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Abstract

Forest biodiversity is increasingly threatened as a result of human being, and to discourage its loss, urgent need to apply
all the possible measures has been realized. Study of species richness has great importance to support in the conservation,
resource management and sustainable development planning. However, its data deficiency and resulting unclear
relationship among area, flora and fauna are major concerns. The purpose of this study was to study incorporation status
of species richness into operational plans, and to identify relationships among area, flora and fauna through assessing
species richness in the community forests of different geographical regions of Nepal. We observed trivial number of species
mentioning in operational plans than they really existed. Furthermore, there was weak positive correlation between size of
the area and species richness and we found comparatively good species richness even in the community forests with
smaller areas. Similarly, the correlation between flora and fauna was moderately positive and we observed the number of
flora greater than the number of fauna in most of the community forests of terai/siwalik and hill but fauna was higher in
mid-mountain. Besides this, overall species richness was found to be highest in terai/siwalik and the least in mid-mountain.

Keywords: Community forests, participatory method, flora-fauna relationship, species-richness assessment.

Introduction

Significance and value of biodiversity for human being is
always higher' . The reason is due to its direct and indirect
connection with human well-being, including the access to
water and basic raw materials for a satisfactory life, and security
in the face of environmental change, through its effects on the
ecosystem processes that lie at the core of the Earth's most vital
life support systems’. Despite this fact, currently, forest
biodiversity is increasingly threatened globally because of
activities linked to human beings and as a result, many species
are endangered and many are in the verge of extinction®”.
Therefore, measures to discourage its losses are urgently
needed™® %,

The need of biodiversity assessment has thus been realized to
support in the conservation and management of biodiversity™"
> 'So that, its importance has been stressed in many
international conventions and agreements™®. It addresses the
inquiries concerning three overarching characteristics of
biodiversity which describe structure, composition and function
and provide short of information to decision makers that
facilitate more effective land use planning and management of
biodiversity and associated resources'’ ™. Several methods have
been developed with specific purpose and applied for the
assessment of biodiversity?®. Furthermore, study on species
richness is one which is very important part of biodiversity
assessment.
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The term, “species richness” which was first coined by
Mclntosh refers to the number of different species present in a
given ecosystem, region or particular area”. It is related to
species diversity, but they are not the same thing; richness does
not take the proportional abundances into account, while species
diversity does***, Knowledge about species richness in
particular ecosystem or area is essential because it is an
important index when thinking about conservation of a given
habitat. An accurate species richness index can help determine
what conservation measures need to be taken to provide a
habitat where species can survive and thrive?*?°. Therefore, this
fact clearly indicates that the study of species richness in
community forestry of Nepal is crucial since it covers
remarkable percentage of the land area and links to the millions
of households ensuring their active participation in
conservation, management and utilization of forest resources to
support in their subsistence. But unfortunately, the study made
by many authors indicates that assessment of species richness
in community forestry is lacking; and due to this data
deficiency, the relationship among area, flora and fauna is
unclear which is imperative to know for the better conservation,
management and utilization of the resources” *°. The main
purpose of this study was to assess floral (herb/shrub, tree,
climber) and faunal (mammal, reptile, bird, insect and water
animal) species richness in the community forests of different
geographical regions (terai/siwalik, hill and mid mountain) and
find the connection between the size of the area and species
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richness, flora and fauna, and the feature of species richness in
different geographical regions.

Methodology

Study sites: Nepal is situated on the southern slopes of the
central Himalayas occupying a total area of 147,516km?. The
country is roughly a rectangular piece of land and located
between latitudes 26°22' and 30°27' N and longitudes 80°40' and
88°12' E. Its average length from east to west is 885 km and the
width varies from 145km to 241km, with a mean of 193km
north to south. Hills and high mountains represent about 86% of
the total land area and the remaining 14% are the flatlands of the
Terai, which are less than 300m in elevation. Altitudinal range
is from some 60m above sea level in the Terai to Mount Everest
(Sagarmatha) at 8,848m, the highest peak of the world.

