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Abstract

INTRODUCTION

Analysis of vegetation of temperate forest at Sang-Tinjure area of
FambongLho Wildlife Sanctuary in Sikkim, India

Sanjyoti Subba1,3, Suraj Subba1, Dorjee Chewang Bhutia1

and Bharat Kr. Pradhan2

1Sikkim Biodiversity Conservation and Forest Management Project
 2State Biodiversity Board

Department of Forest, Environment and Wildlife Management, Deorali 737102, Sikkim, India
3Correspondence author, e-mail: sanjyoti234@gmail.com

A total of 88 plants species were recorded of which 33 tree species, 30 herbs and 12 shrubs-
scrub, 10 climbers and 1 epiphyte were recorded in a total of 16 sampling plots. Raunkiaer’s life
form assessments revealed the Phanerophytes (44.7) representing the highest, which is canopy
forming plant species followed by Hemicryptophytes (16.0) representing the ground vegetation
of herbs species. The tree species of which the highest adult individual were recorded from
Castanopsis tribuloides (Sm.) A.DC. (387.50 Ind/ha) followed by Leucosceptrum canum Sm.
(212.50 Ind/ha). IVI of adult (tree) was recorded highest for Castanopsis tribuloides (Sm.)
A.DC. (62.7) followed by Quercus lamellosa Sm. (22.6), Symplocos lucida (Thunb.) Siebold &
Zucc. (20.9) and Symplocos glomerata King ex C.B.Clarke (13.2), respectively. The abundance
to frequency ratio revealed all the adult individuals of tree to be contagious distributed except
Acer caudatum Wall.,and Cinnamomum impressinervium Meisn. which showed the random
distribution but none of the species showed regular distribution. The species diversity (H) and
richness of trees (adult, sapling and seedlings) in the site were found as highest in concentration
for the tree (H = 3.17) followed by seedling (H=2.68) and sapling (H = 2.60) in the area of 0.064
ha. Several girth classes were measured.

Key words: Plant life form, Species diversity, Species richness, temperate forest, vegetation
analysis

The vegetation throughout the world is normally formed by one or more plant communities,
exhibiting a homogenous stand or more often a heterogeneous assemblage. In nature, it is
found that each plant community is a unique system having its own characteristics in terms
of structural, functional and spatial features. Normally any type of vegetation should constitute
some specific plant species composition and physiognomy, which largely defines the habitat
type which again select the plants of definite life-forms by (Smith 2013). Raunkiaer’s systems
of life-form classification there are five major classes viz., Phanerophytes, Chamaephytes,
Hemicryptophytes, Cryptophytes and Therophytes by Raunkiaer’s 1934).  Plants can be
grouped in life-form classes based on their similarities in structure and function of forest
(Mueller-Dombois & Ellenberg 1974) and also study of vegetation description (Cain 1950).

Understanding the life-forms is a primary objective and basic requirement for most of
the plant ecological works to understand the community dynamics, its functional aspects,
succession, vegetation continuum and many more. Usually vegetation is relatively easy to



measure and monitor both in space and time, and also at various magnitudes. Different
vegetation tracts are the actual pool of biodiversity which differs from place to place and
each one showcasing its unique identity. In fact, biodiversity itself in its true form is the face
of the vegetation. As vegetation also represents an ecosystem, or a part of the ecosystem, it
helps to know about it, before trying to understand any specific ecosystem. Monitoring
ecosystem health and changes in biodiversity can be achieved to a significant degree by
monitoring changes in vegetation. In recent years the baseline value of vegetation is becoming
so important that standardized classification of ecological communities using vegetation has
been recognized as an essential tool for identification, monitoring, and conservation of
ecosystems (Grossman et al.1988; NatureServe 2003). This very important thought is
entrenched in the present work and many similar works currently in progress by Subba et al.
(2015, Subba et al. 2016) in the region with underlying idea of long-term monitoring of
vegetation changes in Sikkim forests.

