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RESULT:
SPECIES RICHNESS ALONG THE ALTITUDE

It was expected that the species richness will change along with the increase or decrease of altitude. The
altitude of the entire study area vary from 340 to 4649 m, which covers from tropical to alpine-snowline
areas. This is also linked with the topography, aspects, etc. Present study covered all such conditions to
understand the species richness at different localities.

5.1. Topography
Topography consists of elevation, slope, aspect soil etc of the study area.

5.1.1. Elevation: Elevation of east district, Sikkim ranges from 340 m at Rangpo to about 4649 m near
Nathula pass, the highest point of the district. However, about 70 % area of the district is falling under
the elevation range of 500 – 3300 m. Study designed at 100 m, 200 m and 300 m elevation steps
helped in investigation and analysis across scale. An elevation zone map at each 200 m step has been
shown in Fig.5.1; and their area statistics has been provided in Table 5.1.

Fig. 5.1. 200 m elevation steps map of the study area showing over 70 % of the area of East district of
Sikkim for the study



Table 5.1. Geographical area of each elevation band of study area

Elevation band, mid
elevation value (m)

Area in ha.

100 m band 200 m band 300 m band

550 1284
3404

5581650 2120

750 2177
4707

850 2530

9279950 3437
6750

1050 3313

1150 4383
8264

132481250 3881

1350 4983
8826

1450 3842

116141550 4351
7771

1650 3420

1750 3284
7076

99771850 3792

1950 2901
6127

2050 3226

80122150 2300
4786

2250 2485

2350 1780
3456

53182450 1677

2550 1862
3416

2650 1554

46492750 1821
3096

2850 1275

2950 1329
2490

38483050 1161

3150 1359
2442

3250 1084

40673350 1247
2983

3450 1736
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A maximum of 4983 ha area is available at 1300 – 1400 m elevation, whereas the minimum of
1084 ha area is available at 3200 – 3300 m elevation range. This followed the cumulative pattern of
maximum area of 8826 ha and 13,248 ha at 1300 – 1500 m and 1100 – 1400 m respectively; and
minimum area of 2442 ha and 3848 ha at 3000 – 3200 m and 2900 – 3200 m respectively (Table 5.1).
In a mountainous area of East district, the available area at different elevation zones is important in the
sense that the amount of area available for forest vegetation could have a direct bearing on species
diversity content.

Fig. 5.2.  Elevation step-wise area availability at 100 m elevation steps

It is found that Geographical area vary along the elevation with around 8000 ha, the highest, at the
elevation of 1500 m. However, the geographic area then gradually decrease with the increase in elevation
(Fig 5.2).

5.1.2. Slope and Aspect

Slope: Slope plays a key role in shaping the species diversity content. Slope of east district was classified
as gentle (10 – 150), moderately steep (160 – 300), steep (310 – 450) and very steep (>460) categories.
About 17 % of the total geographical area falls under gentle slope category, >50 % land falls under
moderately steep slope, about 27 % falls under steep slope and around 3 % of the district falls under
very steep slope categories (Fig.4.3).

Aspect: Aspect is also an important factor in vegetation characterization and aspect of east district was
divided into four classes i.e., NE (northeast = 0 – 90°, SE (southeast = 90 – 180°), SW (southwest =
180 – 270°) and NW (northwest = 270 – 360°). The north-facing slope receives much less sunshine
than the south-facing slope. The area increased from NE to SE, SW and NW while the southern slope
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Fig. 5.3. Slope map of East district that indicates more area is under 15 – 30
o
 slope 

 

Fig. 5.4. Percentage-wise distribution of slope of East district of Sikkim  
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Fig. 5.6.  (a) Percentage wise distribution of aspect; (b) distribution of northern and southern aspects
of east district shown in a Pie diagram

Fig. 5.5. Aspect map of East district indicates less area is under NE slope

occupies 54 % area (Fig. 5.5 and Fig. 5.6). East Himalayan species tends to flourish in north or west
aspect because they retain far more moisture and the vegetation on these aspects often merits attention
in comparison to adjoining south or east aspects. The degree of moisture of a slope also controls the
frequency of fire. Southern aspects with dry combustible under growth are often burnt, whereas northern
aspect with damp undergrowth do not burn so easily. As a consequence, a southern aspect will frequently
be treeless, while a neighbouring northern aspect will be forested. At higher altitudes, snow on north-
facing slope exists for longer duration in spring season was shown to influence floral diversity due to
higher snowfall. North facing area are mostly covered with fir trees (Abies densa).

aa b
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5.1.3. Climate: Climate refers to conditions of the atmosphere at a particular location over a long
period of time. The temperature and precipitation are the major component to understand the climate
change.

