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Abstract

The forest in India have a long history of human induced modifications through intensive forest
management that began in the colonial period but continued afterwards to meet the wood-based demand until
the forestry goals shifted towards conservation efforts. All this greatly influenced the plant community
structure. We attempt to describe the abundance and distribution pattern of trees in recorded forestland of
Western Himalaya using the National Forest Inventory database. A total of 3549 sample plots laid across
different forest types were analyzed to reveal the abundance, frequency and distribution pattern of 226 tree
species/genus using various indices i.e. abundance by frequency ratio, Morisita index and variance mean ratio.
Twelve tree species and Eucalyptus genus were found to be most abundantly found tree species in recorded
forest area of Western Himalaya. Ten tree species were found to have regular distribution pattern, one hundred
ninety-two were contagiously distributed while twenty-five were randomly distributed. Results derived from
huge datasets helps in establishing firm statements with quoted significance value. Myrica esculenta and Aegle
marmelos were found among the most abundantly occurring tree species whereas Myrica esculenta, Syzygium
cumini and Pyrus pashia, were among the most relatively frequently occurring wild fruit yielding tree species.
These species (apart from fodder tree species) can be considered in social forest and joint forest management
programs in forest fringe villages/areas to enhance and sustain the provisional ecosystem services in Western
Himalaya.
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Introduction

Identifying and describing the distribution patterns that underlie the community structure has been an
interesting aspect of community ecology. Explaining them is relatively easy with handful of species but is
difficult in case when multiple species are involved. Detangling the processes involved in community
assemblage is important for understanding how community functions and will behave under future
environmental scenarios w.r.t climate change. Quite common species comprises the majority of the individuals
while less common species makes a very small contribution. The quantitative pattern of rarity and commonness
among species in a community is referred to as relative abundance. Such species abundance data (originated by
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R. H. Whittaker) can be plotted in a rank abundance curve, where each species is represented by a vertical bar
proportional to its rank abundance.

Species abundances data roughly gives idea about competition and predation, providing information on
how a community function. They allow comparisons of how various communities differ from each other.
Conservation biologists are often interested in relative abundance because rare species are more vulnerable to
extinction. The spatial pattern originates by virtue of dynamic ecological processes operating at various scale
and refers to the process or a combination of processes at given time (Fortin ¢z al., 2003). The literature reports
plant-plant interaction, environmental heterogeneity, seed dispersal and discurbance (Bisigato ez al., 2005;
Rayburn and Monaco, 2011) could be the reasons behind these.

Three basic spatial patterns discussed in literature are: 1) regular (uniform or even) patterns in which
individuals are uniformly spaced; 2) random patterns - individuals have equal chance of living anywhere; 3)
clumped (contagious) pattern - individuals have a higher probability of being found in some specified arca
(Mathur and Sunramoorthy, 2012). Odum (1971) described the clumped distribution as common most in
nature, while random distribution exists only in uniform environments. The observed spatial patterns often
have the potential to bring out the change in neighborhood. For e.g. regular patterns indicate intense
competition between plants for limited resource (Stoll and Bergius, 2005), the aggregated patterns indicate
neutral or positive plant interactions (Valiente-Banuet and Verdu, 2008).

The significance of spatial pattern has been explored by Salas ez al. (2006), Law ez al. (2009), Basiri ez al.
(2011) for tree/forest communities. The species distribution is very useful candidate essential biodiversity
variable at regional or state scales (Turak ez 4/., 2016). A combination of vegetation type, slope, aspect, edaphic
factors, and alticude (Sharma ez 4/, 2009, 2010; Gairola ez al., 2011) decides the composition and distribution
pattern (Kessler, 2001; Schmidt ez /., 2006). The quantitative information of woody species determines the
overall form and structure of a forest community and helps in planning and implementation of conservation
strategies (Singh ez 4/., 2016). Although extensive literature (Rawat and Chandhok, 2009; Sharma ez 4/., 2009;
Singh ez al., 2009; Rawat ez al., 2010; Raturi, 2012; Mechta ¢z 4l., 2015; Verma and Kapoor, 2016) is available
on distribution pattern of dominant tree species in Western Himalaya (WH) but they are all in isolated
segments representing local/ site level distribution pattern.

