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Abstract

This paper deals with the study of vegetation analysis of tree species in Ganesh and Ramnagar community
forests (CF) of the Terai region. For the study, altogether 63 concentric sample plots (each plot of 500 m?)
were laid using systematic sampling with a sampling intensity of 0.5%. A total of 967 individual trees
representing 16 different tree species were identified. Both CF was dominated by monospecies such as
Mallotus philippensis (Ganesh CF) and Shorea robusta (Ramnagar CF) based on the Importance Value Index
(LV.]). Likewise, the Shannon-Wiener diversity index was higher in Ganesh CF whereas the dominance
index was low. Similarly, the index of evenness and richness was also slightly higher in Ganesh CF than
Ramnagar CF. The study provided information about the structure, composition, and dominance of tree
species which is essential for conservation and sustainable management of community forests. Therefore, this
article serves as an example of establishing community forests so as to initiate the conservation and
preservation of local biodiversity.
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Introduction

Tropical forests are the richest biological communities on earth and these forests have been recognized to
harbor a significant proportion of global biodiversity (Naidu et al., 2016). The study which deals with
quantitative analysis of vegetation is known as Phytosociology (Mandal and Joshi, 2014). It is important to
know the phytosociological information of particular tree species for a better understanding of their ecology
(Kharakwal, 2009). The identification of the plant communities helps us to acquire information about habit,
habitat, niche, vegetation structure as well as various interactions among them (Khan et al., 2017). Likewise,
identification of the vegetation and species diversity patterns is fundamental for the conservation of natural
areas and these patterns have frequently been focusing on ecological studies (Zhang et al., 2013). For studying
the dynamic nature of vegetation along with specific eco-environmental situation several information on plant
diversity and distribution is required (Sorecha and Deriba, 2017). Therefore, vegetation analysis is an
important tool for a plant ecologist and has many uses in range management and comparative studies (Tarin
etal., 2017).

The forest community structure, composition and diversity pattern is influenced by environmental factors like
temperature, precipitation, light, etc. as well as anthropogenic disturbance stimuli including tree felling,
overgrazing and forest fires (Timilsina et al., 2007; Gairola et al., 2008; Shaheen et al., 2012). Similarly,
Shrestha et al. (2000) had also reported that the annual rate of deforestation (ca. 1.7%) in the last 16 years has
been attributed in Nepal mainly to human population growth leading to greater demand for farming land, fuel
wood, fodder, timber etc. These disturbances constitute serious threats to the ecosystem and may cause an

irreversible damage (Archer and Stokes, 2000).

To procure competent conservation of forest, a better understanding of the particular forest and their past
instabilities play a vital role (Geldenhuys and Murray, 1993). It shows that the conservation of plant diversity
possess greater significance to the world from unprecedented loss of biological diversity (Brilliant, 2012).
Further, knowledge and information about the plant diversity of particular forests is baseline information for
the management and conservation of biodiversity (Dutta and Devi, 2013). However there are very limited
studies in Nepal, therefore this study is an attempt to fill the gap and provide baseline information on the
structure, composition, and dynamics of the current tree species in selected community forests in the Terai

region of Nepal.
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Methodology

Study area

The study was done in the two different community forests (CF) namely Ganesh CF and Ramnagar CF of
Terai region in Kanchanpur district of Nepal. Terai region experiences tropical to sub-tropical climate (Figure
1). Kanchanpur district is located in Farwestern Province, southern west part of Nepal with Bhimdatta as
its district headquarters which is bounded by Dadeldhura district (Churia hills) in the north, India border
in the south, Kali River (India) in the west and Kailali district in the east. Ganesh CF is natural mixed Sal
broad-leaved forest which covers a total area of 434.48 ha ranges to the elevation 221-300 masl. Similarly,
Ramnagar CF is natural Sal forest covers an area of 197.16 ha at an elevation of 120-145 masl. These two
community forests were handed over to the community forest user groups in the years 2001 and 2010 A.D.,

respectively. The main characteristic of two community forests is summarized in Table 1.

