackknife 1 (111 species). Based on non-

parametric species richness estimators, the slightly greater number of species richness 

showed in the forest; as a result, there might be some possibilities of getting newer 

species in both the transect (Sinha et al., 2018).  

Based on the species-abundance distribution pattern, four models were used; 

geometric, log series, truncated log-normal and MacArthur’s broken stick (Magurran 

& McGill, 2011). Among them, the forest community composition was best fitted 

under the truncated log-normal distribution model. The truncated log-normal model of 

species-abundance distribution suggested that the presence of a few rare species in the 

study transects. Although, the structure and community composition of the forests at  
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high altitudes are controlled by both environmental and biological factors (Chaurasia 

& Sing, 1996; Kala, 2000), a similar trend was observed in the present study, which 

showed a strong relationship between the climatic variables and the species richness 

along with altitudinal gradient of the forest. Even, energy and water play a significant 

role in the plants‘ overall physiological process and ultimate survival, which shaping 

their distribution and community composition along with species richness of forest in 

particular region (O‘Brien, 1993; Hawkins et al., 2003). Furthermore, climate 

dependent water-energy variables affect the species richness of the forest; have been 

explained from central Himalayan elevation gradient by Carpenter (Bhattarai et al., 

2004b; Acharya et al., 2011) and the similar trend obtained in the present study area 

as result; the gradual upward decline in the species richness may be a consequence of 

the decreasing humidity, precipitation, and temperature along the altitudinal gradient. 

Further, the factors affecting the structure and community composition of forests such 

as AET, PET (Currie, 1991; Sinha et al., 2018), and MI (Sinha et al., 2018) are the 

driving forces which control the species richness of the forest along with better 

shaping the mountainous forests. So, the mountainous landscape provides different 

types of habitats for different types of faunal components. 

 

 

 

 

 

 



Photo plate-04 
 

 

 

 

 

 

Plate 04: A glimpse of Rhododendrons of KBR; Rhododendron 
leptocarpum (A), Rhodoendron lanatum (B), Rhoodendron thomsonii, 

and Rhododendron wightii (D). 
 

 

 

 



Photo plate 05 
 

 

 

 

Plate 5:  Rhododendron niveum in the study area of the 
Khangchendzonga Biosphere Reserve (a rare species of 

Rhododendrons as well as the state tree of Sikkim Himalaya). 

 

 

 

 

 



Photo plate-06 
 

 

 

Plate 06:  Alpine, subalpine and temperate forest of Khangchendzonga 

Biosphere Reserve. 
 

 

 

 

 

 


