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Abstract

Present study was carried out to assess the vegetation types, diversity and phytosociological status of
woody plants in Trishna Wildlife Sanctuary of Tripura, Northeast India. Vegetation data was derived by 25
line transects (10m wide and 500m length, each 0.5 ha size). All woody species at =10 cm gbh (Girth at
Breast Height) within each plots were measured and counted. A total of six forest types were classified by
cluster analysis using Importance Value Index (IVI) of 289 woody species. Species diversity, forest
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Introduction

The quantification of tree species diversity is important for
understanding habitat ecosystems (Gentry, 1990; Hartshorn,
1990) and several interrelationships, especially within protected
areas. Because, tree influences nutrient cycling and energy flow
(Moore and Allen, 1999) and provides habitat for wildlife and
partly regulates microclimatic conditions (Ramovs and Roberts,
2003). Protected areas are excluded from human interventions
and represent perhaps the frontiers of conservation of genetic
and biological diversity in an otherwise human-ravaged
landscape (Uma Shanker et al., 2004). Tropical forests are highly
threatened by human activities, even within protected areas
which were established as a major conservation measure to
conserve biodiversity and to reduce forest depletion (Curran et

al., 2004; Sahu et al., 2010; Thapa and Chapman, 2010).

Many quantitative floristic inventories of vegetation within
protected areas and several wildlife sanctuaries in India were
conducted in Western Ghats (Sukumar et al, 1992;
Parthasarathy, 1999; Ganesh and Davidar, 2001), Western
Himalayas (Rawat et al., 1999), Central Himalayas (Samant et
al., 2000), Eastern Ghats (Reddy et al., 2008; Sahu et al., 2010),
and in Eastern Himalayas (Uma Shankar, 2001; Bhuyan et al.,
2003; Deb and Sundriyal, 2011). Such quantitative vegetation
data have been used in several conservation implications,
especially for wildlife habitat management within the protected
areas. Trishna Wildlife Sanctuary is one of the rich wildlife habitat
of Northeast India (Dasgupta, 2004; Gupta et al., 2004; Swapna
et al, 2010; Majumder et al., 2012). This sanctuary has been
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neglected in terms of any quantitative study of vegetation, floristic
composition, diversity and plant population structure since of its
establishments. Without basic information on vegetation / habitat
data and the current species ecological status, conservation and
management of biodiversity in the sanctuary may not be fruitfully
achieved (Cooperrider et al., 1986; Rowland and Vojta, 2013).
Hence, the present objectives were planned to classify vegetation
or woody community types, to assess diversity and dominance of
woody species, and to generate quantitative information on
population structure for each forest type in this sanctuary for
future conservation implications.

Materials and Methods

Trishna Wildlife Sanctuary was established in November
1987 with total geographical area of 19,470.895 ha with 27
villages in South Tripura district. It was previously known as the
'Bison Reserve' and declared as 'Trishna Wildlife Sanctuary' vide
notification No. F.8 (20) For-WL/86/55165 on 2 February, 1987.
This sanctuary is located between 23° — 12" to 23° — 26" North
latitude and 91°- 15"t0 91° - 30" East longitude in the south west
part of the state under Belonia sub-division about 120 km
distance from Agartala. This sanctuary is bordered on three sides
by Bangladesh (Fig. 1). The average annual rainfall ranges from
03.58 ml to 508.20 ml and average annual temperature ranges
from 6.8°C to 37.7°C. The topography is mainly undulation of
elevated and plain lands. Soil is sandy loam to red laterite in
uplands and whitish clay in the marshy and water logged areas.
About 40% forest areas of Trishna Wildlife Sanctuary are
degraded.

