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Abstract: This study aimed to assess the forest structure, composition, and diversity pattern at different elevations in
Morang District, eastern Nepal, using stratified random vegetation sampling technique in five forests: Bhaunne, Raja-
Rani, Murchungi, Adheri, and Sagma. Trees, shrubs and herbs of each forest was sampled through quadrat of 20 x 20 m?,
5x 5m? and 1 x 1 m? each respectively. A total of 315 plant species belonging to 82 families and 255 genera found by
this study. A total of 50 quadrats each for trees, shrubs and herbs sampled during this study. A total 10 quadrats studied
for each life form from each forest. This study obtained 5,037 individuals across all forests. The highest number of
species (55) was recorded from Raja Rani forest, and the highest tree density (985 ind ha!) was observed in Adheri
forest. The highest density of shrub (24400 ind. ha!) and herbs (44.1 ind.m?) were recorded in Sagma forest. The
Shannon Wiener index value of herb layer was found to be the highest (3.79) at Bhaunne forest. This value for shrub
layer was 2.98 and tree layer was 3.12 at Sagma which was the maximum among forests. The concentrations of
dominance value were high for herb and shrub layer in Bhaunne forest, and it was maximum for the tree layer in Adheri
forest. The forest species composition were significantly different (p < 0.001) among each other. Total basal area of
shrub layer and tree layer recorded were maximum (111.52 m? ha'! and 612.08 m? ha'!) in Sagma and Adheri forest,
respectively. The number of trees decreased with increasing elevation, while shrubs increased, and herbs showed a U-
shaped trend. The dominant tree species were Senegalia catechu, Shorea robusta, Terminalia alata, and Schima wallichii
in Bhaunne, Raja-Rani, Murchungi, and Sagma forest, respectively, with Shorea robusta being dominant in Adheri

forest. These findings have important implications for forest management and conservation efforts in the region.
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Introduction

The structure and biodiversity of forests along elevational
gradients in Eastern Nepal hold immense significance for
understanding and conserving terrestrial ecosystems!'.
Forests are characterized by their complex assemblage of
plant species. Plant species play a crucial role in
maintaining the overall biodiversity and ensuring the
stability and functionality of ecosystems® 3. The study of
forest structure and biodiversity patterns along elevational
gradients provides valuable insights into the organization,
composition, and dynamics of these ecosystems, offering a
foundation for effective conservation and management

strategies®.

Forest structure encompasses the physical characteristics
and arrangement of trees and other vegetation components
within a forest ecosystem. It includes elements such as tree
density, canopy cover, tree size distribution, and vertical
stratification. The structural attributes of forests influences
ecological processes, habitat availability, and ecosystem
functioning.’> By examining forest structure, researchers
can gain insights into the resilience and adaptability of
forests to changing environmental conditions, as well as
their ability to provide ecosystem services such as carbon
sequestration, soil stabilization, and water regulation®7%,

Biodiversity patterns, on the other hand, capture the

distribution and abundance of plant species across
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different elevations”. Elevational gradients in Eastern
Nepal exhibit significant variations in climatic conditions,
including temperature, rainfall, and soil properties. These
gradients create distinct ecological niches and vegetation
zones, resulting in diverse forest ecosystems. The study of
biodiversity patterns along elevational gradients helps to
elucidate the relationship between environmental factors
and the distribution patterns of plant species, providing
critical information for understanding ecosystem dynamics
and guiding conservation efforts'®!!.

Eastern Nepal, with its diverse topography and climatic
conditions, presents a unique opportunity to investigate
forest structure and biodiversity patterns along elevational
gradients’. The region encompasses a range of forest
types, including tropical lowland forests, subtropical
forests, temperate forests, and subalpine forests, each

elevational 131415

associated with  specific ranges
However, these forests face numerous threats, including
deforestation, habitat degradation, climate change
impacts'® etc. Therefore, it is essential to study the
structure and biodiversity of these forests to guide
conservation efforts, promote sustainable forest
management, and ensure the long-term survival of these
valuable ecosystems and human.