In spite of comprehensive studies, hardly any literature is available to depict the most abundantly found
tree species within the recorded forest area (RFA) of WH. We developed rank abundance diagram (RAD) to
see the relative distribution of various tree species. The abundance and frequency are analyzed for encountered
wild fruit tree species. We test our null hypothesis that there is no difference in the distribution pattern of tree
species at a very large landscape i.e. WH. With the huge dataset of wide coverage in National Forest Inventory
(NFI), this study will explore the physiographic zone level of distribution pattern of tree species. Such studies
help in adding the significance value to the derived results and the results thus obtained can be further used in
species level management of protected forest.

Materials and Methods

Study area

WH lies in north most part of the India and comprises of 20 studied districts belonging to three different
states of India - Jammu and Kashmir, Himachal Pradesh and Uttarakhand (Figure 1). Since the data is used
from NFI, every year 30 districts were selected randomly from whole country in such a way that all
physiographic zones get covered. Only 20 districts were covered in NFI during the period 2002 to 2015.

While the WH exhibit semiarid and cold arid climates, the far eastern ranges represent some of the
wettest places on earth with > 4000 mm annual precipitation. The effect of the monsoon becomes less
pronounced in the WH. Unlike the central and eastern parts, the WH receives higher precipitation during
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winter in the form of snow. The Himalaya forests dominated by the temperate broad leaf forests largely by oak
species ( Quercus spp-) constituting an important natural resource base.

70"({0“E 75”(:‘0“E 80’({0“E

,:__"_3:"..-:'-...-'\'.‘ N
///// i.. .“'“1’. PO L S A
Yy ~ | B 3 -
) R 2
Legend K // )
g_ % Inventoried districts e % /// Zuk | 2
. . 8 7 o 3
7/, Western Himalaya Districts in the WH ¥ / 74
14 Physiographic zones e // .',(
-~ |peesssss ) A o
of India '. Western Hiamlaya

1 )
75°00"E 80°00"E

Figure 1. WH in India comprising inventoried districts in NFI

Survey and data collection

NFI of India follows two stage stratified sampling. The primary sampling units are the administrative
units ie. districts, in which the secondary units are selected by stratified systematic sampling (Figure 2a and
2b). Sampling is done in (1) forests, (2) urban trees outside Forest (TOF) and (3) rural TOF. Systematic square
grids based on Survey of India topo-sheets are laid over the selected districts, to define the sample locations for
the secondary sampling units. Till now, the organization has published 16 India State of Forest Report (ISFR),
the latest being the ISFR 2019 that gives the assessment of forest cover within and outside RFA and Greenwash
area, carbon stock in forest, etc. (FSI, 2019). Tewari and Kleinn (2015) has described the developmental history
of NFI in India while and its biodiversity significance has been described by Thakur ez a/. (2018). Since the NFI
data covers a significant part of WH and is an in systematic manner, it allows the assessment of the distribution
pattern of tree species and reveals ecological information about the wild fruit yielding tree species. The NFI
data collected during the period 2002-2015 was used for the study. The data afterwards was not used since the
methodology got changed for the new NFI in the year 2016. The forest inventory plots are generated randomly
within the declared RFA irrespective of the fact whether the forest inventory point is actually falling over the
forest patch or not. Thus, the inventory plot falls under various categories as: 1) when sample plot laid and data
collected; 2) plot visited is only described but not laid due to steep slope/obstruction; 3) plot not approached
but vicinity is visited and plot is described; 4) inaccessible plots.

3549 plots were laid in WH during the period 2002-2015. However, there were 2230 plots with the
presence of tree species shown over 9 major forest types of India (Figure 3). A total of 456 plots falls under
tropical zone (below 700 m), 995 plots in sub-tropical zone (700-2000 m), 770 plots in temperate zone (>
2000-3500) and 9 sample plots in subalpine and alpine zone (>3500 m) if we distribute WH along altitude
(Negi, 2000). The plot is square shaped, 0.1 ha in size (Figure 2c) and involves the collection data of trees like
diameter at breast height > = 10 cm, height of trees, canopy diameter etc. (explained in “Manual of instructions
for field inventory-2002”, specifically designed for field inventory). 226 tree species were found and identified
taxonomically excluding one species code used for the species identified but not given code in NFI manual and
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one species for unidentified species/miscellaneous species. Since we assume the unidentified/non-coded species
represents some different species, we include them in our analysis but do not discuss them in the result.
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Figure 2. Sampling strategy in NFI: a) Random selection of 60 districts from all physiographic zones; b)
Systematic grid over scanned toposheets; ¢) Description of sampling unit
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Figure 3. Distribution of sample plots over nine major forest types found in WH