During 2010 to 2011, vegetation of Trishna Wildlife
Sanctuary was sampled by 25,500 x10 m sized line transects and
each sampling area was 0.5 ha sized plot. Each plot
encompassed five 10x100m sized contiguous sub-plots and
placed in such way that it could cover maximum habitat
heterogeneity of woody community within the sanctuary. All
individual trees =10 cm girth (gbh) were measured in centimetres
at 1.3 m height and tree height in nearest meters; in living and
non-living categories. Woody shrubs, climbers and bamboos that
attained =10 cm girth were measured within each sampling plot.
Tree species =10 cm girth which observed cut or logged were
also measured and noted. The plant species encountered during
sampling were identified following Flora of Tripura (Deb, 1981 and
1983) and Flora of Assam (Kanjilal et al., 1934 -1940).

Data analysis : Field transect data of 25 plots were used for
quantitatively analyses of relative frequency, relative density,
relative basal area and Importance Value Index (IVI) following
Mueller-Dombois and Ellenberg (1974). The species diversity
index was calculated following the formula of Shannon and
Wiener (1963). The Simpson's dominance index (C) was
calculated following Simpson (1949). Evenness index was
computed following Pielou (1966). Hierarchical agglomerative
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cluster analysis was applied to define the vegetation types into a
dendrogram using Importance Value Index (IVI) of 289 species
based on similarity measure among the 25 sampled plots. Bray-
Curtis similarity using single link or Group-Average clustering
appears to give a useful hierarchy of clusters and the ouput
showed that dendrogram (Pielou, 1984) was performed by
BioDiversity Pro (NHM and SAMS, 1997). Tree density was
grouped among different girth classes (=10 - 30, 30-60, 60-90,
90-120, 120-150, 150-180, 180-210, 210-240, 240-270, >270cm)
to observe the status of stand structure in terms of age class
distribution of stems. All individuals having girth range between =
10 - <30cm were categorized as sapling stage (lack of flowering
and fruiting phases). Individuals =30 - <120cm girth range was
grouped into adult stage and considered these population was in
early reproductive phase. Individuals having girth range between
=120-210cm was considered as mature (as mid reproductive
phase) and =210cm was classified as old population stage (in
late reproductive phase). One way analysis of variance (ANOVA)
and post hoc ttests was used to test any significance of
differences among diversity indices, stand structure and
population stages along the vegetation types by PAST version
1.89 (Hammer et al.; 2001).

Results and Discussion

Cluster analysis distinguished six groups of major
vegetation types in the dendrogram based on IVI of 289 species
recorded from 25 line transects (Fig. 2). In the present study, IVI
was used to distinctly classify the variation of the sanctuary,
largely based on major dominant and co-dominant species
composition. Since IVI gives a total picture of the social structure
of species in a community and can be used to form an association
of dominant species (Parthasarathy and Karthikeyan, 1997).

In the dendrogram (Fig. 2), Group 1 represented rubber
plantation and its marginal land; total 11 species were recorded
and Havea brassilensis alone contributed 190.36% VI out of 300.
Several tree species viz., Anacardium occidentalis, Artocarpus
heterophyllus, Bambusa balcooa, Borassus flabellifer etc. were
also found to present bordering the plantations. Group 2 was
semi-natural teak plantation, dominated by Tectona grandis
(82.78% IVI). Top five species contributed 141.33% IVI out of 300
and Holarrhena antidysenterica, Schima walichii, Dillenia
pentagyna, Careya arborea etc. were more abundant in this
habitat type. These two groups of tree community mostly
represented the characteristic of modified natural habitats of the
sanctuary (Majumdar et al., 2012b).