5.1.3.1. Temperature: The climate changed from mid-hill temperate to severely cold alpine grassland.
The climate was warm and humid during summer and monsoon season (June – October), and moderately
cold during winter (December – February) at lower elevations. The winter months became severe as
one goes up. Places like Nathula, Gnathang and Tsomgo remain almost snow covered during winter
months. The perennial snowline, however, starts from 4500 m only. Most of the areas of the state are
very wet during June to September with average annual rainfall ranged between 2000 mm – 4000 mm.
The average minimum and maximum temperature varies between 4oC – 17oC in winter and 13° C - 24o

C in summer seasons respectively. The temperature at the lower belt of Rangpo, Singtam, Dikchu,
Makha, Rorathang, Reshi and the places near Tista River and Rangpo Chhu begins to increase rapidly
from the beginning of February and continues till the onset of monsoon in the late May to June. The
maximum temperature is usually recorded during May and June and the minimum during the months of
December and January. The field observations and from people’s perception revealed that mountain
range near Nathula, Zelepla and Tamzee remains under snow cover from December till late May. The
average maximum and minimum temperature characteristics of Gangtok, the lone meteorology station
for this study in east district of Sikkim is shown in (Fig.5.7).

Fig. 5.7. Average Maximum and Minimum temperature between 2000 and 2010 of Gangtok in East
district, Sikkim

5.1.3.2. Precipitation
Precipitation is received mainly in two forms: Rainfall and snowfall. Snowfall does not occur in low
altitude areas, i.e. below 2200 m, and increases with the increase of altitude.
Rainfall is heavy and well distributed during the months of May to September. Dikchu, Gangtok,
Karponang, Rongli, Ganathang etc. are the maximum rainfall receiving areas, while the drought prone
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regions near Rangpo and Singtam get comparatively low rainfall. The intensity of rainfall may vary from
drizzle to torrential. During the months of March to May, occasional hail-storms occur. Fog is quite
common and dense during rainy season, ground frost can be observed during the winter months above
1800 m altitude. The rainfall data of Gangtok during the years 2000 – 2010 showed monthly variation
of 40 mm in January to 700 m in June (Fig. 5.8). An isohyets map of East district revealed maximum
rainfall in the mid elevation ranges and a decreasing pattern towards upper and lower reaches in the
district (Fig.5.9).

Fig. 5.8. Average rainfall at Gangtok during 2000 and 2010

5.1.4. Soil

Geologically, the area can be divided into six zones i.e., (i) the valley area, which is classified as lower
glacio-fluvial valley and characterized by coarse-loamy Typic Haplumbrepts and coarse-loamy over
fragmental Typic Udicorthents kind of soil family associations; (ii) the very steep side slope, moderately
dissected with 40 % forest cover characterized by coarse-loamy Typic Haplumbrepts and loamy-
skeletal Typic Udorthents family association; (iii) very steep side slope (33 – 50 %), highly dissected
with 20 – 40 % forest cover characterized by coarse-loamy Pachic Haplumbrepts and fine-loamy
Umbric Dystrochrepts; (iv) Periglaciated land, characterized by loamy-skeletal Lithic Cryorthents and
coarse-loamy Cryumbrepts; (v) rocky cliffs, characterized by coarse-loamy Lithic Udorthents and solid
rock; and (vi) very steep side slope (50 %), highly dissected with 20 % forest cover, characterized by
coarse-loamy Typic Hapludolls and loamy-skeletal Typic Udorthents (NBSS & LUP, 1996). The soil
map of east district, Sikkim is shown in Fig. 5.10.