Species diversity is an important index in community
ecology!”. This research aims to comprehensively examine
the forest structure and biodiversity patterns along
elevational gradients in Eastern Nepal. The specific
objectives of this research were: 1) to determine the plant
community composition pattern among different forests,
and 2) to know their taxonomic diversity.

By gaining a comprehensive understanding of forest
structure and biodiversity patterns in Eastern Nepal, this
research will contribute to the broader knowledge of forest
ecology and provide valuable insights for conservation
planning and management. The findings will help identify
key conservation priorities, develop effective strategies for
sustainable forest management, and contribute to the
broader scientific understanding of forest dynamics and
ecosystem functioning. Ultimately, this research holds

significant implications for both scientific understanding

and practical conservation initiatives in mountainous
regions facing environmental challenges.

Materials and Methods

Study area

This study was conducted in five forests along an
elevation (100-1300 m a.s.l.) in Morang District, east
Nepal (Figure 1). The latitude and longitude of study area
were ranged from 26°39'45.69"N to 26°48"28.68"N and
87°28'2.08"E to 87°28'45.06"E respectively. The five
study sites: Bhaunne (B), Raja-Rani (R), Murchungi (M),
Adheri (A) and Sagma (S) included the Belbari-Chisang
Raja-Rani, Akashe, Shat Kanya and Kuwapani community
forests respectively. Among these forest sites, Bhaunne is
located at ward number 10 of Belbari Municipality and
other four sites belonged to ward number-1 of Letang
Municipality.
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Figure 1: Map of the study area.

Climate of the studied forests

Studied area has prevalent monsoon climate with dry
winters and rainy summers. From June through
September, there is significant rainfall. Up to 1000 m
above sea level, there is a hot monsoon climate with hot,
wet summers and mild, warm, dry winters. Mean annual
minimum temperatures ranged from 11°C to 25°C and
mean annual maximum temperature ranged from 21°C to
35°C (Figure 2a). Mean annual rainfall ranged from 64.4
mm to 10630.12 mm (Figures 2a, b). All these forests

were moist tropical forest. The elevation zone between
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100 and 1000 m a.s.l. was commonly described as tropical
zone. The forests were dominated by the tropical species

such as Shorea robusta (Dipterocarpaceae), and

subtropical species associated with the forests are Adina
cordifolia, Careya  arborea, Dillenia  pentagyna,
Terminalia bellirica, Terminalia chebula, Lagerstroemia

parviflora and Dalbergia sissoo’>. The 5™ site, Sagma,
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however, lies above 1000 m above sea level, has a warm
temperate monsoon climate with warm, wet summers and
chilly, dry winters. The maximum annual rainfall (4908.6)
was during July (Figure 2d). Mean annual minimum
temperatures ranged between 7°C to 21°C and mean
annual maximum temperature ranged from 20°C to 29°C

(Figure 2c¢). It is dominated by Schima wallichii.
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Figure 2: Summary of rainfall and temperature of the study area. ‘a’ & ‘b’ are monthly average minimum and maximum temperature and
total rainfall in B, R, M and A forests; ‘c’ & ‘d’ represents average minimum & maximum temperature and rainfall in forest S.

Vegetation

Vegetation Sampling and data collection

Five forests: Baunne, Raja-Rani, Murchungi, Adheri and
Sagma of Morang District, Koshi Province were selected
as the study area. The elevation of these forests were
ranged from 100 - 300 m a.s.1,, 380- 600 m a.s.1., 700- 880
m as.d, 900-1080 m a.s]l and 1100-1300 m a.s.l.
respectively. Data on plant species composition were
collected by setting up 20 m x 20 m sized quadrat for
trees, 5 m x 5 m nested quadrat for shrubs and 1 m x 1 m
nested quadrat for herbs. All trees, shrubs and herb species
rooted inside each of their respective quadrat were
recorded. Density of each plant species and their cover
were recorded. Diameter at breast height (DBH) for all
trees and shrubs inside each quadrat were recorded. Trees

were defined as species having diameter > 10 cm'$.