Group 3 mostly dominated by mature strata of
Dipterocarpus turbinatus, while Schima wallichii, Castanopsis
spp., Engelhardia spicata, Careya arborea, Terminalia bellirica,
Chaetocarpus castanicarpus, Microcos paniculata etc. kept the
rank of co-dominantspecies. Group 3in the dendrogram clustered
four plots, where Dipterocarpus turbinatus — Schima wallichii,
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Dipterocarpus turbinatus — Castanopsis indica were observed as turbinatus and Bambusa tulda — Dipterocarpus turbinatus was
the most dominant association in the semi-evergreen patches. observed in moist deciduous sal forest and moist bamboo brakes
Rare association between Shorea robusta — Dipterocarpus respectively. Dipterocarpus turbinatus contributed 30% of the total
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Fig. 1 : Location of Trishna Wildlife Sanctuary of Tripura in Northeast India
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Fig. 2 : Dendrogram of similarity based on IVI of 289 species showing cluster of six major community types or vegetation groups (1-6) in Trishna Wildlife
Sanctuary of Tripura in Northeast India. Group 1 is Rubber plantation; 2 Semi-natural Teak plantation; 3 Cachar tropical semi- evergreen forest; 4 East
Himalayan lower bhabar Sal forest; 5 Moist bamboo brakes and 6 Moist mixed deciduous forest

density with basal area 0f 20.18 m*ha” in this community type. The
top ten tree species contributes 61.23% of total density, 79.69%
basal cover with VI of 160. This type of community mostly
represented the features of semi-evergreen forests.
Dipterocarpus turbinatus dominated four line transects and can be
classified as Cachar Tropical Semi Evergreen Forest (2B/2s2/c2)
as proposed by Champion and Seth (1968).

Group 4 clustered seven line transects mostly with similar
characteristics of East Himalayan Lower Bhabar Sal forest
(3C/C1b (ii)) as showed by Champion and Seth (1968). Besides
reported association of sal with Terminalia bellirica and Schima
wallichii (Uma Shankar, 2001; Pandey and Shukla, 2003; Kumar
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et al, 2006); several locally oligarchic species viz. Microcos
paniculata, Holarrhena antidysenterica, Chaetocarpus
castanicarpus etc. were also associated as co-dominant species
of sal in low land moist deciduous sal forests (Group 4). Mean
density of stems in this community type was 915.41 ha™ and basal
area was 56.08 m*ha”. This forest type was mostly dominated by
Shorea robusta, which grasped 51.28 % density and 58.16%
basal area with IVI of 112.79. Terminalia bellirica, Schima
wallichii, Dipterocarpus turbinatus, Microcos paniculata, Aporusa
dioica, Ziziphus rugosa, Holarrhena antidysenterica, Emblica
officinalis etc. were recorded with Shorea robusta as its chief
associates. Top ten trees of this group contributed 73.47 %
density and 76.44% of basal area, with IVl of 179.67.
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Group 5 showed cluster of seven line transects with mean
density of 1015.71 ha" and 10.35 m*ha" basal area and recorded
similar characteristics of Moist Bamboo Brakes (2B/E3). Bamboo
stood first due to maximum IVl value over other co-dominant trees
and could be separated on the basis of high density (38.09%) and
IVI (55.59) of Bambusa tulda. This bamboo is a fastest growing
sympodial bamboo with shortened rhizome (Tewari, 1993),
increased IVI over several dominant tree species viz. Schima
wallichii, Terminalia bellirica , Lanea coromandelica and other
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Fig. 3 : Density — girth classes (=10cm) distribution of woody plant population along six major vegetation groups within Trishna Wildlife Sancturay of
Tripurain Northeast India

small tree species in Group 5. Because, bamboos are pioneer
species that dominate on account of their high growth rate (Marod
et al., 1999; Gardner et al., 2000); and they are able to effectively
compete in forest gaps where they exclude other more light-
demanding pioneer species (Tabarelli and Mantovani, 2000;
Larpkern et al., 2011). Microcos paniculata, Holarrhena
antidysentericaand Mallotus denticulata etc. were recorded in the
present study as co-dominated in secondary moist bamboo
forests. Mostly bamboo was kept in the dominantand co-dominant
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rank over the tree speciesin this type and typically associated with
Schima wallichii, Terminalia bellirica, Microcos paniculata,
Melocanna baccifera, Holarrhena antidysenterica etc. Ten
dominant tree species contributed IVI of 148.96 and 65.49%
density with mean basal area of 6.66 m*ha” in secondary moist
bamboo brakes.