Data analysis

All data were stored in a Microsoft Excel database and analyzed quantitatively using this software.
Vegetation composition was evaluated by analyzing the abundance and frequency as per Mishra (1968) and
Curtis and McIntosh (1951). Abundance is determined as the number of individuals of different species in the
community per unit area. It is represented by the equation:

Abundance = Number of the individuals of the species/Total number of plots in which species is present

Important wild fruit tree species identified through literature review was analyzed for abundance and
relative frequency. Frequency indicates the degree of dispersion of individual species in an area and is expressed
in percentage. It reflects the spread, distribution or dispersion of a species in a given area. For example, if a
species is distributed uniformly in an area, there is greater probability of its occurrence in all quadrants and it
would have maximum frequency. In another case, a species may be clustered only in a part of the area, thus
would have lesser frequency. The % frequency of a species in a given area is calculated by the following formula:

Frequency (%) = Number of plots in which species occurred / total number of plots *100

The RAD is prepared for 226 tree species based on the estimated population of tree species, which was
derived from the number of stems found on the proportionate areca of RFA in WH. The RADs have been
linked to environmental conditions and gradients (Magurran, 2004; McGill ez 4/., 2007; Dornelas ez /., 2011).
One of the opinions is that the lognormal RADs prevail in stable, undisturbed environments, while log-series
RADs will be found in disturbed habitats with higher temporal or spatial variability (Hamer ez /., 1997; Hill
and Hamer, 1998).

Spatial exploration aims to identify and describe the spatial patterns by two approaches: a) first order
statistics, which includes the aggregation indices (variance to mean ratio; Morisita’s index, Green’s index etc.)
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based on species abundance data. These detect trends and indicate whether the spatial pattern exists or not, but
not its intensity. However, there exist a limitation of being not identifying pattern intensity. Here comes the
role of b) second order statistics (Ripley’s K, Moran’s I etc.) allowing the quantification of small-scale spatial
pattern intensity (i.c. magnitude, degree) and scale (spatial) and are sensitive to outlier data (Fortin, 1999).

The data were analyzed by calculating the abundance, frequency, mean, variance and dispersion indices
- Whitford index, variance-to-mean ratio (VMR), Morisita’s dispersion index (I5) to diagnose the distribution
pattern.

Whitford index

The spatial distribution of trees was determined following Whitford index W1 = abundance/frequency
(A/F Ratio) (Whitford 1949). A value <0.025 would imply a regular distribution, values between 0.025-0.05
means a random distribution and a value >0.05 would mean a contagious distribution.

VMR or Index of Dispersal (ID)
Dispersion of a population can calculated by variance to mean ratio (VMR); i.e.
VMR = s¥/x

where s> = sample variance, x = sample mean

A VMR value of 1.0 indicates a random distribution; zero (or < 1) indicates uniform while, more than
one indicates the clumped one. The significance of VMR can be tested by chi-square (x2) test. ¥2 is a good
approximation with N-1 degrees of freedom (Ludwig and Reynolds, 1988). The test static Chi-square was used
to test the departure from randomness and is expressed as:

K2 =1(n-1)

The test static assumes the null hypothesis as no difference between the observed distribution and a
distribution resulting from a random process (i.e. VMR = 1). The difference determines whether an observed
VMR value differs significantly from one (theoretical random resul).

Morisita’s Index of Dispersion

Morisita’s index (MI) of dispersion (I8) has been comprehensively used to evaluate the degree of
dispersion/aggregation of spatial point patterns (Morisita, 1959; Tsuji and Kasuya, 2001; Rayburn, 2011). This
index is closely related to the simplest and oldest measures of spatial pattern, the variance: mean ratio (Dale ez

al., 2002) and to other dispersion indices. It can be measured as:

L=n(Tx?-YIx)/Ex)-Ix

where x; = number of individuals in each sampling units, n= number of sampling units

Ml s 1 for a random distribution, >1 for a clumped distribution, and <1 for a regular distribution.

Chi sq test:

M2=(n¥x?/N)-N

n = total number of plots

N = total number of individuals in all plots

Variance-to-mean ratio-based indices are often criticized for being dependent on the sampling unit size
(Rossi and Higuchi, 1998; Costa ez al., 2010). However, it hardly influences the MI therefore most often used
in ecological studies (Rossi and Higuchi, 1998).

