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Abstract

Assessment of tree species diversity in species rich tropical forests, especially in Eastern
Himalaya, requires careful planning and adequate sampling. We assessed alpha diversity of tree
species in Chapramari Wildlife Sanctuary, located at the foot-hills of Eastern Himalaya employing
two scales of sampling i.e., multiple small quadrats of 0.1 ha in more open forest and a large grid
of 5 ha in comparatively dense forest. Species rarefaction curves show accumulation of species
up to 10 ha sampling area indicating that large sample size is required to estimate alpha diversity.
Comparison of species richness, diversity, density and basal area indicate that open forest show
higher species richness and diversity but density and basal area is higher in dense forest. Species
abundance distribution demonstrates few dominants in the forest community with best fit
models in log-series distribution denoting many rare species. Thus studies in species rich forest
communities need consideration of sufficient sampling area for evaluation of alpha diversity.
Rarity of species, especially in the present times of climate change needs to be properly
evaluated in ecological studies to assess the conservation status of Himalayan forest communities.
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INTRODUCTION

Assessment of species diversity in tropical forests is plagued with many pitfalls which often
result in unreliable estimates. Accurate estimation of species richness becomes particularly
challenging when most of the species in a community are rare and only a fraction of the total
species is dominant (Preston 1948; Brown 1984). However, species rarefaction curves provide
at least minimum estimates of richness (Gotelli & Colwell 2001). Some of the measures
frequently used to overcome the issues related to underestimation of species richness at
alpha level include accumulation curves, fitting parametric distributions of relative abundance,
and techniques based on the distribution of individuals among species or of species among
samples (Colwell & Coddington 1994). Some of these measures such as species accumulation
curves and abundance distribution models have recently been used in estimating the tropical
tree species richness at regional and global scale (Slik et al. 2015; Steege et al. 2017).
Selection of appropriate sampling area and strategies are, thus, important in estimation of
tree species richness especially in diverse tropical forest communities.

Foothills of Eastern Himalaya harbor diverse and species rich forest formations, which
form a part of global biodiversity hotspot (Myers et al. 2000). These forests are contiguous
with tropical wet-evergreen forests of Southeast Asia. Compared to the foothill forests of
Western Himalaya these are located at much lower in latitude and have affinities with the
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tropical forests (Zobel & Singh 1997). Forests of Central and Eastern Himalaya are also rich
in plant species diversity and endemism (Singh & Singh 1987; Shankar 2001; Behera et al.
2002; Das & Ghosh 2011; Kandel et al. 2016), at the same time these forests are under
heavy anthropogenic disturbances posing a threat on the existence of many rare species in
the forest communities (Pandit et al. 2007; Bhuyan et al. 2003; Kushwaha & Nandy 2012).
Eastern Himalayan forests are highly diverse as compared to northwest Himalaya with
approximately fivefold higher number of species (Purohit & Dhar 1997). In spite of this large
variation in tree diversity across the Himalayan region, most of the studies have employed
similar sampling strategies for estimation of tree species richness with hardly any focus on
standardization of sampling area (Bhuyan et al. 2003; Singh et al. 2016; Gautam et al. 2016).

Chapramari Wildlife Sanctuary, located at the foothills of Darjeeling and Sikkim region
of eastern Himalaya represents one of the least disturbed, intact forest ecosystems. It is
located adjacent to Gorumara National Park, Jaldapara National Park, Neora Valley National
Park, Mahananda Wildlife Sanctuary and Buxa Tiger Reserve. These protected areas are
mostly separated from each other by human habitations and cultivated lands and barely
connected by few narrow corridors between them. The major forest types in this area are
tropical semi-evergreen, tropical moist deciduous, sub-tropical broad leaved (Champion &
Seth 1968). In addition, there are teak plantations, bamboo brakes and degraded forests (Rai et
al. 2011). Many studies have estimated the plant species richness in the region in both protected
areas as well as outside forests (Das & Chanda 1987; Das 1995; Shankar 2001; Rai & Das
2008; Rai et al. 2008; Das et al. 2010; Sarkar & Das 2012; Moktan & Das 2013; Moktan &
Das 2014; Das et al. 2015; Sarkar et al. 2017). However, none of these studies have quantified
the effect of sampling size on the species richness and the species abundance patterns. In the
present study we employed two different sampling approaches to test how tree species richness
varies with sampling method and in different forest structures. We further compared other
phyto-sociological measure like diversity indices, abundances distributions, tree density and
girths size to test the effect of forest structure on community metrics.