The description of the soil class is shown in Annexure VI.
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Fig. 5.9. Average Annual Rainfall map of east district, Sikkim showing Isohyets of rainfall

Fig. 5.10. Soil map of East district based on NBSS & LUP (1996) information
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The soil developed from the gneissic group of rocks is brown clay, generally shallow and poor. The
soil resulting from Daling group of rocks is dark grey, porous, rich and adaptable to most species. In
the district forest soil is excellent, with adequate depth. The soil formation of valleys is due to
decomposition of the Daling rocks.  The resulting soil is sandy loam and dark grey with considerable
amount of sand and is less acidic which supports sal and associated species. In higher reaches of
steep slopes where the soil is predominantly of the gneissic group developed on the schist and humus
podozols holds good for growth of numerous species of commercial importance. The greater portion
of the East district, has gneissic rocks giving rise to different types of soil. The brown clayey soil is
s h a l l o w  a n d  h i g h l y  a c i d i c ,  w h i c h  s u p p o r t s  t h e  g r o w t h  f o r  t h e  s p e c i e s  o f Alnus, Engelhardtia,
Macaranga, etc.  The dark brown soil is deep and more fertile and is usually found on the slopes and
depressions. The soil on the ridges is shallow, poor and sticky and reddish yellow due to exposure of
destruction of ground vegetation by natural calamities and anthropogenic interventions mainly through
excessive grazing.

5.1.5. Forest type and density
The forest type zonation map of East district, Sikkim as per classification system is shown in figure 5.11.
The forests of East District is broadly identified as Lower hill forests (Tropical and sub-Tropical), Middle
hill forests (Temperate) and Upper hill forests (Alpine). The area covered by each forest types are
presented in Table 5.2.

Fig. 5.11. Forest type zonation map of East district of Sikkim
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Table 5.2. The area covered by each forest type in the East district of Sikkim

Forest type Zones Area (ha)

300 – 900 (Lower Hill-Tropical Semi Evergreen Forest) 9800

900 – 1800 (Middle Hill-Sub-tropical Mixed Broad Leaved Hill Forest) 34600

1800 – 2400 (Upper Hill-Himalayan Wet Temperate Forest) 16300

2400 – 3000 (Sub Alpine Forest) 9400

3000 – Above (Alpine Forest) 25300

Total: 95400

5.2. Plant diversity
Plants were surveyed in the field using nested quadrate method, identified in the field and in the laboratory
and was used for further analysis.

5.2.1. Data entry and design
The final data set of all, nested quadrat numbers, species, genus, family, locality, elevation, cbh, height
etc. are entered into the excel sheet in a designed format which is used for further analyses.

5.2.2. Data analysis
First we see the distribution of plant species in different elevation, the average number of species,
maximum number of species, minimum number of species, and the standard deviation of species in each
of the eight plots in each elevation steps has been analysed (Fig. 5. 12)

There are 224 nested quadrats in 28 elevation steps, have been studied from each elevation
steps. Eight quadrats of 20 x 20 m size (from nested quadrat layout) were used for the collection of trees
and Lianas.  A total 66314 tree individual recorded from the field survey between 500 to 3300 m

Table 5.3. List of 10 dominant tree species along with their total counts

Sl.
No.

Tree Species Total Count during the
field study

1 Schima wallichii 1246

2 Ostodes paniculata 420

3 Alnus nepalensis 351

4 Engelhardtia spicata 313

5 Castanopsis hystrix 312

6 Symplocos lucida 209

7 Macaranga indica 138

8 Acer campbellii 131

9 Rhododendron barbatum 125

10 Engelhardtia spicata 123
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elevation steps, accounting to 159 species covering 106 Genera and 61 families. Schima wallichii
contributed maximum number of stands fallowed by Ostodes paniculata. The top ten dominant
contributor trees are listed in Table 5.3. The lianas recorded from the 20 x 20 m plots, accounted to
3406 individuals with 13 families, 50 genera and 82 species.

Similarly shrubby species were collected from 448 (5 x 5 m) quadrats from 28 elevation steps, all
together 14357 individual shrub with 121 species were recorded from the study area. Yushaniapantlingii
contributed more than 1000 individuals fallowed by Dichroa febrifuga, Yushania maling, Boehmeria
macrophylla, Arundinaria acerba, Mussaenda bevanii. Osbeckia crinita and Chimonocalamus
griffithianus contribute more than 500 individuals in the East district, Sikkim.

On the other hand the herbaceous ground cover species were also collected from 1120 (1 x 1 m)
quadrats from 28 elevation steps. Altogether 66314 individual herbaceous plants covering 302 species
were recorded from the study area. Amongst all herbs, Cynodon dactylon  contributed more than
7000 individuals, followed by Nephrolepis cordifolia, Selaginella ciliaris, Ageratina adenophora,
Dryopteris sikkimensis, Elatostema obtusum are other major contributor herbs of East district, Sikkim.