Spatial pattern may be determined at different stages generated by different biological and physical
factors (Maynou ez al., 2006; Foldvik ez al., 2010). The factors responsible for shaping the distribution pattern
may vary at small or larger scale, morphologically or environmentally (Bouxin and Gautier, 1982) and therefore
explaining the causal factors is a different issue.
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Results and Discussion

A log normal curve is observed on developing the of RAD based on relative abundance of 226 species vs
species rank distribution, characterized by a comparably high number of species with intermediate abundance
and smaller numbers of very abundant and very rare species (Figure 4). The tail of the curve is slightly flattened,
depicting a proportionately small fraction of large number of tree species falling in the rare category. The
estimated number of stems was based on the total recorded forest land of WH., which also revealed 45 out of
226 tree species contributes to half of the total estimated population of trees and are therefore responsible to
major proportion of Himalayan ecosystem services.

Few of the most abundantly found tree species (abundance > 10) in WH are Tecrona grandis,
Quercus oblongata, Pinus roxburghii, Quercus semecarpifolia, Shorea robusta, Quercus glauca, Cedrus deodara,
Rhododendron arboretum, Trewia nudiflora, Diploknema butyracea, Juniperus polycarpos var. seravschanica,
Pinus wallichiana and Eucalyptus spp. All these except T. nudiflora, D. butyracea and Eucalyptus species form
major forest type or sub type forest in WH. 7. nudiflora is an important associate of moist terai sal forest and
occur between 234 m to 976 m (as in NFI). D. butyracea is found in sub-Himalayan tract between 1044 m to
1596 m asl (as in NFI) especially in Garhwal and Kumaun region of Uttarakhand. Twelve species of Excalyptus
have been well represented in WH as per Bhatt ez a/. (2016). The most frequently found tree species (frequency
> 10) are Pinus roxburghii, Quercus oblongata, Rhododendron arboreum, Lyonia ovalifolia, Mallotus

philippensis, Shorea robusta, Lannea coromandelica and Pinus wallichiana.
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Figure 4. A rank abundance diagram of 226 tree species in WH

Few important planted tree species like Eucalyptus species, Tectona grandis, Populus species were also
inventoried within RFAs in the WH (Figure 5). Eucalyptus species occurred in Solan and Shimla district of
HP while in UK it was observed in Dehradun, Almora and Nainital. It occurred abundantly in Nainital district
where 220 out of 239 Eucalyptus trees were found at 16 different locations while very few were observed in
other districts. In case of teak, about 6% of sal bearing forested area of Uttarakhand state has been converted to
teak plantations (UKFD, 2008). The analysis revealed that with 657 trees out of 831 total trees of teak occurred
at 31 locations in Nainital district. Apart from it, 108 trees of teak occurred at 6 locations in Pauri Garhwal, 62
trees from 4 locations of Dehradun. Another most popular planted tree species i.e. Populus species was also

inventoried though in small number but quiet widely distributed within RFAs in Lahul and Spiti, Kullu,
Mandji, Shimla, Kinnaur, Uttarkashi, Pithoragarh and Nainital.
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The Whitford index indicated all the species were showing clumped distribution, which is very unusual.
However, we get different results when MI and VMR are used. It means these three indices have different level
of sensitivity towards distribution depiction. Table 1 lists various tree species showing different distribution

pattern as per MI and VMR.

Table 1. Overall distribution pattern of tree species in WH

Species found in Regular distribution pattern as per MI and VMR

Significance of result

Albizzia procera, Baubinia racemosa, Gardenia turgida, Grewia elastica, Melia
azadirachta, Murraya paniculata, Punica granatum, Randia dumetorum, Robinia

pseudocacia, Wendlandia exserta

Result is Not-Significant*
as per Chi-square test

Species found in Random distribution pattern as per MI and VMR

Acacia auﬂculzformi:, Albizzia julz'brissin, Carissa carandas, Casearia gmvealms,
Casearia species, Cordia dichotoma, Diospyros montana, Ficus racemose, Ficus virens,
Lindera pulcherrima, Gymnosporia emarginata, Olea europaea subsp. cuspidata,
Lyonia villosa, Pittosporum napaulense, Premna species, Prosopis species, Psidium
guajava, Rhododendron barbatum, Sapium sebiferum, Schrebera swietenioides, Spondias

pinnata, Symplocos lucida, Salix acmophylla, Zanthoxylum armatum, Jatropha curcas