Group 6 clustered five line transects, maximum variation
in species compositions was observed in this group which
represented moist mixed deciduous forest (3C/C3). Mean density
was recorded 853.2 ha™ with basal area 8.91 m*ha”; which might
has been dominated earlier by large deciduous tree species viz.
Schima wallichii, Terminalia bellirica, Careya arborea, Bombax
ceiba, Mitragyna rotundifolia etc. and currently several small
sized oligarchic tree species viz. Holarrhena antidysenterica,
Microcos paniculata, Maesa ramentacea, Aporusa dioica and
Ziziphus rugosa etc. including bamboos were continuously
increasing their VI over previously predominant large tree
species to shift into the most dominant rank. Such locally
adaptable, disturbance tolerance oligarchic tree species
changing the general characteristic of moist mixed deciduous
forests in Group 6; where these species continuously increasing
their IVI value through quick seeded or non-seeded regeneration
under mild disturbance intensity over existing large deciduous
trees (e.g. Schima wallichii, Terminalia bellirica, Bombax ceiba
and Carea arborea etc.). Such dominant trend by few highly
adaptable and coppicing species in disturbed sites was also
observed in other studies for several forest types. For instance
Memecylon umbellatum, Nothopegia heyneana, Myristica
dactyloides and Meliosma simplicifolia dominate in tropical
evergreen forest of Kolli hills of Eastern Ghats (Chittibabu and
Parthasarathy, 2000); Pinus spp., Quercus spp. dominates in
Montane Rain Forests of northern Chiapas in Mexico (Ramirez-
marcial et al., 2001); Mallotus philippensis, Schleichera oleosa,
Holarrhena antidysenterica and Flacourtia indica are few
dominant trees in Sal forest of Sohagibarawa Wildlife Sanctuary,
India (Pandey and Shukla, 2003); Rhododendron arboreum,
Eurya japonica, E. acuminata and Camellia cauduca were
dominant in undisturbed and disturb stands of sacred grove at
Swer in the East Khasi Hills of Meghalaya (Mishra et al., 2004);
Syzygium jambos in primary and secondary forest in the Luquillo
Mountains of northeastern Puerto Rico (Brown et al., 2006). In the
present study, top ten dominated species contributed 33.16 % of
total density with 34.55 % of basal area and IV of 87.30.

The number of observed species (ranged 11 to 109)
within the community groups varied significantly (F=7.40,
df=3,19; p=0.001). Species richness in moist deciduous habitats
was slightly higher perhaps due to high soil moisture, which
promoted easy germination and distribution of plants on
homogenous habitats. Shannon's diversity index ranged
between 1.42 to 4.11, which was maximum in case of S. wallichii
dominated community (Group 6) and expectedly recorded
minimum in case of rubber plantation (Group 1). Mean Shannon's
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diversity index varied significantly among the community groups
(F =13.14, df=3, 19; p=0.0001). Mean Simpson's dominance
index was 0.12 (range 0.02 to 0.42), which showed significant
difference within communities (F =6.92, df=3, 19; p=0.002).
Pielou's evenness index was 0.78 (range 0.20 to 0.94) and varied
significantly among the groups (F =8.29, df=3, 19; p=0.001). The
diversity indices differed significantly due to greater variation in
species number, composition, rare species, variation of indicator
and unique species richness among the tree associations. Mean
forest stem density was 875.92 ha™, which ranged between 328
to 1330 stem ha ™ within whole study. Although, stem density did
not differ significantly among the groups (F =2.02, df=3, 19;
p=0.14); but the range of stem density was found close to the
value 724-980 trees-ha™ in Meghalaya (Kumar et al., 2006),
938-1476 trees-ha™ iin sacred groves of the Jaintia hills in
Meghalaya (Upadhaya et al., 2003); 8161006 trees ha™ in Garo
hills of Meghalaya (Kumar et al., 2006). But the present range was
very less than 852-2103 trees ha” along undisturbed,
moderately disturbed and highly disturbed stands in Meghalaya
(Mishra et al., 2004) and 338-5452 ha, calculated for tree
including sapling and seedling in tropical wet evergreen forests of
Arunachal Pradesh (Bhuyan et al., 2003). Mean basal area was
13.87 m*ha” (range 8.91-56.08 m*ha”), which showed significant
difference within the communities (F =10.91, df=3, 19; p=0.0002)
which may be due to difference in forest age, dominance, growth
and reproductive traits among the species. However, present
calculation of basal area was approximately close to 57.4-71.4
m’ha’ than the sacred groves of the Jaintia hills in Meghalaya
(Upadhaya et al., 2003) and found greater than the range
(7.1-26.9 m’ha”) drawn along different stands in Meghalaya
(Mishra et al., 2004). But present value of basal area was very
less as compared to the range 16118 m*ha” calculated for Garo
hills of Meghalaya (Kumar et al., 2006) and 18.60 ~104.60 m*ha”
in Arunachal Pradesh (Bhuyan et al., 2003), especially along
different disturbance regimes.