Fig. 5.12. Box plot of average maximum, minimum and standard deviation of every eight quadrat data in
28 elevation steps [5-32= (550 – 3250)]

A maximum of 136 species recorded in 900 – 1000 m fallowed by 122 species at 800 – 900 m
and minimum 6 species were recorded from 3200 – 3300 m. The minimum standard deviation was 4 at
600 – 700 m and maximum slandered deviation 28 at 3000 – 3100 m elevation steps and the details are
shown in figure 5.12.

The plant habit groups (trees, shrubs, herbs and lianas) were distributed in different altitudinal
gradient. There is wide distribution of all habit groups within these regions. The herbaceous species are
higher in the elevation between 1800 to 2900 m. The shrubby species decreased after 1800 – 1900 m.
The highest peak of species richness has been seen at the elevation of 950 m between 900 – 1000 m,
at 1,550m within 1500 – 1600 m and at 2,250 m within 2200 – 2300 m elevation zones. This is because
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Fig. 5.13.  Habit group richness along the 100 m elevation gradient

of ecotone region of tropical as well as sub-tropical, warm broad-leaved forest/ alder forest (Temperate)
and temperate and sub-alpine forests of the East district.

The percentage of herbs along the elevation gradient is higher as compared to other habit groups.
However, with an increase in altitude the number of all habit groups also decreases. Herbs decline from
the elevation of 2400 – 2600 m. The major factor behind the decline of herb population could be
attributed to the dense shrubby plants like Arundinaria acerba, Chimonocalamus griffithianus,
Arundinaria racemosa etc., which does not allow other species to regenerate and grow up. All together,
there are 664 plant species, 367 genera and 131 families have been recorded during the present study
(Annexures I, II & III).

5.2.2.1. Dominance analysis
Only nine species has been found in more than 20 elevation steps in East district of Sikkim, viz.,.
Castanopsis hystrix, Dichroa febrifuga, Ageratina adenophora, Nephrolepis cordifolia, Polygonum
runcinatum, Polystichum lentum, Pteridium aquilinum, Setaria palmifolia, Tectaria gemmifera
out of of them Pteridium aquilinum is found distribution in all elevation steps of the area studied. More
than 190 species has been found in the single elevation gradient. The detailed list of herbs, shrubs and
trees and epiphytes with every elevation steps are given in theAnnexure- V.

Castanopsis hystrix, Engelhardtia spicata var. integra, Ostodes paniculata and Schima
wallichii are the dominant tree species of tropical forests. Similar species has reported by ISRO (1994)
where as Boehmeria macrophylla, Ficus hirta, Mussaenda bevanii and Osbeckia crinita are the
dominant shrub species of this region. Achyranthes bidentata, Commelina paludosa,  Drymaria
cordata, Dryopteris sikkimensis, Eupatorium cannabinum,  Nephrolepis cordifolia, Polygonum
runcinatum, Polystichum lentum, Pouzolzia viminea,  Pteridium aquilinum, Setaria palmifolia,

Result: Species Richness along the altitude 69



and Tetrastigma rumicispermum are found to be dominant species up to 1000 m  i.e. in tropical
forests. (Annexure- II)

In the sub-tropical region (1000 – 1800 m), Alnus nepalensis Castanopsis hystrix, Engelhardtia
spicata var. integra, Ostodes paniculata and Schima wallichii are found to be dominant species of
trees. The species like Boehmeria macrophylla, Dichroa febrifuga, Ficus hirta, Mussaenda bevanii,
Osbeckia crinita are dominant in the sub- tropical forest between (1000 – 1800 m) elevation range.
The species of Digitaria ciliaris, Ageratina adenophora, Nephrolepis cordifolia, Polygonum
runcinatum, Polystichum lentum, Pteridium aquilinum and Selaginella ciliaris are observed to be
dominant herbs in this region.

As it see the dominant species of the temperate forests (1900 – 2400 m) of East district, dominance
of Alnus nepalensis, Machilus edulis, Quercus lamellosa  and Symplocos lucida were found. The
species of Chimonocalamus griffithianus, Daphne papyracea, Dichroa febrifuga, Edgeworthia
gardneri, Eurya japonica, Himalayacalamus hookerianus, Rubus ellipticus, Symplocos glomerata
are dominant shrubs found in this eco-region. The species like Arisaema galeatum, Cissus repens,
Elatostema obtusum, Elsholtzia flava, Eupatorium cannabinum, Fragaria rubiginosa, Lecanthus
peduncularis, Polygonum runcinatum, Polystichum lentum, Pouzolzia viminea, Pteridium
aquilinum, Setaria palmifolia, Tectaria gemmifera, Tetrastigma rumicispermum are dominant
herbaceous species found in the wet Himalayan temperate forest.