Similarly, girths at 10 cm above the ground level were
measured for shrubs, whereas, for the herbs, each species
were counted and weighted separately. Oven dried herbs
again weighted to calculate their biomass. Total number of
quadrats sampled were 50 (10 per site or forest). We
measured the elevation and aspects by using a GPS
(Garmin Colorado-300). Plant species occurring inside
each quadrat was counted, tagged, collected for herbarium
preparation and identification. Species not identified in the
field were identified after consulting with experts and
comparing with identified species that were deposited to
the National Herbarium and Plant Laboratories, Godawari,
Lalitpur of Nepal (KATH). Standard literature used for

19,20,21

nomenclature Density and relative density,

frequency and relative frequency, basal area and

Importance Value Index (IVI) of each species for herbs,
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shrubs and tree were calculated in each forest stand by
following Kershaw and Looney?’. Species diversity
parameters like species richness, Shannon Wiener index,
Equitability (evenness), and Simpson index were
determined. Gathered data were analyzed by using
Microsoft Excel and R Core Team 2.

Data analysis

forests

Community composition among five were

analyzed after following Permutational Multivariate
Analysis of Variance using Distance matrices technique
(ADONIS) in vegan package in R?*. Sharing of species in

different niches were analyzed through Venn diagram

Package of R**.
Diversity indices such as Shannon Wiener index,
Equitability (evenness) index, and Simpson index,

frequency, relative frequency, density, relative density,
basal area and relative basal were calculated after using
the standard formula?2.
Nomenclature

This research followed APG-III*® system of plant
taxonomic nomenclature and all latest names were
checked through POWO-2023%1%6,

Results and Discussions

Species diversity

This study found a total of 315 plant species belonging to
82 families across all stands (Table 3). Among these
species, the herbaceous life form made up the greatest
percentage (45%) followed by trees (33%), and shrubs

(22%) (Figure 3).

Figure 3: Percentage of plant habits throughout the
study area
The total species richness was found decreased according

to elevation of these forests. Total richness was found as

142, 126, 121, 121 and 137 species to Bhaunne, Raja-
Rani, Murchungi, Adheri and Sagma forest stands,

respectively (Figure 4).
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Figure 4: Trend of growth forms according to elevation
of the studied forests of Morang district, east Nepal.

The maximum numbers of tree and herbs species were in
Bhaunne, and highest species of shrubs were in Sagma
forest (Table 1). Similarly, number of species was 127,
108, 109, 111 and 123 in B, R, M, A and S respectively
(Table 1). Temperature, rainfall, humidity, soil
characteristics, and other variables all have an impact on
an area's vegetation, which in turn is influenced by
elevation?’. Maximum number of herbs i.e. (87%) among
266 species (201 genera, 71 families were found the study
on vegetation structure and species diversity of Wadi
Turbah Zahran, Albaha area, southwestern Saudi Arabia?®.
Forest composition varied continuously with elevation.
Species richness is inversely proportional to the elevation
gradient. In other word, species richness decreases with

11,29,30,31,32,33 Forest of low

the increase of elevations
elevation are heterogeneous (more diverse) and spatially
more patchy?.

