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CHAPTER - I 

INTRODUCTION 

There is the close relation between human society and natural resources since the ages. The 

human society is interlinked physically, psychologically, and spiritually with the plants and 

animals. Thus, biodiversity have significant role to the local people living close to nature. 

Belief systems, religions and myths of the Indian sub-continent emphasize conservation and 

wise uses of natural resources because of the people are living within a fixed resource base. 

To reduce the destruction and rapid consumption of natural resources and to control over the 

other groups of people, property rights related to the resources utilization is in practice. The 

access, withdrawal, management, exclusion and alienation are the basic rights which direct 

the utilization of the natural resources. The indigenous people are living in natural harmony 

with wise use of the available resources (Primack, 2002). 

 

Sustainable utilization of natural resources is guided from the two schools of thoughts. The 

anthropocentric thought for utilization nature resource emphasizes to convert nature to wealth 

for the betterment of human being (Nash, 1990). However, the eco-centric thought 

emphasizes to conserve the available resources without proper usage of materials. The 

anthropocentric view led to exploitation of nature because it allows the use of available 

resources without any restriction. The eco-centric perspective is more protection oriented and 

does not allow the use of the available resources. So, there need to be the balance between 

these two views for the long term utilization of the natural resources for human welfare. 

 

Forests have vital role to prevent soil erosion, provide water for irrigation and drinking, food 

and maintain wood supply. Besides these they also have role in the climate regulation. Forest 

management by professional forester was widely adopted during 1950s and the wildlife 

protection started during 1970s (Primack, 2002). The concept about wise use of natural 

resources linked with fair distribution among present consumption and between present and 

future consumer arise after the World Commission on the Environment and Development 

(1987). This concept emphasized the efficient use of natural resources without compromising 

the need of the future generation. The major threat to the survival of endangered species 

worldwide is the destruction of their habitat due to over exploitation of available natural 

resources. The people responsible are either unaware of other options or have no other 
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choices for their own immediate survival, or are not aware about the importance of natural 

ecosystems in maintaining the quality of their own lives over the long term. 

 

Proper conservation of habitat requires work on all aspects of the problem. Those incorporate 

biological research to understand the species involved and their interrelationships, 

implementing long-term management and protection actions for the habitat and key 

individual species involved and gathering support for the action oriented program for those 

causing the destruction. Support from the local people is essential part and no amount of 

biological research or protective efforts will result in long-term conservation of either habitat 

or individual species without the public support. Public support can be gained either by 

providing economic alternatives that are compatible with the maintenance of the natural 

ecosystem or through awareness programs targeting the groups that determine how the 

ecosystem is used (Dietz and Nagagata, 2003). 

 

The biological resources are renewable, and with proper management can support human 

needs indefinitely. These resources, and the diversity of the system which support them, are 

therefore the essential foundation of sustainable development. Conservation areas in the 

tropics are receiving increasing world attention. This interest has led to a marked increase in 

ecotourism to these areas. The market force also determines the long term utilization of the 

natural resources of particular area. 

 

Forests play a key role in climate change, both sinks and sources of carbon dioxide. It has 

been estimated that deforestation and forest degradation contribute up to 20 percent of global 

emissions of carbon dioxide annually (Acharya et. al, 2009) and that standing forests 

sequester about 20 percent of global carbon dioxide emissions. Forests provide a more cost-

effective means of reducing global carbon dioxide emissions than other sectors. If incentives 

could be provided to curb the deforestation and forest degradation plaguing many tropical 

countries, then forests could have a net positive impact on carbon sequestration and thereby 

contribute substantially to mitigating climate change. 