MATERIALS AND METHODS

The study was conducted during April 2014 to June 2016 at Chapramari Wildlife Sanctuary
in Jalpaiguri district of West Bengal, India. This sanctuary is located on a sufficiently flat and
uniform area in foothills of Darjeeling and Sikkim (26.887343°N latitude and 88.836571°E
longitude), having mean elevation of 200 m a.m.s.l. and spread over a small area of 9.6 km2

(http://wiienvis.nic.in/). Chapramari forests were declared as Reserved Forests as early as
in March 1941. Subsequently, the area was declared as Wildlife Sanctuary in 1998. The
sanctuary harbors a pristine semi-evergreen forest with dense canopy covers as compared
to the surrounded fragmented patches of forest outside the sanctuary (Figure 1). The sanc-
tuary is home to some of the big mammals such as Asian elephant, Great one-horned rhinoc-
eros, Indian gaur, sambar, besides a rich array of avifauna, lower vertebrates and inverte-
brates. Climate of the region is moist tropical in nature with an average annual rainfall of
~3000 mm, 75 % of which is received during the monsoon season.

We selected a relatively dense and undisturbed forest patch in the core area of the
Sanctuary and marked a grid of size 5 ha (200 × 250 meters) with the help of a GPS (Model:
Garmin Etrex-20). Within this large grid, all the trees >30cm in girth were numbered with
tree-tags and all the individual tree species were recorded along with their girth at breast
height (gbh). In order to compare the tree species diversity, we selected more open forest in
the fringe areas of the Sanctuary with visible moderate anthropogenic disturbance. Trees
were sampled in 50 plots of size 0.1ha (31.7× 31.7 meters) with a total area of 5 ha, at
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random locations within the sanctuary. Within each plot, all the trees with girth >30cm were
recorded along with species name and gbh. Trees were identified on site using the regional
floras (Ghosh & Mallick 2014; Grierson & Long 1983-2001). All the trees were photographed,
preferably during flowering or fruiting stage in order to confirm the identification. If the
species identity of a tree was not certain, a pressed specimen was taken for identification at
the Herbaria based in Dehradun, viz., Wildlife Institute of India (WII) and Forest Research
Institute (DD). Five species with either a single or two individuals in sampling area, presently
remains unidentified and we did not include these species in the analysis.

In order to test the level of under-sampling for estimation of tree species richness we
plotted species collector’s curve and rarefaction curve. We also compared the species richness
by increasing the size of sample plots. As a measure of species evenness we calculated the
Shannon index (H’ = -∑PilnPi)  and Inverse-Simpson index (λ = 1/∑Pi2) where Pi represents
the proportion of individuals found in ith species. We also computed Fisher’s alpha index (Fisher.
et al. 1943), α = N(1-x)/x) where x is estimated from the iterative solution of S/N = (1-x)/x(-
ln (1-x)), S = the number of species and N = total individuals (Magurran 2004). The analysis
was conducted using vegan package (Oksanen et al. 2015) in R (R Development Core Team,
2016). Various models have been devised to describe species abundance distributions within a
community (McGill et al. 2007). We compared log-normal, log-series and geometric distribution
models of species abundance with the actual species abundance distribution within the two 5
ha areas of different sampling methods using the R package sads (Prado et al. 2015). The best
fit model was identified using Akaike Information Criterion (AIC) values associated with each
distribution model. Girth classes representing increasing girth sizes of all individual trees were
compared between the single 5 ha grid and multiple plots of area summing to 5 ha area.
Further, average girth size with total abundance of 10 dominant tree species was compared
between 5 ha grid and 50 plots in order to test the girth size difference in relatively dense forest
and more open forest with visible anthropogenic impact.