Sikkim Himalaya which constitutes a part of the Eastern Himalayan ensemble (others
being Arunachal Himalaya, Bhutan Himalaya and Darjeeling Himalaya) follows altogether
similar characteristics in biotic richness with the other three regions for which it is recognized
under world biodiversity hotspots. The Eastern Himalaya is also referred as the Cradle for
Flowering Plants (Takhtajan 1969) and the region houses largest number of endemic and
schedule I species than anywhere else in the country (MacKinnon & MacKinnon 1986).
The Sikkim state is endowed with rich floral and faunal species diversity in (http://
www.sikkimforest.gov.in). In this sense the plant diversity of Sikkim is considered as a rich
biodiversity because of the species richness and diverse plant community. Present study,
therefore, is a small step towards understanding a plant community on ecological footing of
a protected area in Sikkim.

The objective of the present paper is to describe the vegetation structure, plant species
composition and diversity from 16 plots in the Sang-Tinjure area in FambongLho Wildlife
Sanctuary in Sikkim.

STUDY AREA

The survey was conducted in the Sang-Tinjure area of FambongLho Wildlife Sanctuary
(FWS) in East Sikkim. FWS is covering an area of 51.76 sq km and the altitude ranges
between 1200 and 2624 m asl. The highest point of this sanctuary, Tinjure, can be reached
from more than one point. This sanctuary is described as very rich in biodiversity by (Pradhan
& Lachungpa 2015), which is natural, virgin and to a large part still remains undisturbed.
However, at certain patches the forest department has made plantations of fast growing
Cryptomeria japonica for timber purpose. The elevation of the study site ranges between
1600 m and 2300 m asl lying between 27o16’20.7 – 27o17’50.62 N latitudes and 880 30’04.4’
– 88031’31.4 E longitudes on the northeastern part of the sanctuary.  Over 50 mammalian
species and 280 bird species have been reported from the sanctuary and its surrounding
areas (Pradhan & Lachungpa 2015).

METHODOLOGY

In April 2013, random samplings of the study site were done through the laying of 16 nested
quadrate plots. The largest quadrate of 20 X 20 m was laid at every 50 – 90 meter distances
depending upon the site feasibility, covering total area of 0.064 ha. Within these the tree
sampling quadrat of 20 X 20 m and four 5 X 5 m quadrates were laid for shrub, tree-saplings
and scrub and at the centre, and five 1 X 1 m for herb and seedlings were laid out (Das &
Lahiri 1997). Plant samples were identified using standard floras (Hooker 1888-97; Hooker
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1849; Pradhan & Lachungpa 1990; Kholia 2010). The shrubs/scrub was calculated by percent
cover of species. The unidentified plants were photographed and later identified by consulting
plant taxonomists and web references (www.efloras.org; www.flowersofindia.net &
www.floraofchina) were made and also consulting with the local communities of the nearby
villages. For the updated nomenclature of plants http://www.theplantlist.org was consulted.
All the sampling plots were geotagged for references for long-term monitoring and altitude
of each plot was recorded (Table 1).

Quantitative Analysis

The quantitative analysis such as frequency, density, and abundance of the recorded species
were determined as per (Curtis & McIntosh 1950).

1. Frequency (%) (F) =
Total no. of  quadrates in which the species occurred

Total no. of quadrates studied

X 100

X 100

X 100

X 100

X 100

X 1002. Relative Frequency (RF) =
Frequency of a species

Frequency of all species

3. Density (D)  =
Total no. of individual in all the quadrates

Total no. of quadrates studied

4. Relative  Density (RD) =
Number of individual of a species

Total number of individuals of all species

5. Abundance (A) =
Total number of individuals of a species

Total number of quadrates in which the species occurred

6. Relative Dominance (RDo) =
Total basal cover of individual species

Total basal cover of all species

7.  Basal cover = Pi *r2

8. Importance Value Index (IVI) = RD + RF + RDo

9. Species Diversity Index:

The Shannon-Weiner diversity index (Shannon & Weiner 1963) is calculated using
the species diversity in a community

               S
H’=-”(ni/N)log

2
 ni/N)

         i=1

Where, ‘ni’ represents total number of individuals of particular species, and ’N’
represents the total number of individuals of all species.

10. Species Richness

It is simply the number of species per unit area. (Margalef’s index of species rich-
ness 1958) was calculated by using formula.