 

Nepal is situated on the southern slopes of the central Himalayas and occupies a total area 

147,181km2. The country is located between latitudes 26º22' and 30º27' N and longitudes 

80º40' and 88º12' E.The average width of the country is 885km from east to west and the 

length varies from 145km to 241km with a mean of 193km north to south. Hills and high 
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mountains cover about 86% of the total land area and the remaining 14% are the flatlands of 

the Tarai, which are less than 300m in elevation. Altitude varies from some 60m above sea 

level at Kechanakalan in the eastern Tarai to Mount Everest (Sagarmatha) at 8,848m, the 

highest point in the world. It has therefore, incorporated different habitats within the short 

horizontal distance resulting high biological diversity. It has five physiographic regions 

namely Tarai, Churiya (Siwalik), mid hill, high mountain and high himal. Nepal�s 

biodiversity (floral and faunal species) is a reflection of its unique geographic position, 

altitudinal, and climatic variations. Nepal�s location in the central portion of the Himalayas 

places it in the transitional zone between the eastern and western Himalayas. It incorporates 

the Palaearctic and the Indo-Malayan biogeographical regions and the major floristic 

provinces of Asia (the Sino-Japanese, Indian, western and central Asiatic, Southeast Asiatic, 

and African Indian desert) creating a unique and rich terrestrial biodiversity (Chalise 2013). 

Forests are also inextricably linked to the livelihoods of Nepali people. Thus, forest also plays 

a vital role in reducing the incidence of poverty, bolstering local livelihoods, and supporting 

other co-benefits like biodiversity conservation and ecosystem services (Giri, 1996).. 

 

Resource degradation has exceeded after the nationalization of private forest in Nepal (1957) 

mostly due to the unstable government and lack of proper institution for conservation. Later 

the conservation activities were institutionalized in the form of forest law (1956) and 

protected area law (1973). Thereafter several NGOs/INGOs, like King Mahendra Trust for 

Nature Conservation, World Wildlife Fund, USAID, etc. were also established, and 

undertaken the studies in the field of conservation of the natural resources. It was experienced 

that conservation activities were not so effective outside the Protected Areas, because it is 

still considered as common property. Therefore the law enforcement agency in the protected 

areas and the local communities in conservation areas worked together and showed the 

positive impact on resource conservation. By realizing the fact, buffer-zone concept arose as 

a new approach for protected area management (KMTNC, 1998). 

 

The lowland (subtropical) region of Nepal was known for valuable Natural Resources like 

Sal (Shorea robusta), provide valuable timber, one horned rhinoceros (Rhinoceros unicornis), 

Bengal tiger (Panthera tigris) and so on. Similarly, the riverine and subtropical forest in flood 

plain was very rich from biodiversity point of view. The density and population of flora and 

fauna has been decreasing outside the protected areas. The temperate mid-hill of this country 

has consisted different useful plants with variety of wildlife. These resources were also used 
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unauthorized to fulfill the local demand (Bhatt, 1977). Therefore arrangement between the 

institution and the involvement of local stakeholder was formalized for conservation of 

natural resource in the community forest. This arrangement played a vital role for 

conservation, grazing pressure slow down and illegal collection of fuel wood and fodder and 

hunting was totally controlled. 

 

The management of the forest in Nepal is under the jurisdiction of Ministry of Forest and Soil 

Conservation (MoFSC). The five departments, namely Department of National Parks and 

Wildlife Conservation (DNPWC), Department of Forest, Department of Forest Research and 

Survey, Department of Soil Conservation and Watershed Management and Department of 

Plant Resources are working under this Ministry. Management of forest areas are within the 

jurisdiction of the Department of Forest (DoF) and Department of National Parks and 

Wildlife Conservation. Protected areas like national parks, wildlife reserves, hunting reserve, 

conservation areas and buffer zone are under the jurisdiction of the DNPWC. The rest of the 

forest areas known as government forest are under the jurisdiction of the DoF. 

 

Current forest management regimes in Nepal incorporated eleven different types. They are 

private forest, government managed forest, protected forest, buffer zone forest, buffer zone 

community forest, conservation area, community forest, religious forest, collaborative forest, 

leasehold forest, and public land forest. The management responsibilities of protected forest, 

buffer zone forest, buffer zone community forest and conservation area are under DNPWC. 

Similarly, the management responsibility of private forest, government managed forest, 

community forest, religious forest, collaborative forest, leasehold forest and public land forest 

is under the DoF (FRA, 2011). 