This study found only 51 species unique to Bhaunne
forest; likewise 24, 13, 17 and 44 species unique to Raja-
Rani, Murchungi, Adheri and Sagma forests
correspondingly. There were 21 species common among
all five forests (Figure 5). There were 13 species common
to S and R forests, 6 species present in both B and S
forests, another 6 species were common among S, R and
M forests. Further, 6 species belonged to M and B forests.
Likewise, the number species common to S and A forest
were 12. Seven species were found common to R and A
forests. Seven species were dwelled among three forests:
B, M and R. Five species were common to A and B

forests. Five species were common in A and M forests.
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Four species were common to B, M and A forests,
additionally four species were common among three
forests: A, M and R. On the other hand, 12 species were
encountered common to S, A and M forests, only one
species was common in S and B and another one species
was common among the three forests B, A and R. the
number of species belonged to four forests namely: S, R,
A and M were 13. Eight species were found both in S and
M forests, another eight species were common in R and B
forests. Extra six species were resided in M as well as B
forests. Further, 13 species were common to four forests S,
R, A and M. Two species only were common for A and R
forests and 14 species were present among A, M, and R

forests (Table 3, Figure 5).
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Figure 5: Venn-diagram showing community composition variation

among forest types.

Species diversity and species evenness were also found
decreased from low to high elevation3433.

The present study investigated Shannon Wiener index (H’)
ranged between 2.22 to 3.12 for trees, 2.21 to 2.98 for
shrub, and 3.58 to 3.79 for herb among these investigated
forest stands. The value of concentration of dominance
(Cd) depends on the species richness and its lower values
are associated with high species richness®®. Index of
dominance or concentration of dominance (cd) value
ranged between 0.03 to 0.92 in herb layers, 0.08 to 0.19 in
shrub layers and 0.08 to 0.46 in tree layers (Table 2).

The species evenness or equitability value in this study
were found ranged between 0.09 to 1.93, 0.72 to 0.8, and

0.59 to 0.88 for herbs, shrubs, and trees respectively.

Margalef diversity index or species richness were ranged
between 14.81 to 19.3 for herbs, 2.09 to 3.86 for shrubs,
and 5.94 to 8.48 for tree layer (Table 2). Density showed
positive relationship with species richness and Shannon
Wiener diversity index'!*!.

The tree stand density was maximum i.e, 985 individuals
ha! in Adheri forest and minimum in Sagma (602.5
individual ha'") forest. The tree density and tree basal area
were found decreased with increase of elevation in a study
done in Manang?!, which is contrast to present study. The
highest herbs density was observed in Sagma (44.1
individuals ha''), whereas the lowest density was observed
in Raja-Rani (18 individual ha'). These differences may
be differences in climatic conditions.

Similarly, shrub stand density was highest in Sagma
(24400 individual/ha) and lowest in Adheri forest (11320
individual ha!) among the forests (Table 1). According to
study done by Kuma and Shibru, 3 in Ethiopia, Malik and
Bhatt 3® in Badri Kedarnath region of India found
elevation, aspects and slopes caused differences in the
density and basal area, dominance and frequency of the
plant species. There was also a study done in the south
east facing slopes of Parroha community forest in
Rupandehi District by Acharya and Shrestha!®. They found
higher species evenness, Simpson's index of dominance
for all life forms in the south east slope. Alfa diversity for
shrub layer was higher in the south east slope whereas beta
diversity for tree layer was higher in south west slope!®.
Shorea robusta and Schima wallichii association was
found increasing in forests of higher elevation to Adheri as
their association increases with elevation. These findings
also supported by study done by Sharma et al. in the
western Himalayas'. Most of study showed unimodal
trend of life form with elevation such as Bhattarai and
Vetaas'! Gairola *? etc. that is dissimilar of present study.
Family composition of species

The total number of family was 82 recorded by this study
(Table 1). Among them Asteraceae had the maximum
number of species (31 species, 28 genera) followed by
Fabaceae (27 species, 21 genera) and Lamiaceae (24
species, 17 genera); Poaceae (19 species, 15 genera);

Acanthaceae (13 species, 9 genera) and Rubiaceae (13
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species, 12 genera) and so on. Studies such as Rawat®

done in East Himalaya, Tegene and Gamo* done in
Ethiopia found Myrsinaceae and Rubiaceac were the
dominant families with the highest number of species.
Based on individuals’ density, Asteraceae contributed 744
in this study area followed by Lamiaceae, 638 individuals
and Dipterocarpaceae, 544 individuals (Table 3). The
numbers of families were 54 in B, 55in R, 50 in M and S,
and 52 in A (Tablel). According to Dangol 2005%!, among
the angiosperms, Fabaceae was the largest families in a
study done in western Chitwan, which supports our
present findings.