D= (S-1)/ln(N)

Where, ‘S’ = the number of species in the sample and ‘N’= the total number of
individual in the sample.
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RESULTS

Vegetation Life-form Spectrum

From the study site, a total of 88 plant species were recorded from the selected 16 sampling
plots. Out of these 33 are trees, 30 herbs, 12 shrubs, 10 climbers and 1epiphytes. Raunkiaer’s
life-form assessments revealed in the 5 spectra were represented by Phanerophytes,
Chamaephytes, Hemicrytophytes, Geophytes and Epiphytes. The missing life-forms in the
site were Aerophytes, Helophytes, Hydrophytes and Therophytes. Highest percent among
the life-forms was of the Phanerophytes (44.7%) representing the canopy forming plant
species followed by Hemicryptophytes (16.0 %) representing the ground vegetation of
herbaceous species. Between the ground flora and canopy-forming species other life-forms
like Chamaeophytes (13.8 %), Epiphytes (11.7 %) and Geophytes (2.1 %) were recorded
(Figure 1).

Fig. 1: Plant Life-form spectrum of temperate forest at Sang-Tinjure in East Sikkim.

Fig. 2: Correlation between the altitude and total number of individuals
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The correlation between the altitude and total number of individuals showed the
maximum of 51 of plant species being recorded in plot no. 5 at 1939 m altitude followed by
plot no. 15 with 47 plant species at 2213 m and plot no. 16 with 45 plant species at 2258 m
altitude (Figure 2).

Site characteristics including the geographic location of sampling plots, species richness,
humus depth, slope angle, etc. in the study area has been presented in Table 1.

Table 1: Site Characteristics & Species richness of the sampling plots in the Sang-Tinjure in
FambongLho Wildlife Sanctuary, East Sikkim (between latitude 27°16’20.7"- 17’50.62"&
longitude 88°30’04.4" - 31’31.4")

Site 
code 

Altitude 
(m)  

Slope 
angle (o) 

Slope 
Aspect 

Humus 
depth (cm) 

Species 
Richness 

Disturbance 

P1  1686 30 E 1 15.65  Fodder, fuel wood collection 

P2 1762 20 E 1 15.71  Fuel wood collection 

P3 1816 15 E 1 15.66  Cut stumps 

P4 1895 35 E 1 15.70  Cut stumps 

P5 1939 20 E 2 15.74  Fuel wood collection 

P6 1995 35 E 1 15.71  Fodder collection 

P7 2028 40 SE 1 15.69  Fodder collection 

P8 2051 25 SE 0.5 15.67  Fuel wood collection 

P9 2105 15 N 1 15.60  Grazing 

P10 2194 15 W 1 15.71  Cut stumps 

P11 2245 20 W 1 15.65  Cut stumps 

P12 2242 20 E 0.5 15.65  Cut stumps 

P13 2228 35 NW 0.5 15.67  Cut stumps 

P14 2253 30 NW 1 15.71  Cut stumps 

P15 2213 35 SW 2 15.72  Fodder, fuel wood collection 

P16 2258 40 N 1 15.71  Nil 

Tree Density and Frequency

The tree species were recorded cumulatively viz., adult, sapling and seedling from 16
plots, the highest adult individuals were recorded is Castanopsis tribuloides (387.50 Ind/
ha) followed by Leucosceptrum canum (212.50 Ind/ha), Symplocos lucida (187.50 Ind/
ha) and Rhododendron arboreum (143.75 Ind/ha) The lowest adult tree individual were
recorded from Glochidion acuminatum (18.8 Ind/ha) and Rhododendron grande (18.75
Ind/ha) respectively. For the saplings highest presence was recorded from Symplocos
lucida (637.50 Ind/ha) followed by Cryptomeria japonica (281.25 Ind/ha) and
Castanopsis hystrix (206.25 Ind/ha) whereas from seedling the highest individual was
recorded from Castanopsis tribuloides (325.00 Ind/ha) followed by Symplocos lucida
(306.25 Ind/ha) and Symplocos glomerata 231.25 Ind/ha) were recorded as shown in
Table 2. Under mature trees the highest relative density for major tree species were
recorded from Castanopsis tribuloides (14.9) followed by Leucosceptrum canum (8.2),
Symplocos lucida  (7.2), whereas highest relative frequency of occurrence was recorded
for Castanopsis tribuloides (10.5) followed by Symplocos lucida  (7.5) as shown in
Table 2. The frequency of occurrence in the saplings and seedlings were found highest for
Castanopsis hystrix (RF 10.00 % & 15.91 %) followed by Symplocos lucida (RF 9.0 %
& 10.2 %) and Symplocos glomerata (RF 8.0 %) etc.
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Table 2: Structural data on the major tree species of Sang-Tinjure sampling path in
FambongLho Wildlife Sanctuary, East Sikkim