 

Chapramari
Wildlife Sanctuary

Gorumara
National Park

Mahananda
Wildlife 

Sanctuary

Neora Valley
National Park

Figure 1. Google earth map showing the location of Chapramari Wildlife Sanctuary and
other surrounding protected areas in the region

RESULTS

We encountered a total of 102 tree species during field sampling in Chapramari Wildlife
Sanctuary, representing 44 families and 81 genera (Table 1). The dominant families were
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Lauraceae, Meliaceae and Lamiaceae with seven species each followed by Phyllanthaceae
with six species. Dominant genera are Terminalia, Ficus, Syzygium and Castanopsis with
four species each.

Tree species richness, density and basal area

The slope of collector’s curve and species rarefaction curve show asymptote after
approximately 30 plots with very less addition of species afterwards but species addition
continues until 50 plots (Figure 2). These results indicate that sample size of 5 ha is nearly
sufficient but not complete enough for estimating alpha diversity of trees at any location in
the humid tropical forests of eastern Himalaya. We further confirm this by sampling trees
in equal area of size 5 ha single grid which adds 20 species increasing total number of tree
species from 82 in 5 ha to 102 in 10 ha sampling area (Table 2). The sharing of species
between two sampling methods is only 54 percent. Comparison between the two sampling
methods show that although tree species richness was higher in the 50 plots but tree
density, girth size and basal area were higher in the single 5 ha grid. Mean tree density
based on smaller plots was 179 ± 17/ha with average girth size of 114 ± 76 cm/ha and
basal area of 26.3 ± 4.8 m2//ha. However, based on the larger single grid the tree density
was estimated to be 245 individuals per ha with average girth size 101 cm and basal area
of 31.5 cm2 per ha.

 

Figure 2. Species rarefaction curve and collector’s curve for sampling of trees in 50 plots
of size 0.1ha in Chapramari Wildlife Sanctuary

Table 2. Tree species richness, density, mean girth class and basal area based on several
small versus single large grid in Chapramari Wildlife Sanctuary

Plot size Total 
species 

Mean tree 
density/ha 

Average 
girth size 

Basal 
area/ha 

50 plots 82 179 114 cm 26.3 m2 

5 ha grid 69 245 101 cm 31.5 m2 
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Nepali 
name 

Botanical name [Family]; Voucher specimen No. in 
plots 

Avg. 
girth 

No. in 
grid 

Avg. 
girth 

Gante Gynocardia odorata R.Br. [Achariaceae];Voucher: NA 3 89.3   

Gogunpate Saurauia roxburghii Wall. [Actinidiaceae]; WII no. 
21654 

1 35.0 4 55.0 

 Altingia excelsa Noronha [Altingiaceae]; WII no. 
21620 

  1 81.0 

 Drimycarpus racemosus (Roxb.) Hook.f. ex 
Marchand. [Anacardiaceae]; Voucher: NA 

  1 38.0 

Halude Lannea coromandelica (Houtt.) Merr. 
[Anacardiaceae]; WII no. 21681 

4 213.7 4 193.0 

Amb Mangifera indica L. [Anacardiaceae]; Voucher: NA   1 245.0 

Bhalayo Semecarpus anacardium L.f. [Anacardiaceae]; 
Voucher: NA 

  6 126.0 

Lapche Polyalthia simiarum (Buch.-Ham. ex Hook.f. & 
Thomson) Benth. & Hook.f. [Annonaceae]; WII no.  
21616 

8 41.0 1 30.0 

Chattim Alstonia scholaris (L.) R.Br. [Apocynaceae]; Voucher: 
NA 

8 101.3 9 137.2 

Dhude 
Khirra 

Holarrhena pubescens Wall. ex G.Don 
[Apocynaceae]; Voucher: NA 

36 92.2 49 77.58 

Hade 
Khirra 

Wrightia arborea (Dennst.) Mabb. [Apocynaceae]; 
WII no. 21601 

14 71.9 2 102.5 

Hathisura Ilex godajam Colebr. ex Hook.f. [Aquifoliaceae]; 
Voucher: NA 

11 123.0 9 164.0 

Totala Oroxylum indicum (L.) Kurz [Bignoniaceae]; WII no.  
21612 

4 44.3 5 46.2 

Padari Stereospermum chelonoides (L.f.) DC. 
[Bignoniaceae]; Voucher: NA 

12 126.2 5 139.4 

Bhori Ehretia wallichiana Hook.f. & Thomson ex 
C.B.Clarke [Boraginaceae]; Voucher: NA 