Result is Not-Significant*
as per Chi-square test

Species found in Clumped distribution pattern as per MI and VMR

Acacia nilotica, Acacia lenticularis, Acer laevigatum, Haldina cordifolia, Ailanthus
altissima, Ailanthus excelsa, Albizzia chinensis, Alnus nepalensis, Baubinia malabarica,
Bauhinia variegate, Betula cylindrostachya, Bischofia javanica, Bombax ceiba, Bridelia
retusa, Careya arborea, Casearia tomentosa, Castanopsis hystrix, Toona ciliate,
Cinnamomum tamala, Cocculus ldurz'fa[im, Cordia myxa, Cordia species, Crataeva
religiosa, Dillenia pentagyna, Diospyros melanoxylon, Ebretia acuminata, Cassine
glaum, Phyl[;mtbus emblica, Eugenia species, Euonymus lacerus, Feronia limonia, Ficus
carica, Ficus relzgz'om, Ficus species, Flacourtia indica, Flacourtia species, Fraxinus species,
Glochidion heyneanum, Gmelina arborea, Grevillea robusta, Grewia asiatica, Grewia
oppositifolia, Helicteres isora, Hymenodictyon excelsum, Lonicera quinquelocularis,
Machilus odoratissimus, Madbuca latifolia, Mangifera indica, Meliosma species,
Mitragyna parviflora, Moringa species, Pithecolobium dulce, Populus ciliata, Putranjiva
roxburghii, Randia species, Ranwolfia serpentina, Rbus species, Rhus succedanea, Salix
alba, Santalum album, Sapindus mukorossi, Falconeria insignis, Schleichera oleosa,
Semecarpus anacardium, Mitragyna diversifolia, Sterculia villosa, Stereospermum
suaveolens, Stranvaesia nussia, Strychnos potatorum, Syzygium samarangense,
Terminalia avjuna, Terminalia bellivica, Ulmus wallichiana, Wrightia arborea,

Ziziphus jujuba, Zizyphus xylopyrus

Result is Significant* for
both MI and VMR as per
Chi-square test

Abies spectabilis, Abies pindrow, Acacia catechu, Acer acuminatum, Acer oblongum,
Acer pictum, Acer species, Aegle marmelos, Albizia species, Alnus nitida, Alnus species,
Anogeissus latifolia, Azadirachta indica, Acacia sp., Bauhinia species, Cornus capitata,
Betula alnoides, Betula utilis, Boehmeria species, Buchanania cochinchinensis, Butea
monosperma, Buxus wallichiana, Carpinus viminea, Cedrus deodara, Celtis australis,
Cinnamomum species, Cornus macrophylla, Corylus colurna, Cotoneaster bacillaris,
Cupressus species, Cupressus torulosa, Dalbergia latifolia, Diospyros species, Diploknema
butyracea, Ebretia laevis, Engelbardtia spicata var. integra, Engelbardtia spicata,
Erythrina suberosa, Eucalyptus species, Ficus bengalensis, Garuga pinnata, Grewia
species, Grewia tiliifolia, Holoptelea integrifolia, llex species,

Juniperus polycarpos var. seravschanica, Juniperus species, Kydia calycina, Lagerstroemia

species, Leucaena Zemoceplmla, Limonia acidissima, Limonia species, Litsaea

Result is Not- Significant*
for both MI and VMR as
per Chi-square test
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monopemla, Litsaea species, Lyonia 01/4[;'}”0[1’4, Macaranga denticulata, Machilus species,
Macropanax dispermus, Miliusa velutina, Morus alba, Morus species, Murraya koenigii,
Myrica esculenta, Nyctanthes arbortristis, Osmanthus fragrans, Ocotea lancifolia,
Phoenix sylvestris, Picea smithiana, Pinus wallichiana, Pinus gerardiana, Pinus
roxburghii, Pongamia pinnata, Prosopis guliflora, Prunus cornuta, Pterocarpus
marsupium, Pyrus species, Quercus floribunda, Quercus glauca, Quercus lanata, Quercus
oblongata, Quercus semecarpifolia, Quercus species, Rhododendron arboreum,
Rhododendron species ,Salix species, Sanranja nepanlensis , Shorea robusta, Syzygium
cumini , Symplocos cochinchinensis, Taxus baccata , Tectona grandis, Terminalia species,

Trewia nudiflora, Vitex negundo, Xylosma longifolinm, Zizyphus glabrata

Aesculus indica, Albizzia lebbek, Cassia fistula, Dalbergia sissoo,
Fernandoa adenophylla, Holarrhena pubescens, Juglans regia, Lagerstroemia parviflora,
Lannea coromandelica, Mallotus philippinensis, Desmodium oojeinense,

Pistacia chinensis subsp. integerrima, Populns species, Prunus species, Pyrus pashia,

Result is found Significant
by MI, but Not-significant
by VMR, as per Chi-square

test
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Figure 5. Few important planted tree species encountered in WH
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Ten species were found to have the regular distribution pattern (just 4.38% of total tree species
encountered in NFI exercise) by both VMR and ML They were all widely distributed in the WH (Figure 6).
Singh ez al. (2016) found not even a single tree in regular distribution pattern in oak dominated forest of
Garhwal Himalaya.