 

The buffer zone is legalized from the Government of Nepal in 1995 by subsequent 

amendments in National Parks and Wildlife Conservation Act (1973) and formulated a 

legislation called as Buffer Zone Regulations. This regulation added some provisions in 

Wildlife Conservation Act 1973 to incorporate local people for protected area management. 

As per the legal instrument, the buffer zone is defined as the area surrounding a national park 

or a reserve encompassing forests, agricultural lands, settlements, villages, open spaces and 

many other land use forms (KMTNC, 1998). 
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Any areas around the protected areas can be declared as buffer zone by the government of 

Nepal. The management approach of buffer zone is the participatory. Operational institutions 

for the buffer zone management are buffer zone council formed from the local community 

around the buffer zone and respective protected areas. The Act provides that the 30-50 

percent of revenues generated by the park or reserve to be retained for community 

development inside buffer zone areas. All the forest areas inside the declared buffer zone are 

known as buffer zone forests. The management responsibility of the buffer zone forest can be 

handed over to the local community on the basis of the approved legislation and work plan 

from the respective national park or reserve. These forest areas whose management 

responsibility is handed over to the local community are called as buffer zone community 

forests (KMTNC, 1998). 

 

Pioneer step for biodiversity conservation was started with the establishment of rhino 

sanctuary and enactment of Wildlife Conservation Act (1958). A special unit called rhino 

patrol was established after a few years of formulation of the act to protect rhino (KMTNC, 

1998). After the 22 years of conservation efforts in BBZCF, a sizable forest area was created 

and some endangered flagship species like Asian one horned rhinoceros were re-colonized. 

Then wildlife tourism was started in 1995 and the community has been earning more than 

US$ 50,000 per annum through eco-tourism. This forest is a part of the Buffer Zone of 

Chitwan National Park (CNP). The forest became outstanding in current conservation 

modalities due to: 1) first community forest which started eco-tourism, 2) less dependency on 

revenue generated from forest products selling, and 3) consists of area with sub-tropical 

forest. Conservation efforts have brought measurable ecological and socio-economic 

changes. 

 

The study tried to analyze the ecological impacts on the structure and function of forest after 

involvement of local community in management of Baghmara Buffer Zone Community 

Forest (BBZCF). In this study I have tried to analyze the ecological impacts on the structure 

and function of community forest after imposing banned on free grazing and illegal collection 

of forest products in the area. 
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AIMS AND OBJECTIVES 
 

The aim of this study was to assess conservation impact through participatory approach on 

the natural resource management and the benefits to the local people. The study also aims to 

find out the restoration of various wildlife species, habitat types and their current status in the 

area. 

 

The specific objectives set forth of this study are: 

 
 to analyze the different habitat types. 

 to assess status of large mammals population and to compare the populations of pre 

and post management period. 

 to analyze the prey structure of carnivores. 

 to quantify the conservation benefits from the community managed forest. 
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CHAPTER - II 

REVIEW OF LITERATURE 

 

The concepts and the policies on the community forestry were started since 1990s (Baral, 

1993, Branney and Dev, 1993, Kanel, 1993, Sharma, 1993, Shrestha, 1993, Shrestha and 

Budhathoki, 1993). During that time main focus of the studies was on local participation for 

community forest management (Acharya and Skarner, 1993, Chhetri et. al, 1993, Kharel, 

1993, Messerschmidt and Hammet, 1993, Niraula, 1993, Pandey et. al, 1993, Pokharel et. al, 

1993), utilization of resources from community forest (Malla, 1993, Paudyal and Aryal, 

1993, Tamrakar, 1993), and planning and capacity development of the users� group (Knisely, 

1993, Nurse et. al, 1993, Baral, 1994).  