The sub-alpine and moist alpine regions of Sikkim lay between (2500 – 3700 m). In this study,
data up to 3300 m has been collected. So, dominant species of trees found in this eco- region are Acer
campbellii, Magnolia campbellii, Rhododendron barbatum, and Viburnum cotinifolium. The species
like Arundinaria acerba, Himalayacalamus falconeri, Polygonum molle, Viburnum cotinifolium,
Viburnum erubescens and Yushania pantlingii are dominant species of shrubs in this eco-belt. The
herbaceous plants, Cyperus distans, Cyperus tenuiculmis, Elatostema obtusum, Fragaria
daltoniana, Nephrolepis cordifolia and Rubia wallichiana are dominant species of herbs of this
region.

5.2.2.1.1. Frequency and Relative Frequency: In order to know the diversity of species, genera
and families, the Frequency (F) and Relative Frequency (RF) of different species, genera and families
were calculated, using the formulae as described in methodology. (Annexures I, II & III)

Amongst all the 664 species, Pteridium aquilinum is recorded with 100 % frequency followed by
Polystichum lentum, Polygonum runcinatum, and  Nephrolepis cordifolia with 82 % and Dichroa
febrifuga, Ageratina adenophora with 75 % frequency. However, more than 100 species were recorded
with less than 4 % frequency.

5.2.2.1.2. Density and Relative Density: The Density (D) and  Relative Density (RD) were also
calculated in the excel sheet for the determination of Importance Value index (IVI) (Annexure I, II &
III) among all species Schima wallichii contribute maximum value followed by Ostodes paniculata
and Alnus nepalensis.

5.2.2.1.3. Abundance and relative abundance: Similarly as above we calculate the abundance and
relative abundance species, genera and families (Annexure I, II & III)
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5.2.2.1.4. Importance Value Index

The concept of Important Value Index (IVI) has been developed for expressing the dominance and
ecological success of any species with a single value (Mishra, 1968). This index utilizes three characteristics,
those are (1) Relative frequency, (2) Relative density and (3) Relative abundance. The three characteristics
are computed using RF, RD and RA for all the species falling in all the quadrants by using the following
formula.

IVI = RF + RA + RD

The IVI of all species, genus, and family has been calculated. The detail is in (Annexure I, II, & III).

Among the species Schima wallichii, Ostodes paniculata, Alnus nepalensis, Castanopsis hystrix,
Engelhardtia spicata var. integra and Nephrolepis cordifolia scored IVI value over 3 among all the
recorded species. Schima wallichii scored the highest IVI 12.19, followed by Ostodes paniculata
with 4.64.

At the generic level Schima, Rhododendron, Ostodes, Engelhardtia, Castanopsis, Viburnum,
Alnus, Cyperus, Eupatorium, Selaginella, Symplocos, Nephrolepis, Polygonum, Dryopteris scored
IVI more than 3 and among all Schima scored 14.33, followed by Rhododendron (6.12).

As it is observed, IVI at the family level, there are 32 families having the over 3 IVI score and 6
families viz. Theaceae, Poaceae, Euphorbiaceae, Urticaceae, Fagaceae, Ericaceae having the IVI value
of more than seven, with Theaceae scored the highest (18.1).

5.2.2.2. Diversity Indices
The diversity of different groups of organism or different communities is useful not only to the extent that
it contributes to the understanding of the process that structure those communities. The number of
species in a sample is generally called species richness whereas the species in respect of the sample size
of the area is species diversity. The diversity often described using statistical formula that combine both
the components. The best known of these composite statistics is the Shannon-Wiener Index of 1949
and 1963. This index was selected for the analysis as it is widely used to express the species diversity
and it is moderately sensitive to sample size (Castrezana & Markow, 2001).

5.2.2.2.1. Margalef Index (MI): In the present study the total species richness i.e. Margalef Index
(MI) (Margalef, 1958) were recorded from 6.79 to 19.33 across the 550 – 3250 m elevation gradient.
At the highest elevation, 3200 – 3300 m the minimum richness was 60 species and the MI calculated to
6.79, while the maximum values of 155 species and MI 19.33 were recorded at the elevation of 2250
m (Fig. 5.14).