Scientific name [family]; voucher specimen Density 
(plant/ha) 

Relative 
density 

Relative 
frequency 

Pi 
=ni/N 

lnPi Pi*lnPi 

Acer caudatum Wall. [Sapindaceae]; ST-1 68.8 2.657 5.697 0.027 -3.628 -0.096 

Acer oblongum Wall. ex DC. [Sapindaceae]; ST-2 125 4.831 4.069 0.048 -3.03 -0.146 

Betula alnoides Buch.-Ham. ex D.Don [Betulaceae]; 
ST-3 

37.5 1.449 2.441 0.014 -4.234 -0.061 

Castanopsis hystrix Hook.f. & Thomson ex A.DC. 
[Fagaceae]; ST-4 

56.3 2.174 3.255 0.022 -3.829 -0.083 

Castanopsis tribuloides (Sm.)  A.DC. [Fagaceae]; ST-
5 

387.5 14.976 10.579 0.15 -1.899 -0.284 

Choerospondias axillaris (Roxb.) B.L.Burtt & 
A.W.Hill [Anacardiaceae]; ST-30 

31.3 1.208 1.628 0.012 -4.416 -0.053 

Cinnamomum impressinervium Meisn. [Lauraceae]; 
ST-7 

37.5 1.449 4.069 0.014 -4.234 -0.061 

Cryptomeria japonica (Thunb. ex L.f.) D.Don 
[Cupressaceae]; ST-8 

112.5 4.348 1.628 0.043 -3.135 -0.136 

Elaeocarpus lanceifolius Roxb. [Elaeocarpaceae]; ST-
9 

37.5 1.449 1.628 0.014 -4.234 -0.061 

Engelhardtia spicata Lechen ex Blume 
[Juglandaceae]; ST-10 

50 1.932 3.255 0.019 -3.946 -0.076 

Eurya acuminata DC. [Pentaphylacaceae]; ST-11 87.5 3.382 5.697 0.034 -3.387 -0.115 

Exbucklandia populnea (R.Br. ex Griff.) R.W.Br. 
[Hamamelidaceae]; ST-12 

50 1.932 1.628 0.019 -3.946 -0.076 

Glochidion acuminatum Mull.-Arg. [Phyllanthaceae]; 
ST-13 

18.8 0.725 1.628 0.007 -4.927 -0.036 

Leucosceptrum canum Sm. [Lamiaceae]; ST-14 212.5 8.213 1.628 0.082 -2.5 -0.205 

Lithocarpus fenestratus (Roxb.) Rehder [Fagaceae]; 
ST-15 

50 1.932 3.255 0.019 -3.946 -0.076 

Lyonia ovalifolia (Wall.) Drude [Ericaceae]; ST-22 112.5 4.348 1.628 0.043 -3.135 -0.136 

Macaranga denticulata (Blume) Mull.-Arg.  
[Euphorbiaceae]; ST-16 

68.8 2.657 1.628 0.027 -3.628 -0.096 

Machilus  sp. [Lauraceae]; ST-17 43.8 1.691 3.255 0.017 -4.08 -0.069 

Magnolia campbellii Hook.f. & Thomson 
[Magnoliaceae]; ST-18 

43.8 1.691 1.628 0.017 -4.08 -0.069 

Magnolia doltsopa (Buch.-Ham. ex DC.) Figlar 
[Magnoliaceae]; ST-19 

37.5 1.449 1.628 0.014 -4.234 -0.061 

Magnolia velutina (DC.) Figlar [Magnoliaceae]; ST-
20 

56.3 2.174 1.628 0.022 -3.829 -0.083 

Nyssa javanica (Blume) Wangerin [Cornaceae]; ST-21 62.5 2.415 3.255 0.024 -3.723 -0.09 

Prunus napaulensis (Ser.) Steud. [Rosaceae]; ST-23 50 1.932 4.069 0.019 -3.946 -0.076 

Quercus lamellosa Sm. [Fagaceae]; ST-24 137.5 5.314 5.697 0.053 -2.935 -0.156 

Rhododendron arboreum  Sm. [Ericaceae]; ST-25 143.8 5.556 2.441 0.056 -2.89 -0.161 