  5 68.0 

Dabdabe Garuga pinnata Roxb. [Burseraceae]; WII no. 22609 1 42.0 1 135.0 

Khari Celtis tetrandra Roxb. [Cannabaceae]; WII no. 21661   10 46.2 

Kaula Trema orientalis (L.) Blume [Cannabaceae]; Voucher: 
NA 

4 37.0 33 61.2 

Chiplikani Crateva unilocularis Buch.-Ham. [Capparaceae]; WII 
no. 21655 

3 77.7 2 41.5 

Pakasaj Terminalia alata Wall. [Combretaceae]; Voucher: NA 9 172.3   

Barra Terminalia bellirica (Gaertn.) Roxb. [Combretaceae]; 
WII no. 21630 

55 134.6 35 135.3 

Hara Terminalia chebula Retz. [Combretaceae]; Voucher: 
NA 

  1 45.0 

Panisaj Terminalia myriocarpa Van Heurck & Müll. Arg. 
[Combretaceae]; Voucher: NA 

9 101.0   

Akhane Alangium chinense (Lour.) Harms [Cornaceae]; 
Voucher: NA 

1 57.0   

Chalta Dillenia indica L. [Dilleniaceae]; Voucher: NA 14 149.1 22 123.4 

Tatari Dillenia pentagyna Roxb. [Dilleniaceae]; Voucher: 
NA 

42 141.1 43 119.1 

Sal Shorea robusta Gaertn. [Dipterocarpaceae]; Voucher: 47 212.4 113 222.5 
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Table 1. Tree species encountered during field sampling showing number of individuals
and average girth size of each species in Chapramari WLS [Voucher Nos.: Deposited in
WII Herbarium; NA = Not Available/Damaged. Only photographs are available]



Nepali 
name 

Botanical name [Family]; Voucher specimen No. in 
plots 

Avg. 
girth 

No. in 
grid 

Avg. 
girth 

Sal Shorea robusta Gaertn. [Dipterocarpaceae]; Voucher: 
NA 

47 212.4 113 222.5 

Bhadrase Elaeocarpus varunua Buch.-Ham. ex Mast. 
[Elaeocarpaceae] ; WII no.  21650 

1 38.0 24 86.2 

Sindure Mallotus philippensis (Lam.) Müll.Arg. 
[Euphorbiaceae]; WII no. 

3 35.5   

Pitali Mallotus repandus (Willd.) Müll.Arg. 
[Euphorbiaceae]; WII no.  21662 

11 74.3   

Bada 
Katus 

Castanopsis hystrix Hook. f. & Thomson ex A. DC. 
[Fagaceae]; WII no.  21631 

  3 133.4 

Dalne 
Katus 

Castanopsis indica (Roxb. ex Lindl.) A.DC. 
[Fagaceae]; Voucher: NA 

20 100.2 19 79.6 

Patle katus Castanopsis lancifolia (Oerst.) Hickel & A.Camus 
[Fagaceae]; Voucher: NA 