Total of 18 community forests were selected randomly for the
study taking into consideration the three geographical regions
namely, terai/siwalik, hilly region and middle mountain, and
seven provinces of Nepal. From the physiographical aspect, six
community forests were selected from those each geographical
region. Terai occurs at an elevation ranging from 60 to 200m
with tropical climate while Siwalik occurs at an altitudinal range
from 200 to 1,500m with tropical and subtropical climate®.
However, the altitudinal range of selected community forests in
terai/siwalik were between 100m and 1000m therefore, it
represented tropical climate forest type®. Similarly, the
community forests of hilly region were situated at an altitude
from 1000m to 2000m and represented forest of subtropical-
lower temperate climate. The community forests of middle-
mountain were between the altitudinal range of 2000m to 3000
m and represented lower temperate-upper temperate climate®?.
Besides this, out of total selected community forests, 5 were
from province 1. Province 6 (Karnali province) and province 7
(Sudur paschim province) represented 2 community forests
each. Similarly, province 2 and province 4 (Gandaki province)
had one community forest each. Furthermore, province 3
(Bagmati province) and province 5, represented 3 and 4
community forests respectively. The detail of the selected
community forests is illustrated in Table-1 and Figure-1.

Table-1: Selected community forests for the study.
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We selected those community forests as a sample sites to
represent the range of variation in forest environment.

Primary data collection: Users group meeting: Rural
indigenous people bear great knowledge about flora and fauna,
including their identification and ecology®***. Furthermore,
declining funding for taxonomy, enormity of the extinction
crisis, limited time, and good knowledge of biodiversity
resources to forest users has forced to apply participatory
method for the biodiversity inventory and assessment’®.
Therefore, rapid species richness assessment was carried out
through participatory approach since it was verified and
suggested by Arances et al.*® and Jinxiu et al*’. The study was
carried out in 2019. Approximately, 35-40 forest users of the
respective community forest were invited taking into
consideration the economic status, religion, gender, age,
education, culture and cast to ensure the equal representation of
all groups including elderly people, women, excluded groups or
other disadvantaged groups in discussion. They were the fully or
partially forest dependent for their subsistence and had different
level of knowledge about their forest biodiversity. In addition,
we also invited forest executive committee members of
respective community forest along with forest technicians from
the nearby range forest office to secure all needed information
and their verification. We presumed most of the forest users
unfamiliar with the terms, “species richness”. Therefore, they
were sensitized before the assessment.

Assessment of species richness: We developed simple format
for the biodiversity assessment (Table-2). Following the format,
we asked participants to mention the name of each species
which they had seen into their community forest within past 5
years. For this, first, they remembered and expressed the species
of one category only, for example, mammal. Once all the
participants didn’t able to remember any further name of
mammal, we shifted to next category such as reptile and so on.
From this way, we collected all the mentioned name of
herb/shrub, tree, climber under flora and mammal, reptile, bird,
insect and water animal under fauna which were existed in
selected community forests.

Tarai/Siwalik Region Hilly Region Middle- mountain Region
Radha Krishna buffer zone community | Dumri  Thumka  community  forest, | Ramite community forest,
forest, Bara Udayapur Okhaldhunga
Namuna buffer zone community forest, | Naudhara community forest, Godawari, | Andheri community forest,
Nawalpur Lalitpur Okhaldhunga
Bandevi community forest, Kailali I\G/Ijlr:]ri\ga jhakrebhir  community forest, ngﬁ Buffer Zone community forest,

Lathuwa community forest, Kailali

Godawari kunda community forest, Lalitpur

Ratamata Choti Khada buffer zone
community forest, Mugu

Bhotedaha community forest, Dang

Kafalgaira community forest, Gulmi

Mahabir community forest, Dolakha

Himali community forest, Dharan,
Sunsari

Palpa

Andheri Chharchhare community forest,

Thumki Baisakhe community forest,
Sankhuwashava
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Figure-1: Selected community forests for the study.

Field Observation; Field observations were carried out with
forest technicians/experts and community forest executive
committee members to identify and collect the sample of any
confused flora regarding their existence. The samples of all the
confused floral species were further conformed and verified
from the online data base (https://plantdatabase.kath.gov.np/
and  http://www.floraofnepal.org/onlineflora) of  national
herbarium and plant laboratories, Phulchoki.

Secondary data collection: We collected 500 community forest
operational plans randomly from the different geographic
regions to study the incorporation status of species richness into
those documents. Similarly, general idea about species richness
of selected 18 community forests was also obtained from their
operational plan, published and unpublished documents. For
those documents, we consulted with respective community
forest and related range forest offices. We also collected desired
data from those organizations who worked in respective
community forests currently or previously. In addition, different
publications and journal articles related to the assessment of
species richness from nearby areas and other regions were
consulted as secondary information. Those secondary data were
taken into account to verify assessed species richness.

Data analysis: We employed quantitative data for the study.