Rhododendron grande Wight [Ericaceae]; ST-26 18.8 0.725 1.628 0.007 -4.927 -0.036 

Rhododendron griffithianum Wight [Ericaceae]; ST-27 31.3 1.208 1.628 0.012 -4.416 -0.053 

Rhus chinensis Mill. [Anacardiaceae]; ST-28 37.5 1.449 1.628 0.014 -4.234 -0.061 

Schima wallichii Choisy [Theaceae]; ST-29 37.5 1.449 1.628 0.014 -4.234 -0.061 

Symplocos glomerata King ex C.B.Clarke 
[Symplocaceae]; ST-31 

112.5 4.348 5.697 0.043 -3.135 -0.136 

Symplocos lucida (Thunb.) Siebold & Zucc. 
[Symplocaceae]; ST-32 

187.5 7.246 7.324 0.072 -2.625 -0.19 

 Toona sureni (Blume) Merr. [Meliaceae]; ST-6 43.8 1.691 1.628 0.017 -4.08 -0.069 
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Importance Value Index

Importance Value Index (IVI) of adult trees was recorded highest for Castanopsis tribuloides
(62.7) and is followed by Quercus lamellosa (22.6), Symplocos lucida (20.9) and Symplocos
glomerata (13.2). The lowest adult IVI was recorded for Rhododendron grande (2.9)
followed by Rhus chinensis (3.6), respectively as shown in Figure 3.

Fig. 3: Importance Value Index of the major tree species along Sang-Tinjure sampling plots

Distribution Pattern

The abundance to frequency ratio revealed all the adult individuals of tree species to be
contagious distributed except Acer caudatum and Cinnamomum impressinervium which
showed the random distribution but none of the species showed regular distribution. The
maximum abundance of the species of tree species were recorded for the Castanopsis
tribuloides (13) followed by Symplocos lucida  (9), Acer caudatum, Quercus lamellosa,
Symplocos glomerata, Eurya acuminata (7 for each species) were recorded showed in
Table 3.

Species Diversity

The species diversity (H) and richness of trees (adult, sapling and seedlings) in the site were
found as highest in concentration for the tree (H = 3.17) followed by seedling (H = 2.68) and
sapling (H = 2.60) in the area of 0.064 ha. The value of species richness was found in the
range of trees (15.6 – 15.7) and sapling (15.3 – 15.8) and seedling (15.1 – 15.7) for the
entire sampling plots.
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Botanical  Name Presence in Quadrat Total 
presence 

Acer caudatum Wall.  - - - - - + - - - + + - + + + + 7 

Acer oblongum Wall. ex DC.  + - - + + + - + - - - - - - - - 5 

Betula alnoides Buch.-Ham. ex D.Don  - - - - - + - - - - - - - - - + 3 

Castanopsis hystrix Hook.f. & Thomson 
ex A.DC.  

+ + + - - - - - - + - - - - - - 4 

Castanopsis tribuloides (Sm.) A.DC.  + + - + - + - + + + + + + + + + 13 

 Toona sureni (Blume) Merr.  - - - - - - - - - - - - - - + + 2 

Cinnamomum impressinervium Meisn.  - - - - - - - - + + + - - - + + 5 

Cryptomeria japonica (Thunb. ex L.f.) 
D.Don  

- - + + - - - - - - - - - - - - 2 

Elaeocarpus lanceifolius Roxb.  + - - - - - - - - - - - + - - - 2 

Engelhardtia spicata Lechen ex Blume  + + + + - - - - - - - - - - - - 4 

Eurya acuminata DC.  - - - - - + - + - - + + - + + + 7 

Exbucklandia populnea (R.Br. Ex Griff.) 
R.W.Br.  

- - - + - - + - - - - - - - - - 2 

Glochidion acuminatum  Mull.-Arg.  - - - - - + + - - - - - - - - - 2 

Leucosceptrum canum Sm.  - - - - + + - - - - - - - - - - 2 

Lithocarpus fenestratus (Roxb.) Rehder  - - - - - - + - - + - - - + + - 4 

Lyonia ovalifolia (Wall.) Drude  - - - - - - + + - - - - - - - - 2 

Macaranga denticulata (Blume) Mull.-
Arg.   