Above 3000 m elevation, both the parameters, species richness and MI decreased from 86 to 60
species and 10.50 – 6.79 exponentially with increase in elevation and subsequently dropped to a minimum
at 3250 m elevation.

5.2.2.2.2. Simpson’s Index (Simpson, 1949): In this of species dominance were in between the range
2.48 to 54.60, higher the value more is the dominance. Recorded maximum value of 54.60 was from
the 1850 m steps. The Simpson’s Index 2.48 was recorded at 3250 m elevation. Shannon-Wiener
Diversity Index (H’) were recorded from 1.95 to 4.40 across the elevation gradient of 550 – 3250 m.
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The minimum values of 1.95 was recorded at 3250 m and the maximum value of 4.40 at 2250 m
elevations (Fig. 5.15).

5.2.2.2.3. Shannon-Wiener index (H’): In the present analysis the value of Shannon Weiner Diversity
Index (1949) falls between 1.9 and 4.4, only. In the tropical and sub-tropical region the value falls in
between 3.7 to 4.3 (Fig 5.16). It would indicate that the numbers of individuals are evenly distributed
between all the species in tropical and sub-tropical forest.

5.2.2.2.4. Pielou’s Index (J) [Evenness] (Pielou, 1966): Evenness expresses how evenly the individuals
in a community are distributed among the different species. It expresses the measurement of evenness
pattern of species in the study area. It was recorded from 0.48 to 0.89 in 550 – 3250 m range with
maximum of 0.89 at the 1850 m. The highest species richness has been observed in the elevation of 950
m. However, less evenness has been seen at the 950 m elevation plots (Fig. 5.17).

The details of the values of different Indices has been provided in Table 5.4.

Table. 5.4. Records of different diversity indices at different altitudinal steps in the East district of
Sikkim.

Mid
elevatio
n Value

Total
number
of
species
(S)

Total
number
of
individu-
als (N)

Natural
log of
species
(lnS)

Natural
log of
Individual
(lnN)

Margalef
index
(M)[Sp
Richness]

Simpson's
index
(1/D)[dom
-inance]

Shannon-
Wiener
index
(H')[Dive
rsity]

Pielou's
index (J)
[Evenn-
ess]

550 127 2822 4.84 7.95 15.86 30.80 4.05 0.84

650 96 2736 4.56 7.91 12.00 32.63 3.90 0.86

750 106 3049 4.66 8.02 13.09 31.95 3.90 0.84

850 121 3094 4.80 8.04 14.93 34.36 3.99 0.83

950 134 3606 4.90 8.19 16.24 19.20 3.79 0.77

1050 134 3259 4.90 8.09 16.44 39.96 4.15 0.85

1150 109 2997 4.69 8.01 13.49 29.47 3.85 0.82

1250 126 3572 4.84 8.18 15.28 32.49 4.00 0.83

1350 106 2510 4.66 7.83 13.41 23.91 3.77 0.81

1450 128 4026 4.85 8.30 15.30 31.93 3.97 0.82

1550 133 4361 4.89 8.38 15.75 38.88 4.13 0.84

1650 122 4350 4.80 8.38 14.44 29.79 3.93 0.82

1750 130 3173 4.87 8.06 16.00 30.48 4.04 0.83

1850 134 1712 4.90 7.45 17.86 54.60 4.35 0.89

1950 140 2971 4.94 8.00 17.38 28.65 4.09 0.83

2050 109 4181 4.69 8.34 12.95 31.59 3.95 0.84

2150 143 3181 4.96 8.07 17.61 43.78 4.25 0.86

2250 155 2883 5.04 7.97 19.33 52.42 4.40 0.87

2350 109 3435 4.69 8.14 13.27 31.37 3.93 0.84

2450 146 3189 4.95 8.07 17.97 41.69 4.24 0.85

2550 119 3082 4.78 8.03 14.69 18.42 3.69 0.77

2650 142 2667 4.96 7.89 17.87 36.57 4.18 0.84

2750 124 3540 4.82 8.17 15.05 12.57 3.36 0.70

2850 102 2143 4.63 7.67 13.17 26.49 3.82 0.83

2950 112 2404 4.72 7.79 14.26 13.86 3.47 0.74

3050 86 3268 4.45 8.09 10.50 12.19 3.81 0.74

3150 80 2549 4.38 7.84 10.07 21.82 3.56 0.81

3250 60 5930 4.09 8.69 6.79 2.48 1.95 0.48
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Total
number
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(S)