Map of Nepal showing Kanchanpur district N Map of Karichanpur district showing study areas

)

0 90 180 360 540 720 0459 18 27 36
Kilometers S Kilometers

Map of Bedkot Municipality showing Ganesh CF N Map of Belauri Municipality showing Ramnagar CF N

O mmm— Kilometers

Figure 1: Map of study sites
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Table 1: The main characteristic of community forests (CFs)

Name Ganesh CF Ramnagar CF
Address Ward no. 6, Bedkot municipality, | Ward no 5, Belauri municipality,
Kanchanpur district Kanchanpur district
Area (ha) 43448 197.16
Territorial unit 3 block 8 sub compartment

North-Chure National Forests
boundary

North-Buffer zone area boundary

South-Musepani village area

South- Sitanagar CF boundary

Boundary :

East- Bachela CFUG East- Ramnagar village area

West- Chunepani river with Amar . .

CFUG boundary West- Belauri-Kaluwapur highway
Altitude 221m - 300 m above masl 120m - 145 m above masl
Soil type Alluvial, sandy and graveled soil Black. alluvial and mixed clayey soil
Crown cover (%) 40 65
Maior plant species Shorea robusta, Mallotus | Mallotus philippensis, Shorea

Jorp P philippensis, Adina cardifolia robusta, Terminalia tomentosa

Associated  plant | Schleichera oleosa, Anogeissus | Pterocarpus marsupium, Anogeissus
species latifolia, Lagerstroemia parviflora latifolia, Lagerstroemia parviflora

Wild animal species

Sus scrofa, Panthera pardus, Lepus
nigricollis, Boselaphus
tragocamelus, Macaca mulata

Axis axis, Boselaphus tragocamelus
Panthera pardus, Sus scrofa, Canis
lupus, Macaca mulata

Data Collection

The area of both community forests was larger than 100 ha. Therefore, altogether 63 concentric sample plots

were laid using systematic sampling with a sampling intensity of 0.5% as per Community Forest (CF)

Inventory Guidelines, 2004. The area of each circular sample plot was taken 500 m? along with 12.62 meter

radius was used for sampling trees species and the number of sample plot in each community forest was

determined by the formula given as:

Number of Sample plot =

Area of CF (sq.m.) X sampling intensity (%)

Area of sample plot (sq.m.) x 100

Diameter at breast height (dbh) of each tree within the plot was measured using diameter tape at 1.3 m and

tree height was measured by using SILVVA clinometer.
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Data analysis

Vegetation Parameters

Shannon - Wiener diversity index (H’)

The species diversity of the forest community was calculated to get the better quantitative description of the
community. For the calculation of the species diversity, Shannon -Wiener diversity index (H”) was applied.
Shannon-Wiener index (H”) can be calculated as:

H’=-Y" (ni/N)In(ni/N) = - " Pi In pi (Shannon-Wiener 1963), Where, N =Total no of species., hi = number
of individuals of species., Pi = ni/N.

Index of dominance (c)

Index of dominance was calculated by the following formula:

c=Y (Pi)? (Simpson 1949), Where, ¢ = Simpson index of dominance, Pi = the proportion of important value
of the i" species (Pi = ni/N, ni = number of individuals of each species and N = total number of individuals.
Simpson index of dominance is inversely related to diversity; therefore, it is usually expressed as 1-D or 1/D
(Dalyetal., 2018).

Evenness index (e)

Species evenness refers to closeness in the number of each species in a community. It was calculated by the
following formula:

e=H"/In S (Odum1967), Where, H’ = Shannon -Wiener Diversity Index, S = numbers of k species.

Species richness (D)

The species richness was calculated by using the method ‘Margalef’s (1958) index of richness’ (D).

D =(S-1)/In N, Where, S = Total number of species, N = Total number of individuals.