One hundred ninety-two tree species were contagiously distributed across the physiographic zone of
WH and found to form major proportion (around 83.77%). Many of them reportedly found to show similar
distribution pattern in local small area study (Table 1). When tested for significance, 76 species were jointly
accepted (calculated value greater than critical value), 96 species were jointly rejected by VMR and MI while
19 species were rejected by VMR and accepted by MI (Table 1)

About twenty-five randomly distributed tree species were found as single individual but spatially were
widely distributed throughout the WH (Figure 7). They form around 10.96% of total tree species encountered
in WH. Their less count is expected out of random distribution however all of them were represented by single
individual is a matter of concern. Since the NFI counts all individuals above 10 cm diameter, there exists a
probability of finding their young ones in less than 10 ¢m dia class/regeneration stage. These species when
analyzed in detail, six were found to be in big timber class (> 30 ¢m dia) rest all were lying either in small timber
or pole crop (< 30 cm dia class). Eighteen species among these were reported to be medicinally important in
licerature.

70'00°E 75°00°E B80°0'0°E
1 1 1

D Western Himalayas
% Inventoried districts

o  Regular distributed species

35°00°N

Species BADGAM
code Botanical names

57|Albizia procera

140|Bauhinia racemosa

524 |Gardenia turgida

544 |Grewia elastica

784 |Melia azadirachta

824 |Murraya paniculata

989 |Punica granatum

30°00°N
1

1033 (Randia dumetorum

1047 |Robinia pseudoacacia 105 210
1 1 1 | 1
1244 |Wendlandia exserta Kilometers

1 ) 1
70°00°E 75°00°E 80°00°E

Figure 6. Uniformly (Regular) distributed (widely) tree species encountered in WH
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Figure 7. Randomly distributed (widely) tree species encountered in WH

The literature reports more than 60% of tree species (found in NFI) were used as major fodder by
inhabitants of WH. Apart from these, fourteen tree species occurred in NFI, were used as wild edible fruit
(reported in literature) were analyzed (Figure 8). Myrica esculenta,and Aegle marmelos were the most

Figure 8. Abundance and relative frequency of tree species used as fruit source found in WH.
Carissa cavandas (217), Spondias pinnata (1110), Phyllanthus emblica (410), Mangifera indica (768),
Ziziphus jujuba (1287),  Flacourtia indica (495),  Diospyros melanoxylon (353),
Garuga pinnata (526), Buchanania cochinchinensis (170), Syzyginm cumini (1136), Aegle marmelos (37),
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abundantly occurring tree species whereas Myrica esculenta, Syzygium cumini and Pyrus pashia, were among the
most relatively frequently occurring wild fruit yielding tree species (when species is encountered in more than
10 sample plots). These species (apart from fodder tree species) can be considered in social forest and joint
forest management programs in forest fringe areas to enhance and sustain the provisional ecosystem services in

Pyrus pashia (992),
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Conclusions

With this study, it seems that approximately 20% of the tree species constitutes half of the total tree
population and therefore they should be taken care of while adopting appropriate conservation approach for
the existing biodiversity of WH. We also reject the null hypothesis that there is no difference in the distribution
pattern of tree species and conclude that tree species are majorly contagiously distributed (83.77%) supporting
the reported results in literature from other parts of the world where tree species tended to be clumped (Condit
et al.,2000). Among the most abundantly found tree species in WH, it is important to carry out relevant studies
to identify those tree species such as 7. nudiflora and D. butyracea which does not form any specific distinct
ecological forest type or sub type but are equally or more aggregated as forest forming dominant tree species
and try to understand whether they are creating their own niche. It’s also interesting to find that Eucalyptus
species comes among the most abundantly found tree species in recorded forest area probably as a consequence
of most commonly planted species in India. We know it’s an exotic species but have been an important species
under various plantation programs in India. The plantation of wild edible fruit yielding tree species in the
forests/ community lands available in the villages would be helpful in checking unsustainable harvesting of wild
edibles from their natural populations, and thus will lead to their conservation in wild in the longer term.
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