Total
number
of
individu-
als (N)

Natural
log of
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(lnS)

Natural
log of
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(lnN)

Margalef
index
(M)[Sp
Richness]

Simpson's
index
(1/D)[dom
-inance]

Shannon-
Wiener
index
(H')[Dive
rsity]

Pielou's
index (J)
[Evenn-
ess]

2250 155 2883 5.04 7.97 19.33 52.42 4.40 0.87

2350 109 3435 4.69 8.14 13.27 31.37 3.93 0.84

2450 146 3189 4.95 8.07 17.97 41.69 4.24 0.85

2550 119 3082 4.78 8.03 14.69 18.42 3.69 0.77

2650 142 2667 4.96 7.89 17.87 36.57 4.18 0.84

2750 124 3540 4.82 8.17 15.05 12.57 3.36 0.70

2850 102 2143 4.63 7.67 13.17 26.49 3.82 0.83

2950 112 2404 4.72 7.79 14.26 13.86 3.47 0.74

3050 86 3268 4.45 8.09 10.50 12.19 3.81 0.74

3150 80 2549 4.38 7.84 10.07 21.82 3.56 0.81

3250 60 5930 4.09 8.69 6.79 2.48 1.95 0.48

Fig. 5.14.  Margalef index (MI) of Species Richness along100 m elevation gradients

5.2.2.3. Richness of Species, Genus and Family along the altitude
In the present study the richness of the species genus and family has been analysis using data from three
elevation steps viz. 100 m, 200 m and 300 m.

5.2.2.3.1. Along 100 m elevation step: A total of 224 quadrants have been laid down in 28 elevation
steps along the altitudinal gradient of 500 – 3300 m. This has captured a variety of disturbed areas in the
lower elevation, reserve forests, wildlife sanctuaries in the middle to higher elevation representing different
slope and aspect in the East district of Sikkim (Fig. 5.18).
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Fig. 5.15. Species dominance along the 100 m elevation gradients

A total of 664 species, 367 genera and 131 families have been recorded in the present study, out of
which 158 were tree species, 197 were shrubs, 91 epiphytic and 304 terrestrial herbs (Annexure- I, II
& III).

Fig. 5.16. Shannon-Wiener index of species diversity along the 100 m elevation gradients
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Fig. 5.17.  Species Evenness along the 100 m elevation gradient

Fig. 5.18.  Plant species distribution along the 100 m elevation gradient

Species: A total of 60 species only at the elevation of 3250 m and the maximum of 155 species at the
elevation of 2250 m have been recorded. There is a gradual increase in the species upwards from the
lower elevation and reach up to 134 species in the elevation between 950 – 1050 m representing ecotone
zone of tropical and sub-tropical forests of Sikkim. The dominant species of these two zones are Schima
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Fig. 5.19.  Distribution of plant genera along the 100 m elevation gradient

Genus: Present study has recorded a total of 367 genera along the elevation gradient of east district,
Sikkim. The Schima has contributed the highest Importance Value Index (IVI) followed by Rhodo-
dendron, Ostodes and Engelhardtia (Annexure II). In the elevation zone of 2250 – 2350 m the
highest number of 121 genera has been recorded.  In the ecotone of temperate and sub-temperate
zones similar pattern has been observed. However, the least number of 46 genera has been located at
3,250 m. A hump-shaped relationship with the elevation showing peak at around 1750 – 1850 m is
given in Fig 5.19. In the lower and middle elevation band, genera like Schima, Alnus, Engelhardtia,

wallichii, Castanopsis hystrix, Alnus nepalensis, Engelhardtia spicata var. integra etc. The species
richness patterns, again, decreases slowly and again increases at the elevation between 1850 – 1950 m
with the total number of species of 134 (at 1850 m) and 140 (at 1950 m), respectively. This zone corresponds
to the ecotone zone of sub-tropical and template forests. The dominant species of ecotone zone areAlnus
nepalensis, Engelhardtia spicata var. integra, Mallotus sp. Ostodes paniculata etc. The highest number
of 155 species has been spotted at an elevation of 2250 m. In the ecotone of temperate and sub-temperate
zones the dominant species were Quercus lamellosa, Machilus kurzii, Symplocos lucida, Viburnum
sp. etc. The richness pattern gradually decreases upwards from the elevation of 2450 m.