- - - + + - - - - - - - - - - - 2 

Machilus sp. - - - - - - - - - + - + - + + - 4 

Magnolia campbellii Hook.f. & Thomson  - - - - - - - - - + + - - - - - 2 

Magnolia doltsopa (Buch.-Ham. ex DC.) 
Figlar  

- + - + - - - - - - - - - - - - 2 

Magnolia velutina  (DC.) Figlar  - + + - - - - - - - - - - - - - 2 

Nyssa javanica (Blume) Wangerin  + + - + - + - - - - - - - - - - 4 

Prunus napaulensis (Ser.) Steud.  - - - - - - - - - + + + +   + - 5 

Quercus lamellosa Sm.  - - - - - - - - + - + + + + + + 7 

Rhododendron arboreum  Sm.  - - - - - - - - - - - - - + + + 3 

Rhododendron grande Wight  - - - - - - - - - - - - - + - + 2 

Rhododendron griffithianum Wight  - - - - - - - - - - - - - - + + 2 

Rhus chinensis Mill.  - - - - + + - - - - - - - - - - 2 

Schima wallichii Choisy  + + - - - - - - - - - - - - - - 2 

Choerospondias axillaris (Roxb.) 
B.L.Burtt & A.W.Hill  

+ + - - - - - - - - - - - - - - 2 

Symplocos glomerata King ex C.B.Clarke  - - - - - + - + - - + + + + - + 7 

Symplocos lucida (Thunb.) Siebold & 
Zucc.  

- - - - - + - + - + + + + + + + 9 

                               TOTAL 8 8 4 8 4 11 4 6 3 9 9 7 8 10 12 12 123 

Table 3: Composition and Distribution of tree species in 16 sampling plots
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Girth Class

On the basis of girth class, other than the above additional sampling under different girth
class was done for precise determination of stand structure with the gradient of 10 cm rise
starting from 30 cm at gbh. The intervals started from 30 – 40 cm and ended at 331 – 340 cm
at gbh. Dominant species as well as a few major tree species of the study site was measured
to understand the community structure. The girth size classes were as follows:

 30-40 = 1; 41-50 = 2; 51-60 = 3; 61-70 = 4; 71-80 = 5; 81-90 = 6; 91-100 = 7; 101-110 = 8; 111-120 = 
9; 121-130 = 10; 131-140 = 11; 141-150 = 12; 151-160 = 13; 161-170 = 14; 171-180 = 15; 181-190 = 
16; 191-200 = 17; 201-210 = 18; 211-220 = 19; 221-230 = 20; 231-240 = 21; 241-250 = 22; 251-260 = 
23; 261-270 = 24; 271-280 = 25; 281-290 = 26; 291-300 = 27; 301-310 = 28; 311-320 = 29; 321-330 = 
30; 331-340 = 31.  

Several girth classes were found missing in between and sometimes large gaps emerged
between two girth-classes. It was noteworthy that some of the species started with size
class 30 – 40 cm at gbh but after that different size-classes kept on missing. In case of
Magnolia campbellii a girth class of 41 - 50 and 61 – 70 cm gbh were recorded after that
there is gap between them and 91 – 100 and 101 – 110 cm gbh were recorded but after that
only 241 – 250 cm gbh was found. In case of Choerospondias axillaris the lower girth-
classes were entirely missing and only 3 entities were found which were recorded for very
mature trees (girth-classes over 100 cm). Similarly, in case of Leucosceptrum canum 22
individuals were recorded and all were falling within the 30 – 40 cm girth-class in all the
sampling plots. The lowest 3 individual girth-classes were recorded for Glochidion
acuminatum which fell within 51 – 60 and 61 – 70 cm girth-classes. In the entire girth-
classes, the 44 maximum individuals were found falling within 30 – 40 cm gbh followed by 35
individual in 81 – 90 cm gbh, 32 individuals in 51 – 60, 61 – 70, and 111 – 120 cm girth-
classes. The minimum, i.e., only 1 individual was found falling within 271 – 280 and 370 –
381 cm at gbh.

Fig. 4: Percent cover for shrub and scrub species.
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Shrub Component

The highest percent cover of shrub was recorded for Rubus ellipticus (34.8 %) followed by
Dichroa febrifuga (17.4 %), Rosa sp. (9.8 %), Viburnum erubescence (9.2 %), Polygonum
molle (8%), Daphne sp. (7.1 %) respectively. The lowest percent cover was recorded for
unidentified (1 %) followed by Rubus paniculatus and Edgeworthia gardneri (each having
2.7 %) as shown in Figure 4.