 

Later the scope of studies was expanded to understand the impact of policies (Baral, 2002) 

and resource mobilization in community forest (Tamrakar and Sharma, 2002, Pokharel, 

2003). The current practice of the community forest management was still protection oriented 

rather than conservation and sustainable utilization (Acharya, 2001, Khanal, 2002). For the 

effective management of any community forests the sound combination of social, ecological, 

and institutional attributes are needed (Paudel and Pokharel, 2001, Poudel, 2003). The 

process and equipment used for the boundary survey of any community forests were not 

accurate hence the information about the area of the particular forest was not reliable 

(Acharya, 2001a). The tenure system of the community forest land in the hilly region of 

Nepal was appropriate and this system was needed to be implemented in Tarai and Siwalik 

only for verification (Baral, 2002a). The forest and their conservation were also emphasized 

in five year plans of GoN. During the initial phase of those plans (1962) the concept of the 

forest biodiversity conservation was considered only as forest protection. The concept of the 

community involvement for biodiversity conservation was introduced only from fifth five 

year plan (1975) of GoN. Current five year plans incorporated the forest biodiversity as a tool 

of poverty alleviation (Chalise, 2008a). 

 

Users� groups of the community forest had inadequate knowledge to prepare operational 

plans and legislations (Bhattacharya and Basnyat, 2003). The community forest policy 

inadequately addressed the equitable cost and benefit sharing among the users� groups and 

fiscal policy instruments (Maharjan, 2003, Paudel and Weiss, 2010). At the implementation 
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level of community forestry program, the equity issues were inadequately addressed (Sharma, 

2003, Parajuli et. al, 2010). 

 

Nationalization of forest in 1957 accelerated the deforestation and forest degradation in 

Nepal. To reduce the destruction of forest areas Government of Nepal enacted the Forest Act 

in 1961. The questions of land tenure of the forest areas were arisen since 1952 and were 

addressed during 1975. In connection to this, National Forestry Plan (1976) was formulated 

which addressed the needs of people�s participation for forest conservation and recommended 

the transfer of forest resource right to the village Panchayat. The Forest Act (1961) was 

amended and new sets of rules, known as Panchayat Forest and Panchayat Protected Forest 

Rules, were formulated (Baral, 2002, Chalise, 2008a). According to the rules, accessible 

government-owned forest areas could be handed over to the Village Panchayat (currently 

known as Village Development Committee) as community forest. In this legislation, 

community was loosely defined, as Village Panchayat is smallest political unit rather than a 

users� group in real sense (Kanel, 1993). So, the Forest Act 1993 corrected the errors made in 

community forestry legislation (1978) and incorporated lesson learned to hand over the 

government-owned accessible forest areas to the users� groups. 

 

Master plan for forestry sector (1988) provided highest priority to handover accessible 

government-owned but users� managed forest areas to defined users� groups for sustainable 

management of the forest areas (Sharma, 1993). The District Forest Office is the local level 

government body to hand over the forest areas to its users� group and is also responsible to 

provide technical assistance in the management of these forests. The Forest Act was 

formulated in 1993 to apply the recommendation which was amended in 1999. Separate by-

laws (1995), directives (1995), and operation guidelines (2001) were formed to describe the 

exact process of handing over part of the government-owned forests to local communities 

(Kanel, 1993, Sharma, 1993, Maharjan, 2003). 

 

The main emphasis of the community forest is providing environmental, social, and 

economic benefits to the Community Forest Users� Groups (Maharjan, 2003). Community 

forest is the forest area outside the jurisdiction of Protected Area, which is handed over for 

management and utilization to local beneficiaries called as forest users� groups, believing 

they are willing and able to manage them. The institutional arrangement of community forest 

is designed in such a way that the forest users� groups have direct approach with District 
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Forest Office for day to day activities or management (Baral, 1994). Community forest users� 

group need to approve their legislation and operational plan from respective District Forest 

Officers (DFOs) to legalize it as community managed forest. 

 

Establishment of �Rhino sanctuary� in Chitwan was the pioneer step for biodiversity 

conservation in Nepal. The Wildlife Conservation Act (1958) was the first step for the legal 

protection of wildlife (Rijal, 1999, Bhatta and Karki, 2008). The Forest Act (1961) mainly 

focused on the conservation of forest areas. Increasing demands of forest resources and land 

for agriculture extension may also destroy the forest areas with significance important from 

biodiversity point. Realizing these facts Government of Nepal enacted National Parks and 

Wildlife Conservation Act in 1973, replacing the Wildlife Conservation Act 1958. This was 

landmark legislation for the conservation of wildlife in Nepal (Bhatta and Karki, 2008). 