Amongst the species richness pattern the contribution of Schima wallichii is the highest followed
by Ostodes paniculata, Alnus nepalensis, Castanopsis hystrix, Engelhardtia spicata var. integra
along the altitudinal gradient (Annexure- I).

For the 100 m elevation step data has been analysed and found statistically not significant (R2

=0.502) (Fig.5.18), with a t-value of t=5.118.
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Fig. 5.20.  Distribution of plant families along the 100 m elevation gradient

Family: Out of the recognized 131 families occurring in 28 elevation steps, maximum number of
70 families have been observed in the elevation band of 1400 – 1500 m and a minimum number of
33 families in the 3200 – 3300 m band. The number of individual families in each 100 m elevation
steps have been plotted in figure 5.20, representing a hump- shaped relationship with a peak at
around 1700 – 1800 m. However, the second order of polynomial regression (R² = 0.765, p<0.02)
shows that the relation between the family and elevation in 100 m elevation step is statistically
significant. Theaceae, Poaceae, Euphorbiaceae, Urticaceae, Fagaceae, Ericaceae, Juglandaceae
etc. are the dominant families along the altitudinal gradient of 100 m in the East district of Sikkim
(Annexure- III).

5.2.2.3.2. Along 200 m elevation step: The plot of the species richness along the elevation steps of
200 and 300 m elevation signify the relation between species richness along this elevation gradient. It

Castanopsis Ostodes etc. are dominating, while in the middle and higher elevation band Rhododen-
dron, Viburnum, Quercus and Acer are dominants.  However, in the second order polynomial re-
gression (R² = 0.657) relation between genus along the 100 m elevation steps has been found insig-
nificant with t=4.148.

was observed in the polynomial regression in 200 m elevation step with a R² = 0.553, the relationship
between species richness along the 200 m altitudinal band is statistically significant at p<0.01 level
(Fig.5.21) and in 300 m elevation the R² = 0.743, p<0.01 Fig.4.24. In 200 m elevation gradient, the
highest peak occurred at around 1,800 m but in 300 m elevation the species richness gradually decrease
upward from 1900 m elevation step.
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Fig. 5.21.  Distribution of plant species along the 200 m elevation gradient

Fig. 5.22.  Distribution of plant genera along the 200 m elevation gradient

5.2.2.3.3. Along 300 m elevation step:

The similar pattern was observed for the genera as it was noticed along the elevation gradient of 200 m
and 300 m, where R² = 0.764, p< 0.05 and R² = 0.8621, p< 0.05 has been calculated in polynomial
regression equation (Fig. 5.22 and Fig. 5.25) respectively.
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Fig. 5.23.  Distribution of plant families along the 200 m elevation gradient

Fig. 5.24.  Distribution of plant species along the 300m elevation gradient

As the number of families were plotted along the gradient of 200 m and 300 m elevation steps, the
number of families increases from lower elevation level i.e 500 – 600 m up to 1800 – 1900 m. After-
wards the number of families decreases with the increase in elevation. In the polynomial regression
equation the R2 value of 200 m elevation band is R² = 0.875 and in 300 m elevation band R² = 0.907
(Fig.5.23 & Fig.5.26).
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Fig. 5.25. Distribution of plant genera along the 300 m elevation gradient

Fig. 5.26.  Distribution of plant families along the 300 m elevation gradient

5.2.2.4. Endemic species
More than 200 species of plants are reported as endemic in the Sikkim Himalaya (Lepcha & Das
2011). The total number of individuals, species, genera and families observed were recorded from the
East district during the present survey. A total of 224 plots were sampled randomly in various elevation
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bands and has recorded 664 species of plants, out of which 34 species were found to be endemic.
There are 14 families out of which Poaceae and Ericaceae contributed more number of species followed
by Orchidaceae. Table 4.5 shows the list of endemic species found in the study area.

Total 34 endamic species of the Himalaya region are recorded from the study area out of which
6 species recorded from single elevation steps. Brassaiopsis mitis found the largely extended species
which is recorded from 500 – 3000 m elevation steps fallowed by Maesa chisia and Digitaria ciliaris
recorded from 500 – 2900 m and 600 – 2900 m elevation steps respective
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