Basal area and Importance value index

The basal area of shrubs in the study area found ranging
from 36.57 m? ha'! (Bhaunne) to 111.52 m? ha! (Sagma)
and the basal area of trees ranging from 343.53 m? ha’!
(Sagma) to 612.08 m?> ha’"> (Murchungi) (Table 1). The
important value index of herbs varied from 1.54
(Ageratum conyzoides) to 25.02 (Oplismenus compositus),
1.94 (Colocasia esculenta) to 20.07 (Koenigia mollis),
1.94 (Digitaria ciliaris) to 18.64 (Imperata cylindrica),
1.83 (Globba clarkei) to 27.52 (Elsholtzia blanda) and 1
(Curculigo orchioides) to 19.25 (Imperata cylindrica) in
B, R, M, A and S respectively.

The importance value index of shrubs found in this study

ranged from 1.47 (Cyathula prostrata) to 56.43
(Clerodrendrum infortunatum), 1.58 (Uncaria
sessilifructus) to  60.81  (Maesa  chisia), 2.28

(Clerodendrum serratum) to 30.22 (Maesa chisia), 1.39
(Ototropis conferta) to 68.74 (Maesa macrophylla) and
0.83 (Flacourtia jangomas) to 57.26 (Maesa macrophylla)
in B, R, M, A and S forest respectively (Table 3).
Likewise, the important value index value of trees was
found to be ranged from 0.82 (Cornus oblonga) to 65.93
(Senegalia catechu), 0.97 (Cornus oblonga) to 81.81
(Shorea robusta) are similar to a study done by Pardi*?,
1.15 (Dillenia pentagyna) to 62.28 (Terminalia alata) and
1.05 (Oroxylum indicum) to 134.78 (Shorea robusta)
similar in a study done by Napit in Banke* and 1.18
(Albizia procera) to 69.08 (Schima wallichii) in B, R, M,
A and S forests of this study respectively (Table 3).

Similar to the result of the present study, Varghese and

Balasubramanyan** found their forests were also mainly
dominated by Shorea robusta and Terminalia alata as
upper canopy and the extent of dominance of tree species
was different considerably in the Tarai forest Shorea
robusta and Shorea-Terminalia forest at the south-western
part of the Bardia National Park, Nepal. Differences in
vegetation composition, and basal area may be because of
disturbance as found by Giri et al.>, the local extinction
and immigration of species that is found in tropical forest
as done by Bhatt and Khanal*’. The lower values of basal
area may be the result of anthropogenic disruptions as

many authors agreed such as - , since the forests
are closer to human settlement that may lower values of
basal area may be the result of anthropogenic disruptions
which matches the result with Feroz, Mamun, and Kabir

46

Human-caused disturbances such as

logging,
unrestricted grazing, lopping for firewood and fodder, and
litter clearance have a significant negative impact on the
forest as Chandra, Malik, Pandey and Bhatt 434, Pardi et
al.*? found Shorea forest was the dominant tree species at
the lower elevation. This result was different from present
study.

Community composition variation after analysis of
similarity (ANOSIM) showed that community structure
was significantly different among 5 different forests. An
ANOSIM result showed the value of R = 0.805 and p =

0.001. This indicated statistical significant difference in

community composition among five forests (Figure 6).
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Figure: 6. Change in community composition with forest type in the

study area.
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According to Jha'’, diversification among different vegetation types which in turn make impact on the
communities might be due to different environment factors ~ community structure. This view has also been supported
such human disturbances, extensive grazing, invasive by similar studies such as Malik and Bhatt’! , Shahid>? and

species and soil erosion resulting in fragmentation of  Joshi etc.