Quantitative Data Analysis
For the quantitative data analysis frequency, density, basal area, abundance and I.V.1. of tree species is
calculated by using the method described by Zobel et al. (1987) with some modifications. The description

and formulas used for calculation of these attributes are given below:

Freguency and Relative frequency
Frequency designates the dispersion of species in acommunity. It is the percentage of sampling units in which

a particular species occurs.

F (%) = No. of plots in which species A occured 100
FEAUEREYRA) = Total no. of plots sampled
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Relative frequency specifies frequency of a particular species in relation to total frequency of all the species

present in the community.

Relative f (%) = Frequency of species A 100
Cratve EqUEney 170 = Total frequency of all the species

Density and Relative density
Density shows the number of individual trees per unit area and it indicates the statistical strength of a species

in a community.

Densit (no) _ Number of individuals of species « 10000
ensity ha’/  Total no. of plots studied x area of each plot

The proportion of density of species with respect to the total density of all the species within an area is referred
to as relative density. In other words, it is the numerical strength of a species in relation to the total number of

individuals of all species.

Relative density (%) = Density of species A 100
elative density L) = Total densities of all species

Basal area and Relative basal area
Basal area refers to the ground actually penetrated by the stems (Hanson and Churchill, 1961). It is one of the
characters that determine dominance.

1 x (dbh)?

Basal area (sq.cm) = 2

Similarly,

Relative basal (%) = Basal area of species A % 100
clatve basatarea i) = Total basal area of all species

Abundance and Relative abundance
It is the study of the number of individuals of different species in the community per unit area (Curtis and
Mclntosh, 1950).

Total number of individuals of the species

Abund =
HRAanCe = T otal number of plots in which the species occur

Similarly,

. Abundance of the species A
Relative abundance = x 100
Total abundance

Importance Value Index (1.V.1.)
It can be calculated by adding the relative values of the three parameters density, frequency, and basal area.

Importance Value Index is calculated by:
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L.V.I. = Relative Density + Relative Frequency + Relative Basal area (Curtice, 1959).
L.V.1. is a reasonable measure to assess the overall significance of a species since it takes into account several

properties of the species in the vegetation.

Statistical analysis

Data analysis was done with the help of Microsoft - Excel (2010) and SPSS Software. Microsoft Excel
spreadsheet was also used to draw graphs, tables and interpret data. The independent t-test was performed to
determine whether there is a statistically significant difference between the means in two unrelated groups or

not.

Results

Vegetation parameters

Different parameters were analyzed for the vegetation analysis of both community forests. In this study,
twenty-two tree species were identified and recorded from 63 sample plots of both the community forests. In
Ganesh CF, sixteen species (Table 2) of trees with a total individual of 318 trees were identified and measured.
Similarly, in Ramnagar CF, 16 species (Table 2) of trees with total individual of 649 trees were identified and
measured. Shorea robusta, Mallotus philippensis, Adina cordifolia, Schleichera oleosa, Lagerstroemia
parviflora, Cassia fistula, Terminalia bellerica etc. were the common tree species in both the community
forests.

Table 2: Descriptive statistics of vegetation parameters with variation in CF sites

S.N. | Parameters Ganesh CF Ramnagar CF
1 | Number of species 16 16
2 | Number of individual trees 318 649
2 | Shannon-Wiener Index (H”) 1.61 112
3 | Index of Dominance (c) 0.36 051
4 | Richness Index (D) 2.60 2.32
5 | Evenness Index (e) 0.58 04
6 | Mean + SE Tree dbh (cm) 3169+ 3.63 225+5.16
7 | Mean £ SE Tree height (m) 961+113 10.26 + 1.66
8 | Mean + SE Tree density (number ha?) | 9.24+5.21 40.56 +28.12
9 | Mean + SE Tree basal area(m?ha?) | 16.11+0.39 2447 +1.28