1 80.0   

Musre 
katus 

Castanopsis tribuloides (Sm.) A.DC. [Fagaceae]; WII 
no.  21659 

8 144.9 14 99.2 

Arkawla Lithocarpus elegans (Blume) Hatus. ex Soepadmo 
[Fagaceae]; Voucher: NA 

1 110.0   

Runche Actinodaphne obovata (Nees) Blume [Lauraceae]; WII 
no.  21615 

13 53.9 10 48.7 

Tarsing Litsea glutinosa (Lour.) C.B.Rob. [Lauraceae]; WII 
no.  21619 

8 80.8   

Bhale 
Sinkauli 

Cinnamomum bejolghota (Buch.-Ham.) Sweet 
[Lauraceae]; WII no.  21650 

28 81.3 41 56.9 

Malagiri Cinnamomum glaucescens (Nees) Hand.-Mazz. 
[Lauraceae]; Voucher: NA 

  2 162.0 

 Cryptocarya amygdalina Nees [Lauraceae]; Voucher: 
NA 

3 104.0   

Bhanse 
kawla 

Machilus glaucescens (Nees) H.W. Li [Lauraceae]; 
WII no.  21625 

3 49.0 2 56.0 

Jhakrikat Ocotea lancifolia (Schott) Mez [Lauraceae]; WII no.  
21607 

18 52.7 21 38.6 

Kumbi Careya arborea Roxb. [Lecythidaceae]; Voucher: NA 19 98.9 10 92.0 

Khankar Acacia catechu (L.f.) Willd. [Leguminosae]; Voucher: 
NA 

3 116.3   

 Albizia lucidior (Steud.) I.C.Nielsen [Leguminosae]; 
Voucher: NA 

5 107.4   

 Albizia procera (Roxb.) Benth. [Leguminosae]; WII 
no. 21629 

  1 81.0 

Tanki Bauhinia purpurea L. [Leguminosae]; Voucher: NA 8 94.9   

 Millettia pachycarpa Benth. [Leguminosae]; Voucher: 
NA 

21 113.3 1 83.0 

Lampate Duabanga grandiflora (DC.) Walp. [Lythraceae]; 
Voucher: NA 

  1 70.0 

Sidha Lagerstroemia parviflora Roxb. [Lythraceae]; WII no. 
21628 

11 123.0 12 143.3 

Jarul Lagerstroemia speciosa (L.) Pers. [Lythraceae]; 
Voucher: NA 

4 213.8   

Simul Bombax ceiba L. [Malvaceae]; Voucher: NA 2 437.0   

Hathipile Pterospermum acerifolium (L.) Willd. [Malvaceae]; 
Voucher: NA 

7 87.3   

Odal Sterculia villosa Roxb. [Malvaceae]; Voucher: NA 31 197.0 12 178.0 

Lali Aglaia spectabilis (Miq.) S.S.Jain & S.Bennet 19 72.6 54 64.1 
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Nepali 
name 

Botanical name [Family]; Voucher specimen No. in 
plots 

Avg. 
girth 

No. in 
grid 

Avg. 
girth 

Lali Aglaia spectabilis (Miq.) S.S.Jain & S.Bennet 
[Meliaceae]; WII no.  21604 

19 72.6 54 64.1 

Lasune Aphanamixis polystachya (Wall.) R.Parker 
[Meliaceae]; WII no.  21603 

45 129.0 72  

Neem Azadirachta indica A.Juss. [Meliaceae]; Voucher: NA   1 185.0 

Ramsantla Chisocheton cumingianus (C.DC.) Harms 
[Meliaceae]; WII no.  21653 

13 54.2 9 97.6 

Chukrasi Chukrasia tabularis A.Juss. [Meliaceae]; Voucher: 
NA 

2 327.0 1 142.0 

 Heynea trijuga Roxb. ex Sims [Meliaceae]; Voucher: 
NA 

2 56.0   

Tooni Toona ciliata M.Roem. [Meliaceae]; Voucher: NA 2 48.5 4 63.8 

Lator Artocarpus chama Buch.-Ham. [Moraceae]; Voucher: 
NA 

1 84.0   

Swami Ficus benjamina L. [Moraceae]; Voucher: NA   1 270.0 

Labar Ficus elastica Roxb. ex Hornem. [Moraceae]; 
Voucher: NA 

2 72.5   

Dumri/ 
Kabra 

Ficus virens Aiton [Moraceae]; Voucher: NA 10 122.1   

Hade 
Jamun 

Syzygium claviflorum (Roxb.) Wall. ex A.M.Cowan & 
Cowan [Myrtaceae]; Voucher: NA 