Herb Component

A total of 30 species of herbs belonging to 26 genera and 17 families were recorded including
fern and fern-allies viz., Polygonum molle D.Don, Arisaema intermedium Blume, Asplenium
laciniatum D.Don, Boehmeria sp., Carex sp., Digitaria sanguinalis (L.) Scop., Diplazium
dilatatum Blume., Allantodia stoliczkae(Bedd.) Ching., Elatostema platyphyllum Wedd.,
Eragrostis cilianensis (All.) Janch., Ageratina adenophorum Spreng., Girardinia
diversifolia (Link) Friis., Gleichenia longissima Blume., Impatiens stenantha Hook.f.,
Lycopodium japonicumThunb., Monachosoram henryi Christ., Nephrolepis cordifolia
(L.) C.Presl., Pilea stricta (Buch.-Ham. ex D.Don) Wedd., Pilea umbrosa Blume.,
Plagiogyria pycnophylla (Kunze) Mett., Pouzolzia sanguine (Blume) Merr., Rumex
nepalensis Spreng., Selaginella biformis A.Braun. ex Kuhn., Selaginella chrysocaulos
(Hook. & Grev.) Spring., Selaginella monospora Spring., Smilax aspera L., Urtica dioica
L., Urtica parviflora Roxb., Oreocnide frutescens (Thunb.) Miq., and Viola sikkimensis
W.Becker etc., in entire sampling plots shown in (Figure 5).  The family wise species
composition the highest number of taxa was recorded for Urticaceae family (9) followed by
Selaginellaceae (3), other remaining was showed in (Figure 6).

Fig. 5: Spectrum of taxa for herbs (ground cover plants)

DISCUSSION

This study reveals a floral assemblage of 88 species of plants in an estimated 0.064 ha of
study area, which is slightly more as compared to 75 species in 0.027 ha by Subba et al.
(2015) at a higher temperate location. On a small area level this figure can be considered as
a fair representation of biodiversity if it is compared with the total floral constituents of
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Fig. 6: Family-wise species composition of herbs including ferns & fern-allies.

Sikkim (ca. 4500 species within 7096 km2) by Subba et al. (2015). The life-form study under
Raunkiaer’s system (1934) was made for classifying plant entities within a community and
understanding its adaptive manifestation to certain ecological condition (Mera et al. 1999).
In true sense, the Raunkiaer’s life-form shows the structural diversity of the plants in any
place and is therefore important from the ecological point of view, whereby most of the time
it reveals the change in the forest continuum.

Almost all of the Raunkiaer’s life-forms was found in the study site barring the
Aerophytes, Heliophytes, Hydrophytes and Therophytes. The absence of these life-forms
could be attributed to the absence of permanent water bodies for helophyte and hydrophytes,
and absence of harsh environment for the therophytes. Probably this is due to close canopy.
Incidentally, the absence of fewer epiphytes in the location is rather intriguing even when the
moisture regime is found sufficient to support these life-forms. In regard to the epiphytes it
may be viewed as lack of suitable host trees and prevalent low temperature. Highest percent
among the life-forms was of the Phanerophytes (44.7) representing the canopy forming
plants followed by Hemicryptophytes (16.0) representing the ground vegetation of herbs;
similar was reported at Lachung Range (Subba et al. 2015; Subba & Lachungpa 2016)
where the herb component was found as the most dominant habit-group compared to other
plant species. The highest percent cover of shrub was recorded for Rubus ellipticus (34.8
%) followed by Dichroa febrifuga (17.4 %), Rosa sp. (9.8 %), Viburnum erubescence
(9.2 %), Polygonum molle (8 %), Daphne sp. (7.1 %) respectively. Similarly, Daphne sp.
was reported wide distribution range of habitat along the Barsey Rhododendron Sanctuary
by (Subba et al. 2017). The lowest percent cover was recorded for unidentified (1.1 %)
followed by Rubus paniculatus and Edgeworthia gardnerii (each having 2.7 %). In case
of herbaceous species, maximum family-wise species composition is represented by
Urticaceae (9 spp.), followed by Selaginellaceae (3 spp.) which indicates that fern and fern-
allies are highly dominant in the study site.
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Of Orchidaceae, the Coelogyne flaccida is primarily an epiphyte, is often found growing
here as lithophytes. The presence of epiphytic plants, especially orchids, play important roles
for the forest ecology and preserving the diversity of epiphytes makes evergreen forests healthy
and floristically rich (Subba 2016). The highest IVI value (62.7) recorded for Castanopsis
tribuloides effectively makes it the dominant species in the site which is far above the other
contenders, viz., Quercus lamellosa (22.6), Symplocos lucida (20.9) and Symplocos glomerata
(13.2), etc. The visible presence of Castanopsis tribuloides in the form of large trees throughout
the site speaks more than what Figure IVI portrays (62.65). However, it should be noted that
most oaks are found in temperate forests forming large areas of forest cover in Sikkim. The
Castanopsis tribuloides as the second highest IVI was reported in Kangchendzonga Biosphere
Reserve (Yuksom-Dzongri sampling Path) by (Subba et al. 2016). The abundance-to-frequency
ratio revealed all the adult individuals of large tree species to be contiguously distributed except
Acer caudatum and Cinnamomum impressinervium which showed the random distribution
but none of the species showed regular distribution (Table 3).