Mallotus philippensis and Shorea robusta were dominating tree species in Ganesh and Ramnagar CF
respectively. In Ganesh CF, Mallotus philippensis (85 trees ha™) had a higher density than other tree species
whereas, in Ramnagar CF, Shorea robusta (449 trees ha'®) had a higher density than other tree species. Two

tree species such as Terminalia bellerica and Bombax ceiba had less than one tree per hectare in Ganesh CF
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and three tree species such as Adina cordifolia, Dalbergia sissoo and Ziziphus mauritiana had less than 1 tree

per hectare in Ramnagar CF. The maximum frequency of tree species was Mallotus philippensis (67.44%)

and Shorea robusta (100%) in Ganesh and Ramnagar CF respectively. In Ganesh and Ramnagar CF, relative
density of Mallotus philippensis (57.55%) and Shorea robusta (69.18%) was found to be highest respectively

(Table 3). Similarly, the relative frequency was found to be highest in Mallotus philippensis (29.90%) for

Ganesh CF and Shorea robusta (25%) for Ramnagar CF. The relative dominance of Mallotus philippensis

(35.93%) was found maximum in Ganesh CF whereas Shorea robusta (84.30%) had maximum relative

dominance in Ramnagar CF. Similarly, Acacia catechu (38.72%) had maximum relative abundance in

Ganesh CF and Shorea robusta (40.21%) had maximum relative abundance in Ramnagar CF (Table 3).

Table 3: Species wise Relative density, Relative frequency, Relative dominance, Relative abundance and

Importance Value Index in Ganesh CF

S.N | Species Rela?ive Relative sgrlﬁit::;lence Importance aRSLarwt;V:nce
density (%) | frequency (%) %) Value Index )

1 | Acacia catechu 5.66 1.03 0.55 7.24 38.72
2 | Adina cordifolia 2.52 6.19 22.14 30.84 2.87
3 | Anogeissus latifolia 4.09 10.31 2.75 17.14 2.80
4 | Bombax ceiba 0.31 1.03 175 3.10 2.15
5 | Cassiafistula 3.77 8.25 0.92 12.94 3.23
6 | Ficus bengalensis 0.94 3.09 715 11.19 215
7 | Ficus spp. 157 3.09 0.32 4.98 3.59
8 | Holoptelia integrifolia 1.89 2.06 3.87 7.82 6.45
9 Laggrstroemia

parviflora 4.09 9.28 1.78 15.15 311
10 | Madhuca indica 0.63 1.03 0.48 2.14 4.30
11 | Mallotus philippensis 57.55 29.90 9.72 97.16 1357
12 | Schleichera oleosa 157 5.15 7.13 13.85 2.15
13 | Shorea robusta 13.84 15.46 35.93 65.23 6.31
14 | Syzygium cumini 0.63 1.03 0.04 1.70 4.30
15 | Terminalia bellerica 0.31 1.03 2.22 3.56 2.15
16 | Unknown spp. 0.63 2.06 3.25 5.95 2.15

Table 4: Species wise Relative density, Relative frequency, Relative dominance, Relative abundance and

Importance Value Index in Ramnager CF

Relative Relative Relative Importance Relative
SN Species density Frequency | dominance Val%% Index | 2Pundance
(%0) (%0) (%0) (%0)
1 | Adinacordifolia 0.15 1.25 0.01 141 1.79
2 | Anogeissus latifolia 1.85 8.75 0.17 10.77 3.07
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3 | Bombax ceiba 0.46 3.75 0.10 431 1.79
4 | Cassiafistula 0.62 3.75 0.16 453 2.39
5 | Dalbergia sissoo 0.15 1.25 0.17 158 1.79
6 | Dillenia pentagaina 0.46 3.75 0.06 4.27 1.79
7 | Diospyrous melanoxylon 0.46 250 0.05 301 2.69
8 | Lagerstroemia parviflora 200 5.00 0.39 7.39 5.82
9 | Mallotus philippensis 18.03 11.25 351 32.79 23.28
10 | Pterocarpus marsupium 154 7.50 2.30 11.34 299
11 | Schleichera oleosa 0.77 3.75 0.12 4.64 2.99
12 | Shorea robusta 69.18 25.00 84.30 178.49 40.21
13 | Syzygium cumini 0.77 5.00 0.09 5.86 2.24
14 | Terminalia bellerica 0.62 5.00 0.98 6.60 1.79
15 | Terminalia tomentosa 2.77 11.25 757 21.59 3.58
16 | Ziziphus mauritiana 0.15 1.25 0.01 142 1.79

Importance Value Index (1.V.1.)