Analysis of the pattern of girth class distribution among
the forest types provided the trend of their regeneration, age and
population status. Density proportion of trees in each forest type
indicated that the population of smaller girth classes dominated
as sapling stage or understory regeneration. Saplings density
was highest (724.86 ha™) for moist bamboo brakes due to high
density of B. tulda with culm girth typically attained upto 20cm.
High growth traits and patchiness condition of bamboo clumps
(Tewari, 1993) significantly increased stem density in moist
bamboo brakes. Tree sapling regeneration was found healthy in
case of moist mixed deciduous forest (539.60 ha™) as compared
to other forest stands, which indicated early successional stage
and density of smaller trees typically remained high at this early
stage. Usually sapling density was quite low to manage rubber
plantation 20 ha™ due to seasonal weeding, continuous reduction
in canopy light penetration, daily monitoring for latex collection
and other management practices applied in the planation.
Density-girth class distribution yielded reverse J-shaped curves
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Fig. 4 : Distribution of woody plant density in four population stages
(sapling, adult, mature and old) along six major vegetation groups within
Trishna Wildlife Sancturay of Tripurain Northeast India

in all natural stands of the study (Fig. 3). Tree population trend
was found to decrease with increasing girth class, which is a
typical characteristic of tropical forest (Condit et al., 1998). Stem
density within all population stages (sapling, adult, mature and
old) among the forest types was varied significantly (F=17.96,
df=3,23; p=0.0001); and, such significant differences was
expected as density of seedling or sapling stages remained
greater than adult stages in the natural forests. Significant
differences were also observed between sapling and mature
stages (£=5.56, df=10; p=0.002), sapling and adult stages (t=5.58,
df=10; p=0.002), adult and mature stages (=4.73, df=10;
p=0.008), adult and old stages (t=4.72, df=10; p=0.008). Stand
density did not differed significantly between sapling and adult
stages (£=0.86, df=10; p=0.41), mature and old stages (£=0.009,
df=10; p=0.90). Since, sapling (total 2556.81 ha™") population was
most abundant in those forest stands followed by adult (total
2169.04 ha™") and mature stage (total 32.63 ha™), which was least
abundant followed by old trees (total 36.86 ha™). However, adult
tree density (>30-120cm) was highest in case of secondary teak
plantation (568 ha™) followed by moist deciduous sal forest
(405.43 ha™) and moist mixed deciduous forests (308.40 ha™)
(Fig. 4). Whereas, in semi-evergreen forest patches the
representative of all mature girth classes (>120cm) were present
due to the presence of aged Dipterocarpus turbinatus trees
(>270cm) within the patches; which perhaps remained intact for
the nearness of the sanctuary office under strict protection by the
Forest Department. However, representative of mature tree
population was absent at different girth classes in other forests.
Specifically, gap of mature population was observed in teak
plantation (150-210cm), moist deciduous sal (180-270 cm), moist
bamboo brakes (240-270cm) and in moist mixed deciduous
forest (150-180cm). These age gaps in those forest stands
suggested the evidences of enough historic logging for timber.
Population status of top ten dominant trees along different forest
formations were given in Table 1. Among the tree species,
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Terminalia bellirica and Schima wallichii were co-dominated by
their IVl over other species in the most forest types. Similarly,
these two species are also found as typical predominant and co-
dominant elements in many other Indian deciduous forests