Community studies are usually done taking in the tree diversity of the community and
the different state of its growth which are primarily found as seedlings, saplings and mature
trees. This work the species diversity of trees (adult, sapling and seedlings) in the site were
found to be highest in concentration for the trees (H’= 3.17) followed by seedlings (H’=
2.68) and the saplings (H’=2.60). In regard to the species richness value for the site it was
found to be in the range of 15.1 – 15.8 which is high in view of its temperate life zone. On a
gradient of sampling plots the species richness was recorded highest in Plot 5 at 1939 m amsl
followed by Plot 15 at 2213 m amsl. As is evident both of these plots have the maximum
humus depth as compared to other plots. However, humus depth has no influence on the
species richness in the study plots (Table 1). It may point towards the correlation of humus
depth with species richness.

This situation was further analyzed with precise girth-class gradient taken up from 30
– 40 cm and leading up to 331 – 340 cm of gbh which revealed some interesting results. All
of these major tree species from the site do not show curves which are gentle showing
natural continuum of girth-class, but on the contrary severe gaps suggest that it is not normal
or natural possibly due to anthropogenic infringement in the area For Magnolia campbellii
girth classes of 41 – 50 and 61 – 70 cm gbh were recorded after that there is gap between
them and 91 – 100 and 101 – 110 cm gbh were recorded but after that only 241 – 250 cm gbh
was found. In case of Choerospondias axillaris the lower girth-class were entirely missing
and only 3 entities were found which were recorded for very mature trees (girth-class over
100 cm). Similarly for Leucosceptrum canum a sum of 22 individuals were recorded and all
were falling within 30-40 cm girth-class in all the sampling plots. The lowest 3 individual
number of girth-class were recorded in Glochidion acuminatum which is falling within 51
– 60 and 61 – 70 cm girth-classes. In the entire girth-classes, the 44 maximum individual
numbers were found falling within 30 – 40 cm gbh followed by 35 individuals falling in 81 –
90 cm gbh, 32 individual falling in 51 – 60, 61 – 70, 111 – 120 cm girth-classes. The minimum
i.e., only 1 individual were found falling within 271 – 280 and 370 – 381 cm gbh classes. It
may be suggested that the trees may have a wide distribution range which is generally
supported by the site characteristics. However, in every plot there are traces of human
interferences, and mostly the trees of size class 271 – 280 and above which are preferred
for logging purpose are taken away and only a few remains in the study site which made the
size class 271 – 280 and 370 – 381 few in number.

The apparent absence of therophytes shows that the community is under some kind of
environmental stress. The therophytes which thrive on harsh climatic conditions and prosper
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largely in the hottest and driest region (at 36.36 % presence, Chaudhry et al. 2006) or in desert
environment (at 48 % presence, Wariss et al. 2013) were absent in the site due to obvious
absence of these extreme situations. It may be the case of coldness, continuous canopy blocking
the entry of sunlight to the forest floor and thick litter fall under dhupi forest that contributes to
the unsuitable condition for the therophytes. The therophytes in such situations naturally
outnumber Phanerophytes, Hemicryptophytes and Cryptophytes. It can be concluded that the
studied community has a high diversity of plant forms, a better ranking on IVI and other related
parameters and a somewhat uneven stand structure with respect to the tree elements.
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