  17 74.8 

Jamun Syzygium cumini (L.) Skeels [Myrtaceae];Voucher: NA 73 105.1 53 127.1 

Amboke Syzygium formosum (Wall.) Masam. [Myrtaceae]; WII 
no.  21625 

39 62.7 35 80.1 

Rani 
Jamun 

Syzygium nervosum A.Cunn. ex DC. [Myrtaceae]; WII 
no. 21611 

1 149.0   

 Nyssa javanica (Blume) Wangerin [Nyssaceae]; 
Voucher: NA 

  12 54.3 

 Fraxinus suaveolens W.W.Sm. [Oleaceae]; Voucher: 
NA 

1 42.0   

Jhingni Eurya acuminata DC. [Pentaphylacaceae];Voucher: NA 4 52.7 17 44.0 

Archal Antidesma acidum Retz. [Phyllanthaceae]; WII no.  
21657 

3 56.0 11 82.9 

 Aporosa octandra (Buch.-Ham. ex D.Don) Vickery 
[Phyllanthaceae]; Voucher: NA 

1 42.0   

Kainjal Bischofia javanica Blume [Phyllanthaceae]; WII no.  
21680 

3 63.3 5 182.8 

Gayo Bridelia retusa (L.) A.Juss. [Phyllanthaceae]; 
Voucher: NA 

1 159.0   

 Glochidion thomsonii (Müll. Arg.) Hook.f. 
[Phyllanthaceae]; Voucher: NA 

  9 48.1 

Gaujo  Mucuna pruriens (L.) DC. [Leguminosae]; Voucher: 
NA 

  1 50.0 

Hare Drypetes indica (Müll.Arg.) Pax & K.Hoffm. 
[Putranjivaceae]; Voucher: NA 

  4 41.5 

 Carallia brachiata (Lour.) Merr. [Rhizophoraceae]; 
Voucher: NA 

  18 55.2 

Maidalu 
kanra 

Aidia cochinchinensis Lour. [Rubiaceae]; WII no. 
21658 

  6 57.2 

Haldikat Hyptianthera stricta (Roxb. ex Schult.) Wight & Arn. 
[Rubiaceae]; Voucher: NA 

1 165.0   

Kadam Neolamarckia cadamba (Roxb.) Bosser [Rubiaceae]; 
Voucher: NA 

1 157.0   

Maina Pitardella sikkimensis (Hook.f.) Tirveng. [Rubiaceae]; 1 30.0   
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Diversity indices

Consistent to species richness, diversity values were also higher based on 50 plots with
Shannon index (3.8), Inverse Simpson index (29.5) and Fisher alpha (22.5) compared to
single large 5 ha grid, i.e., Shannon index (3.3), Inverse Simpson index (17.2) and Fisher
alpha (15.5).  As expected, species richness and Fishers alpha increased with increasing size
of plot. However, Shannon index and Inverse-Simpson index show increasing values up to
about 35 plots and afterwards the values stabilized for both the indices (Figure 3).

Patterns of species abundance

We calculated species abundances and plotted the number of species against the abundance
classes in ascending order (Figure 4). The results show that majority of the species are
rare in both sampling methods e.g. 66 % of species in small quadrats and 71 % species in
the large grid have less than one percent abundance. This shows that only a few species
remain very dominant in the communities. In the 50 random small plots maximum number
of species are represented by single or less than four individuals. However, in 5 ha single
large grid maximum species have abundance less than 16 individuals followed by a single
individual. We compared log-normal, log-series and geometric distribution models of species
abundance with the actual species abundance distribution. The delta AIC values show
best fit to log-series distribution model which is applicable when there are many rare
species in a community (McGill et al. 2007; Silk et al. 2015).