The Importance value index (I.V.1.) was calculated by summing relative density, relative basal area, and
relative frequency. The most dominant tree species in Ganesh CF was Mallotus philippensis (97.16) (Table
3) and Shorea robusta (178.49) (Table 4) was in Ramnagar CF based on 1.V.1. Syzygium cumini (1.70) (Table
3) and Adina cordifolia (1.41) (Table 4) had the lowest IV1 in Ganesh and Ramnagar CF, respectively.

Distribution of diameter class

Ganesh CF has the maximum number of trees in diameter class of (11-20) cm which attributes 165 tree
individuals (Table 5). Similarly, Ramnagar CF has the maximum number of trees in diameter class of (>5-
10) cm which accounts for 516 individuals. In both CF, the diameter class of (31-40) cm has the least number
of individual trees i.e. 3 and 2 respectively (Figure 2).

516 EGanesh CF = Ramnagar CF

500 -
450 +
400 -
350 +
300 -
250

150 75 i
100 - | | 38 3 15 29

. .5 32 10 3 710 138 10 12
>0 | - - - = _— ==

>5-1o| 11-2o| 21-30 | 31-40 | 41-50 | 51 - 60 | 61-70 | 71-80| >80

Number of trees

Diameter class (cm)

Figure 2: No. of tree individual distribution with different DBH class
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Table 5: Percentage distribution of tree diameter at breast height

Ganesh CF (n = 343) Ramnagar CF (n = 664)
SN. | DBH class (cm) No. of individuals | Percentage No. of individuals Percentage
1 >5-10 75 21.87 516 77.71
2 11-20 165 48.10 93 14.01
3 21-30 38 11.08 5 0.75
4 31-40 3 0.87 2 0.30
5 41-50 10 2.92 3 0.45
6 51-60 7 204 10 151
7 61-70 13 3.79 8 120
8 71-80 10 292 15 2.26
9 >80 22 6.41 12 181

About fifty percent of the tree species have the DBH range 11-20 cm in Ganesh CF whereas in Ramnagar CF
more than seventy-five percent of the tree species are found to be in the DBH range >5-10 cm, which shows
that the both of community forests have more pole stages trees. The species distribution in both community
forests primarily consists of small-sized trees with a diameter range of >5-20 cm. In both community forests,
there is less percentage of trees with a diameter exceeding 30 cm (Table 5). After the statistical analysis, the
p value was found to be more than 0.05 for Shanon-Weaver index, evenness index and dominance index

which indicates that there is no significant difference among the community forests with respect to different

vegetation attributes (Table 6).
Table 6: Independent t-test for different vegetation attributes
Vegetation attributes Ganesh CF Ramnagar CF t-value | p-value

No. | Mean+SD | df | No. | Mean+SD | df

Shanon-Weaver Index | 16 | 0.1+009 |15| 16 | 0.07+£0.09 | 15| 1.0064 | 0.32243

Evenness Index 16 | 004+003 | 15| 16 | 0.03+0.03 | 15| -1.0627 | 0.2694

Dominance Index 16 | 0.02+008 | 15| 16 | 0.03+0.12 | 15| -0.2753 | 0.78498

Where, * p< 0.05 is considered as statistically significant, No. = number of observations.

Discussion
Equal numbers (16 each) of species were recorded in both CFs but the higher number of individuals was
found in Ramnagar community forests than Ganesh. The decrease in the total number of species individuals

towards the Ganesh CF site and small number of major species found here may reflect repeated anthropogenic
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exploitation pressure on those major species (Sagar et al., 2003). Too much anthropogenic degradation and
disturbances in community forests may lead to the loss of major plant species, while favoring the growth of
fewer disturbance tolerant plant species (Johnson and Miyanishi, 2007).