We used Pearson product-moment correlation coefficient to
study relationship among forest area, flora and fauna®**. All the
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quantitative data analysis was carried out with the use of
Microsoft Excel.

Results and discussion

Rapid species richness assessment through participatory
method: The number of total species (flora and fauna) that we
recorded from the 18 different community forests using
participatory method (Table-3) ranged between 76 and 291
where, minimum number of species was recorded in Ratamata
chotikhada buffer zone community forest, Mugu and maximum
number of species in Lathuwa community forest, Kailali.

On the other hand, the operational plan of 500 community
forests, which included the operational plans of 18 selected
community forests, were studied very carefully and found that
no community forest operational plan recorded more than 30
species of flora and fauna both in combine (Table-2). In
addition, all the operational plans had mentioned herb/shrub and
tree species however; the climber species was mentioned in
almost negligible operational plans. Similarly, no operational
plan contained more than 10 herb/shrub species and more than
15 tree species. Furthermore, mammal and bird were mentioned
in all the operational plans whereas, reptile, insect and water
animal were mentioned by 471, 52 and 13 operational plans
respectively. Besides this, no operational plan contained more
than 5 species of reptile, insect and water animal, 10 species of
mammal and 15 species of birds.


https://plantdatabase.kath.gov.np/
http://www.floraofnepal.org/onlineflora
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Table-2: Number of community forests those included different categories of species into their operational plans.

Number of community forests those included different categories of species into their operational plans
Biodiversity
1-5 6-10 11-15 Total
Flora
Herb/Shrub 372 128 0 500
Tree 46 313 141 500
Climber 17 0 0 17
Fauna
Mammal 344 156 0 500
Bird 197 299 4 500
Reptile 471 0 0 471
Insects 52 0 0 52
Water animal 13 0 0 13

This result clearly indicates that operational plan of community
forests mention the very few or almost negligible names of flora
and fauna. This claim is strongly supported by Thani*® who
observed worse incorporation status of biodiversity and
ecosystem services into community forest operational plan
while studying 100 operational plans of community forests from
the different regions of Nepal. Since, the proper assessment of
species richness can make forest users aware about their natural
capital for the further planning, conservation and management,
it becomes necessary to include it into operational plan. Nepal
National Biodiversity Strategy and Action Plan (NBSAP) 2014-
2020 also supports this view. It has identified 6 thematic areas
and 15 cross cutting themes (MoFSC, 2014) and under which,
one point has been strongly mentioned about community
forestry that by 2020, all community managed forests to
incorporate a biodiversity chapter into their operational plan.
However, no progress has been made on it yet and no clear
methodology has been developed®. Therefore, including species
richness into biodiversity chapter of operational plan might be
meaningful.

Does area matters in species diversity richness?: The
magnitude of correlation coefficient for two variables, area of
different community forests and their plant species richness was
calculated as 0.476967, and the correlation coefficient of area
and faunal species richness was calculated as 0.319001. It
means little bit stronger correlation between area and flora in
comparison with area and fauna however; the overall indication
of these values is weak positive correlation between area and
species richness (both flora and fauna). Similar findings was
obtained by group of Oertli as well while studying different
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ponds and their species diversity®. The result we obtained
explains that the size of the area plays weak role in increase or
decrease of species richness. If this is fact, then how was there
significant difference in species richness among different
community forests (Table-3)? For example, we observed
remarkably good species richness even in the community forests
with smaller areas. Some examples are Lathuwa CF and
Bhotedaha CF in terai/siwalik, Maranga jhakrebhir CF and
Godawari Kunda CF in Hill. The area of which were
remarkably less than the area of many other CFs such as
Radhakrishna CF and Namuna Bufferzone CF in terai/Siwalik
and the Ramite CF in mid mountain but the species richness
were more or less equal to them (Figure-2 and Table-3). So,
there might be certainly many other factors which determine the
increase or decrease of species richness. Many authors have
pointed habitat diversity/heterogeneity as a responsible factor
in increasing or decreasing plant species richness* ™
According to them, habitat diversity/heterogeneity within the
area is important rather than uniform habitat and they believe
that the more the habitat diversity the more the plant species
richness is. This point is found to be applicable in the case of
fauna too. For example, positive effects were found for
insects® >, birds® >3, mammals®**°, amphibians®® and reptiles®’.