Nepali 
name 

Botanical name [Family]; Voucher specimen No. in 
plots 

Avg. 
girth 

No. in 
grid 

Avg. 
girth 

Maina 
kanra 

Pitardella sikkimensis (Hook.f.) Tirveng. [Rubiaceae]; 
Voucher: NA 

1 30.0   

Cheuri Meliosma simplicifolia (Roxb.) Walp. [Sabiaceae] ; 
WII no.  21608 

11 72.3 30 62.2 

Amkauli Casearia graveolens Dalzell [Salicaceae]; Voucher:NA 14 58.0 213 74.8 

Pipalpate Populus glauca Haines [Salicaceae]; WII no.  21622 3 116.7 1  

Kusum Schleichera oleosa (Lour.) Merr. [Sapindaceae] ; 
Voucher: NA 

16 40.5 9 46.7 

 Mimusops elengi L. [Sapotaceae]; Voucher: NA 1 104.0   

Gokul Ailanthus integrifolia Lam. [Simaroubaceae]; 
Voucher: NA 

9 65.0 3 42.3 

Thali Turpinia pomifera (Roxb.) DC. [Staphyleaceae]; WII 
no. 21606 

18 66.3 18 47.7 

Moina Tetrameles nudiflora R.Br. [Tetramelaceae]; WII no.  
21651 

3 357.7 2 520.0 

Cheloni Schima wallichii Choisy [Theaceae]; Voucher: NA 50 154.8 63 112.8 

Guyalo Callicarpa arborea Roxb. [Lamiaceae]; WII no. 21682 7 69.0 2 127.5 

Gamari Gmelina arborea Roxb. [Lamiaceae]; Voucher: NA 3 89.0 6 297.5 

Ginderi Premna coriacea C.B.Clarke [Lamiaceae]; WII no.  
21652 

13 146.0 12 125.2 

 Premna mollissima Roth [Lamiaceae]; Voucher: NA 1 39.0   

 Tectona grandis L.f. [Lamiaceae]; Voucher: NA 2 178.5   

Ahoi Vitex peduncularis Wall. ex Schauer [Lamiaceae] ; 
Voucher: NA 

1 170.0   

Panchpate Vitex quinata (Lour.) F.N.Williams [Lamiaceae] ; 
Voucher: NA 

1 58.0   

Galeni Leea indica (Burm. f.) Merr. [Vitaceae]; Voucher: NA 2 43.5 1 110.0 

322  Tree alpha diversity in Chapramari Wildlife Sanctuary



Figure 3. Comparison of tree species richness and various diversity indices with increasing
sampling area in 50 plots. (a) Species richness increases continuously (b) Fisher’s alpha
shows similar trend to species richness. (c) Shannon index values stabilizes after ~35 plots.
(d) Inverse-Simpson index also stabilizes after ~35 plots

 

Figure 4. Species abundance distribution diagrams for two sampling methods showing the
fit of different species abundance distribution models: log normal (triangle), log series (circle),
geometric series (square). Log-series distribution is the best fit model showing minimum
delta A/C values for both the sampling methods.
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Dominant tree species in the 5 ha grid was Casearia graveolens with a density of
43.6/ha, for which the density was only 2.8/ha in 50 plots (Figure 6). Similarly, the next
dominant species was Shorea robusta with a density of 22.6/ha in single grid and 9.4/ha in
the small plots. Other species like Aphanamixis polystachya, Schima wallichii, Aglaia
spectabilis, Holarrhena pubescens, Cinnamomum bejolghota etc. show higher domi-
nance in single large grid whereas Syzygium cumini and Terminalia bellirica show higher
dominance in smaller plots. Only Dillenia pentagyna showed similar dominance in the two
sampling areas. In spite of the differences in dominance, average girth size of ten dominant
species show similar trend within the two sampling methods (Figure 6), which indicated that
girth size of trees is controlled by species biology and is not generally influenced by the
anthropogenic disturbances and other short-term environmental changes.

Girth class distribution of trees

The girth class distribution of trees in the study area reveals single 5 ha grid is highly dominated
by trees with smaller girth size, however, the number of individuals is similar for larger girth
class of more than 150 cm (Figure 5). On the other hand, the dominant girth size in the small
plots fall in girth class of 50 – 99 cm. Both methods show a decrease in number of individuals
with increasing girth size above 100 cm. Lower species richness and higher density of trees
with dominance of small girth class in the large grid located at comparatively dense forest
indicates that although regeneration and growth is higher in denser forests but lower species
richness is maintained as compared to more open forests.