However, Shannon-Wiener diversity index was also higher in Ganesh CF whereas the index of dominance
was lower in Ganesh CF and found to be more in Ramnagar CF. Higher diversity means more variety of
species whereas high dominance index means only a few species are dominant in the specific community.
Likewise, analysis of the evenness index showed that evenness was high in Ganesh CF indicating that the
species were relatively evenly distributed in Ganesh CF. Additionally, Ganesh CF possesses higher species
richness than Ramnagar CF. Similarly, Mean dbh of tree species was recorded higher in Ganesh CF but the
mean height of trees species was found slightly higher in Ramnagar CF. This might be due to the fact that
Ganesh CF contained a higher number of species towards maturity and trees were slightly smaller in height
due to the results of forest degradation by various human disturbances and livestock grazing pressure. In the
case of Ramnagar CF, the age class distribution of most of the Sal species was evenly distributed. Dar and
Sundarapanian (2016) also reported that the variation in species composition and richness may be due to the
age structure of forest types, level of anthropogenic pressure, and difference in climatic conditions. Whereas,
our study shows that the plant species diversity and their quantitative features show that the overall community
is heterogeneous; however it is not statistically significant (Table 6).

The most dominant species in Ganesh and Ramnagar CF were Mallotus philippensis and Shorea robusta,
respectively. The disappearance of previously dominant species like Shorea robusta and appearance of

Mallotus philippensis with other non-woody species as a dominant character at their recruitment stage has
been commonly observed as a result of severe forests degradation or disturbance activities such as grazing
and browsing pressure (Onaindia et al. 2004). In this study, higher tree density (649 number ha?) was
observed in Ramnagar CF followed by 148 number hain Ganesh CF. In the study conducted by Shrestha
and Jha (1997), the densities in Bardiya National Park was found to be 348 number ha which is low in
comparison to the Ramnagar community forest.

Similarly, 1.V.I. values express the dominance and ecological succession of any species with the single value.

In the Ganesh CF, Mallotus philippensis had the highest value of 1.1 followed by Shorea robusta and Adina
cordifolia. Similarly, in Ramnagar CF, Shorea robusta had the highest value of I.V.1. followed by Mallotus
Philippensis and Terminalia tomentosa. This showed that Mallotus Philippensis and Shorea robusta are
dominant species on the basis of L.V.I. value in Ganesh and Ramnagar CFs respectively. It may be concluded
that the community studied exhibited high diversity of plant forms, better ranking on LV.I. and other

associated parameters.
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Similarly, while analyzing diameter distribution in CFs types, number of trees found to be decreased with the
increase in dbh up to dbh class 30 —40 cm in the case of Ramnagar CF. But the trend was irregular in Ganesh
CF as the number of trees in >5 - 10 cm dbh class was less than that in the 10 - 20 cm dbh class. The total
mean basal area of trees in Ganesh and Ramnagar CF was estimated to be 16.11 m? hatand 24.47 m? ha,
respectively which was comparatively lower than in the study conducted by Shrestha and Jha (1997), in
Bardiya National Park (36 m? ha®). It could be due to the natural and human disturbances against the lower
dbh plants.

Conclusion

The study demonstrated vegetation analysis of tree species in Ganesh and Ramnagar community forests. The
most dominated single species was Shorea robusta in Ramnagar CF and Mallotus philippensis in Ganesh CF
based on the I.V.1. The information about the dominance of tree species in these communities plays a vital
role to assess the economic potential of the forest. Thus, the investigation of tree species composition, diversity
and interaction of tree species in community forests provide a frame of reference to other researchers and
policy-makers that will ultimately support in managing the community forests and further studies. Hence, it
is strongly recommended that for the conservation and preservation of community forests, awareness and
training program related to biodiversity conservation of forests should be encouraged at the local level which

will ultimately help in balancing healthy nature and life as well.
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