However, some studies prove evidence that increase in habitat
heterogeneity may also decrease species richness. This was
shown, e.g. for small forest bottom-dwelling mammals®®, birds™
or butterflies®. Such inconsistency might be as a result of many
different covarying factors in which habitat biodiversity/
heterogenity is dependent. Those factors are environmental
factors and identified as climatic such as temperature, solar
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radiation, humidity, wind® ®; topographic such as altitude,
aspect’’; edaphic such as physical, chemical and organic
properties of soil®® and the biotic such as structure and
composition of flora and fauna, human action/anthropogenic
disturbances®°. Besides this, Tews et al.”* has stressed that the
relationship between habitat heterogeneity of the vegetation and
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animal species diversity generally depend on how habitat
heterogeneity is perceived by the animal guild studied, the
measurement of species diversity, the definition and
measurement of vegetation structure and the temporal and
spatial scale of the study are crucial.

Table-3: Assessment of species richness through participatory method in community forests of different geographical regions.

Species diversity
Name of Total Flora (A) Fauna (B) Tota
community Place area Herb/ Water Total | Total |
forest (Ha) Tree | Climber | Mammal | Bird | Reptile | Insect . A B A+
Shrub animal B
Community forests of Terai/Siwalik region
Radha Bara | 621 55 59 27 24 37 7 40 5 141 | 113 | 254
Krishna
Namuna Naa;’;’sai'p 405 59 64 11 29 37 6 13 9 134 | 94 | 228
Bandevi Kailali | 31251 | 32 70 29 23 40 7 17 4 131 | 91 | 222
Lathuwa | Kailali | 14083 | 61 79 15 31 46 8 23 28 155 | 136 | 201
Bhotedaha | Dang | 136.17 | 44 63 25 15 51 10 16 3 132 | 95 | 227
Himali Dharan | 5348 | 24 40 14 20 35 6 31 10 78 | 102 | 180
Community forests of Hilly region
Dumnri Udayapur | 1839 | 18 | 67 6 14 13 1 6 3 91 | 37 | 128
thumka
Naudhara | Lalitpur | 174 | 28 | 66 3 23 23 3 12 4 97 65 | 162
Maranga Gulmi | 17308 | 23 | 82 5 29 31 7 19 9 110 | 95 | 205
Jhankrebhir
G‘:fj[‘q‘éa“ Lalitpur | 147 | 53 | 85 19 17 31 3 26 7 157 | 84 | 241
Kafalgaira Gulmi | 2307 | 18 | 69 5 28 29 7 20 8 92 92 | 184
Andheri
Chharchtare | PalPa 18 26 | 60 25 14 28 7 14 6 111 | 69 | 180
Community forest of middle-mountain region
Ramite Okhg':h”” 27967 | 15 | 42 10 15 37 11 17 19 67 99 | 166
Andheri Okhg':h”” 109.09 | 11 | 40 9 16 26 11 15 13 60 81 | 141
Jhyari Mugu 7921 | 22 | 34 1 20 18 2 7 2 57 49 | 106
Ratamata
chetiKhada Mugu 4027 | 18 | 22 1 5 20 2 6 2 4 3B | 76
Thumki | Sankhuwas | g 49 | 16 | 4 10 13 37 15 18 20 68 | 103 | 171
Baisakhe hava
Mahabir Dolakha 29 7 31 10 11 16 15 17 8 48 67 | 115

Relationship between flora and fauna: The correlation
coefficient was calculated as 0.555468 for flora and fauna of
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different community forests. This indicates moderately positive
correlation between them. Similar result was obtained by
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Vanbergen et al.®®. The flora and fauna are interrelated in
different ways so the extent of floral diversity is responsible in
increasing or decreasing faunal diversity and vice versa. But
much of the overall diversity depends on plant diversity,
because plants provide both food and habitat for other
organisms’2. Many factors related to habitat diversity/
heterogeneity have been identified that determine whether floral
or faunal diversity is higher in the particular area™. Because of
this reason, we observed the number of floral species higher or
less than faunal species in some areas and sometimes even equal
to faunal species diversity. While studying floral and faunal
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diversity in different community forests, we found the number
of flora greater than the number of fauna in many community
forests. Those community forests were all the community
forests of terai/siwalik except Himali CFs where fauna was
higher than the number of floral species; all the CFs of hill
except kafalgaira where flora and fauna were in equal number;
Jhyari and ratamata CFs of mid-mountain. In mid mountain
remaining CFs, had higher faunal diversity rather than flora. In
others words, floral diversity was higher than faunal diversity in
most of the community forests of terai/siwalik and hill, while it
was lower in mid-mountain (Figure-3).
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Figure-3: Flora and fauna relationship in different community forests.