 

Figure 5. Comparison of girth classes in increasing order for the two sampling methods
with equal area. Single 5ha grid contains larger number of trees with smaller girth class as
compared to 50 plots, however both methods show similar density for higher girth classes

DISCUSSION

We reported 102 species of trees in 10 ha area of the Chapramari Wildlife Sanctuary. Previous
studies have reported 215 species of trees from seven forest types of Darjeeling foothills
(Rai & Das 2008), 134 species of trees in the dry and moist sal forests of northern West
Bengal (Kushwaha & Nandy 2012), 87 species of trees in Mahananda Wildlife Sanctuary
(Shankar 2001), 74 species of trees in tropical parts of Darjeeling hills (Moktan & Das
2014). In addition to studies solely focusing on estimation of tree species richness many
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Figure 6. Comparison of average girth size and total number of individuals in 5ha sampling
area for ten dominant trees in both two sampling methods. Density of dominants varies with
higher dominance of top dominants in 5ha grid however average girth size show similar trend
for all species

studies have also focused on phytosociology of other plants (Rai & Das 2008; Rai et al.
2008; Das et al. 2010; Sarkar & Das 2012; Moktan & Das 2013; Das et al. 2015; Sarkar et
al. 2017). However, effect of sampling size on the species richness has not been addressed
so far in these studies. Present study reveals that even intensive sampling of 10 ha area is
not adequate to capture local alpha diversity of trees in the tropical forests of Eastern Himalaya.
Inadequate sampling and lack of proper stratification in topographically heterogeneous
landscapes could often result in misrepresentation of ecological facts and other pitfalls (Gotelli
& Colwell 2001; Colwell & Coddington 1994). Higher species richness and diversity was
found in the smaller quadrats whereas higher tree density and basal area was in single but
larger grid. Comparison of diversity indices indicate that Fisher’s alpha index show similar
increasing pattern with increasing sampling area. Shannon index and Inverse Simpson index
both show a stabilization in diversity after 35 plots. This is because Fisher’s alpha (Fisher et
al. 1943) is considered to be least affected by species evenness. However, Shannon index
and Inverse Simpson index take into account the evenness values of species (Magurran
2004). This indicates that although most even species are quantified up to 35 quadrats but
the rare species are still missing and keeps on adding with increasing sampling size.

The sampling was conducted in contrasting forests i.e. large grid in comparatively
dense forest and multiple small quadrats in open forest with moderate anthropogenic impact.
Number of species encountered in the two equal sampling areas revealed lower species
richness but higher tree density and basal area in single grid than multiple small quadrats.
Most dominant species in the single large grid were less abundant in the small quadrats.
These results are consistent with the intermediate disturbance hypothesis which shows that
completely undisturbed communities fail to maintain species richness due to overabundance
of most fit species (Bongers et al. 2009; Yuan et al. 2016). Dense forest shows more
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individuals with smaller girth size which is contrary to more open forest which show dominance
of medium girth size. Similar results have previously been reported in eastern Himalaya
(Khan et al. 1987). However, the average girth size of all species is similar in both sampling
areas. These results signify the importance of elastic similarity theory which highlight the
proportional growth of trees with age (O’Brien et al. 1995). Our results show that most of
the species are rare with few individuals and only a few species are very abundant in both
sampling areas which is consistent with the previously reported pattern that most species at
a trophic level are rare and relatively few species are abundant (Preston 1948; Brown
1984). Species abundance distribution models (McGill et al. 2007) show best fits for log-
series distribution which is an indicator of many rare species in a community (McGill et al.
2007; Slik et al. 2015; Steege et al. 2017).

In conclusion, we suggest that consideration for sufficient area and sampling strategy
is very important for estimation of alpha diversity of trees in rich tropical forests of Eastern
Himalaya. Proper estimation of species richness and abundance distributions in forest
communities will help in evaluation of species threat level and the information can be used
for timely conservation prioritization of these threatened forest ecosystem.
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