(Sundarapandian and Swamy, 1997; Reddy et al., 2008; Pandey
and Shukla, 2003; Kumar et al., 2006). In moist bamboo brakes,
Bambusa tulda predominated over other species due to the ability
of competition by both seed and rhizomatous multiplication with
regeneration of other species (Taylor et al., 2006; Majumdar et al.,
2012a). Surprisingly, Dipterocarpus turbinatus was also observed
as co-dominant tree in sal dominated moist deciduous forest and
Shorea robusta was associated with Dipterocarpus turbinatus in
semi-evergreen patches. Being a key component of semi-
evergreen patches, Dipterocarpus turbinatus has been red listed
as critically endangered (CR) by IUCN (2013). However, over
exploitation for timber, shrinkage of remaining semi-evergreen
patches for human habitation and plantation, loss of suitable
habitats etc. are the major threats for survival of this species.
Association between two predominant tree species (Shorea
robusta and Dipterocarpus turbinatus) was rarely observed.
Aporusa dioica, Microcos paniculata and Holarrhena
antidysenterica etc. were abundant in those forest types may be
due to the disturbance-tolerant traits (Majumdar et al., 2012b).
Hence, their density and dominance increased sometime greater
than key predominant trees of the forest by their high seed
regeneration ‘or stem coppicing abilities (Pandey and Shukla
2001). These small tree species are considered as local
oligarchic tree species, which are also abundant in the early
successional stage and are somewhat indicator of forest
degradation or human interferences. Significant differences
within tree species diversity and their population structure along
the forest types suggested enough variation in their niche
attributes at both species and habitat levels. Few species came
out as ecologically dominant due to their favourable edaphic
condition, high regeneration and growth traits in the present
study; but 32 singleton species may gradually disappearing from
their preferred habitat, and their existence may be affected by
increasing human interferences, dominance of other species and
several other undesirable climatic and edaphic factors.

Present investigation implies the status of woody plant
diversity and vegetation structure of an important protected area
of Northeast India. Both quantitative diversity and structural data
will be useful for future conservation implications for wildlife and
its preferred habitat in this region. Overall record of 289 woody
species from classified six different vegetation types was quite
higher and comparable with respect to its small geographical area
than other neighborhood studies. However, 32 species was
recorded with single individual and very rare occurrences in the
sanctuary. Species like Diospyros peregrina, Mangifera sylvatica,
Ochna integerrima, Polyalthia longifolia, Semecarpus
anacardium and Tricalysia singularis etc. were recorded as
singleton species, under this study from this sanctuary. Several
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species recorded in this study have been found globally red listed
by IUCN (2013), out of which Dipterocarpus turbinatus was listed
as critically endangered (CR, A1cd+2cd ve r2.3); Saraca asoca
was in vulnerable stage (VU, A1c ver 2.3), Bhesa robusta and
Mangifera sylvatica was recorded as of lower risk/least concern
(LC, ver 2.3 ) from this sanctuary. A rare woody climbing
gymnosperm of botanical interest, Gnetum montanum was also
recorded from this sanctuary, which is globally red listed as least
concern (LC, ver 3.1; IUCN, 2013). Hence, further studies are
required on population distribution, reproductive biology,
regeneration status and habitat modeling etc. especially for the
species which has come out with minimum transects occurrences
and single individual from this natural habitat of Trishna Wildlife
Sanctuary.
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