Table 1: Total values of phytosociological attribute of forests located at different elevation in Morang district, eastern Nepal.

Parameters Forest stands

Bhaunne Rajarani Murchungi Adheri Sagma

Number of species

Herbs 62 50 45 47 58
Shrubs 21 25 28 31 40
Trees 59 51 48 43 39
Total Species 142 126 121 121 137
Density
Herbs (ind.m ?) 23.6 18 19.5 20.5 44.1
Shrubs (ind. ha ') 14000 11720 14240 11320 24400
Trees (ind.ha ) 935 950 775 985 602.5
Number of families 54 55 50 52 50
Number of genera 127 108 109 111 123
Basal area of shrubs (m? ha'') 36.57 57.86 55.05 60.60 111.52
Basal area of Trees (m? ha'!) 543.09 439.82 612.08 501.04 343.53

Table 2: Diversity indices of forests located at different elevation in Morang district, eastern Nepal

Components

Species richness (d) Bhaunne Raja-Rani  Murchungi Adheri Sagma
Herbs 19.3 16.95 14.81 15.23 15.05
Shrubs 2.09 2.56 2.82 3.21 3.86
Trees 8.48 7.28 7.06 6.11 5.94

Equitability/ Simpson's evenness (¢)

Herbs 0.92 1.84 1.87 0.93 0.92
Shrubs 0.72 0.78 0.85 0.84 0.8
Trees 0.76 0.72 0.72 0.59 0.88

Index of dominance (cd)

Herbs 0.92 0.06 0.03 0.04 0.03
Shrubs 0.19 0.13 0.08 0.08 0.1
Trees 0.12 0.11 0.16 0.46 0.08

Shannon-Wiener index (H")

Herbs 379  3.67 3.65 3.58 3.78
Shrubs 22 2.45 291 2.9 2.98
Trees 3.08 285 2.77 2.22 3.12
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Conclusions

Understanding the distribution of species along the forests
at different elevation, it is essential for the conservation of
biodiversity and prioritizing areas for conservation
planning. The present study was carried out to assess the
variation in community structure, composition and
diversity of plant species along different forests. It
supported the ‘U shaped’ species richness pattern wherein
higher number of species are 142 reported at lower
elevation i.e, at Bhaunne forest. The results indicated that
Sagma is the most favorable region for growth of shrub
species and least favorable for tree species. Herb also
showed U shaped pattern among the forests, while tree
species was in decreasing order and shrub species was in
increasing pattern along the forest at high elevations. Thus,
we can say that more diverse plant communities exist at
studied forests. The present study assists the policymakers
in developing the sound strategies for conservation and
sustainable management of ecosystem. The stakeholders
such as Ministry of Forests, Departments, University,
Province level ministry, Forest Division and local

community forest user and other related

group,
organizations might plan approaches for regeneration and
sustainable forest management together with conservation
actions of plant species.

The present study revealed that Bhaunne forest is having
the highest species richness for herbs and tree species,
Shannon’s diversity and commonness of species. The
number of species across forests (alpha diversity) did not
vary greatly, but species composition among forests
differed appreciably resulting into a fair compositional
heterogeneity (beta diversity). The presence of Asteraceae
with 31 species, 28 genera was remarkable. A pattern of
mixed dominance of trees 65.93 (Senegalia catechu),
81.81 (Shorea robusta), 62.28 (Terminalia alata), 134.78
(Shorea robusta) and 69.08 (Schima wallichii) in B, R, M,
A and S forest respectively was noteworthy.

The density of herbs and shrubs was maximum in Sagma
forests and density of tree was high in Adheri forests. The
value of basal area of shrubs and trees was considerably

high in Sagma and Murchungi forests.
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