Species richness in different geographical regions: While
comparing species richness in different geographical regions,
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Terai/Siwalik, Hill and Mid-mountain, we noticed the higher
diversity of herb/shrub and climber species in terai/siwalik in
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comparison with the hill and mid-mountain. However, the hill
was the one which had highest diversity of tree species than
other regions. In addition, all the herb/shrub, tree and climber
species diversity were lowest in mid-mountain. We also found
that the overall floral species richness (herb/shrub, tree, and
climber) was highest in terai/siwalik and the least in mid-
mountain. With regards to fauna, the number of mammals,
birds, and insects were highest in terai/siwalik and the lowest in
mid- mountain except bird which was equal in both hill and
mid-mountain. The numbers of reptiles and water animals were
highest in mid-mountain and lowest in hill. Besides this, the
overall faunal species richness (mammal, bird, reptile, insect
and water animal) was highest in terai/siwalik and lowest in mid
mountain (Table-4).

The data on Table-4 also clearly illustrates that the value of total
average species richness in terai/siwalik, hill and mid-mountain
was 233, 182 and 129 respectively which means the total of
average species richness (flora and fauna) in terai/siwalik was
comparatively higher than in hill, while it was least in middle-
mountain.

Decreasing trend in species richness with increasing elevation
have been observed by many authors”®"®. However, others have
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observed a hump shaped relationship between species richness
and elevation®™ ™. The mechanistic reasons for these patterns
are a matter of ongoing debate®*® and it is not yet known
whether a universal explanation exists®*®. While studying
species richness in three different geographical regions at
different altitudes, 100-1000m, 1000-2000m and 2000-3000m,
this study clearly showed the decreasing pattern of overall
biodiversity both flora and fauna along the altitudinal gradients
(Table-3 and 4). The work of different researchers™""#% also
supports our overall result about pattern of species richness, but
the result made on reptiles by Stevens, G. C.* and Chettri, B.*
does not matches and opposite to this result.

Many factors play role in enhancing species richness. Firstly,
availability of higher water and optimum energy, because they
increase photosynthesis, which leads to higher biological
activities and ultimately an increase in species richness®>%.
Other different mechanisms avoiding competition, such as
spatiotemporal heterogeneity (weaker competitors may find a
more favorable place or time) or environmental stress
(competition is assumed to be less intensive under difficult
conditions)®. Besides this, the species pool is regarded as an
important factor in determining community richness®%.

Table-4: Average number of species richness in different geographical regions.

Average number of recorded species in different geographical regions
Biodiversity
Terai/siwalik Hill Mid-mountain
Flora
Herb/Shrub 46 28 15
Tree 62 71 35
Climber 20 10 7
Total average of flora 128 109 57
Fauna
Mammal 24 21 13
Birds 41 26 26
Reptiles 7 4 9
Insects 23 16 13
Water animal 10 6 11
Total average of fauna 105 73 72
Total average of flora and fauna 233 182 129

Conclusion
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The community forest operational plans do not include the list
of overall existed species richness although the assessment of
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species richness can make forest users aware about their forest
resources for the further better planning, conservation and
management. Since NBSAP has planned to include a
biodiversity chapter in Operational Plan of all the community
forests, including species richness into biodiversity chapter of
operational plan might be meaningful.

The correlation between size of the area and species richness is
positive but weak. However, there is remarkably good species
richness even in the community forests with smaller areas. In
other words, the community forest with smaller size might have
higher species richness than the community forests with bigger
size. Similarly, the correlation between flora and fauna is
moderately positive. Besides this, most of the community
forests in Terai/Siwalik and hill have higher number of flora
than fauna, while the number of flora is less than the number of
fauna in mid-hill.

The higher species richness of herb/shrub and climber was
noticed in terai/siwalik in comparison with the hill and mid-
mountain. However, the hill was the one which had highest
number of tree species than in other regions. In addition, all the
herb/shrub, tree and climber species richness were lowest in
mid-mountain. We also found that the overall floral species
richness was highest in terai/siwalik and the least in mid-
mountain. With regards to fauna, the number of mammals,
birds, and insects were highest in terai/siwalik and the lowest in
mid- mountain except bird which was equal in both hill and
mid-mountain. The numbers of reptiles and water animals were
highest in mid-mountain and lowest in hill. Besides this, the
overall faunal species richness was highest in terai/siwalik and
lowest in mid mountain. Furthermore, the total of average
species richness (flora and fauna) in terai/siwalik was
comparatively higher than in hill, while it was least in middle-
mountain.
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