Under the provision of this act, different protected areas (currently covering 23% area of 

Nepal) were created in the country, and Chitwan National Park (932 km2) is the one among 

those areas. 

 

All these protected areas have been located adjacent to the human settlements. Compatible 

land-use patterns are essential to prohibit the protected areas not to become island. So, the 

buffer zone concept was legalized from the fourth amendment of National Parks and Wildlife 

Conservation Act (1973) in 1992 (Paudyal, 2001, Bhatta and Karki, 2008). The buffer zones 

in Nepal could encompass forests, settlements, agricultural land, open spaces, and different 

other land-use categories. Design of the buffer zone will be based on the impact caused from 

protected areas. There is legal provision of plough back 30 � 50 percent of the generated 

revenue from the protected areas to respective buffer zones for the community development. 

 

Buffer zone is divided in different management units as Functional Group (FG), Users� 

Group (UG), Users� Committee (UC), and Buffer Zone Management Committee (BZMC) to 

facilitate the community development activities. The ultimate goal of the buffer zone is to 

reduce the local dependency on the protected areas and conserve biodiversity in buffer zone 

areas (Bhatta and Karki, 2008). The buffer zone community forest is a forest area of the 

buffer zone with the jurisdiction of Protected Area authority, which is handed over for its 

management and sustainable utilization of forest resource to forest users� group (Sharma, 

1999a). 
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After legalization of the buffer zone policy in 1995, studies regarding its implications and 

process were started. They were focused on the revenues distribution (Sharma, 2001) and 

conservation of the buffer zone areas (Paudyal, 2001). Current studies of the buffer zone are 

concentrated on management of the buffer zone areas and conflicts between people and 

wildlife (Hjortsø et. al, 2006, Allendorf et. al, 2007, Gurung et. al, 2008, Thapa, 2010, 

Nyaupane and Poudel, 2011). 

 

The pioneer wildlife study in Nepal was started from Chitwan during 1973. This phase of the 

wildlife research was concentrated on the wild ungulates (Seidensticker, 1976, Eisenberg and 

Seidensticker, 1976). There after research programmes were concentrated mainly on single 

species (Laurie, 1978, Kattel, 1992, Moe, 1994, Støen, 1994, Chalise, 1995, Jnawali, 1995, 

Khadka et. al, 1997, Khatri, 1999, Joshi, 1999, Maskey, 1999, Pokharel, 2002, Yadav, 2002, 

Flagstad et. al, 2012). Very few studies were conducted incorporating different wildlife 

species with their habitats (Dinerstein, 1979a, Dinerstein, 1980, Mishra, 1982, Wegge et. al, 

2009, Karki and Thapa, 2011). Forest habitat analysis was conducted by few researchers in 

Tarai region of Nepal (Dinerstein, 1979, Lehmkuhl et. al, 1988, Lehmkuhl, 1994, Peet, 1994, 

Sharma, 1999). Few wildlife researches were also conducted outside the protected areas in 

lowland Nepal (Chalise, 1995). 

 

Researches regarding the carbon sequestration were previously limited to the biomass and its 

modeling (Poudel et. al, 2011). Very few researches were conducted in Nepal regarding 

carbon pools and analysis of sequestrated carbon (Baskota et. al, 2008, Baral et. al, 2009, 

Khanal et. al, 2010). 

 

The floristic diversity and vegetation communities of Leonard Marsh and Harpers Meadow, 

two peat land complexes of recent origin within the Lake Umbagog National Wildlife Refuge 

in Coos County, New Hampshire, were investigated by Nazaire and Crow (2008). The 

combined vascular floras of Leonard Marsh and Harpers Meadow consisted of 178 species, 

111 of which occurred in both peat lands. Abundance and frequency data from 617 quadrates 

along 35 transects were analyzed by two-way indicator species analysis and resulted in the 

recognition of nine vegetation types. 

 

The analysis of part of the State Park of Ilha Grande (5,594 ha) find out the dense forest 

habitat has a relatively stable status of conservation while the secondary forest, the mangrove 
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and the herbaceous vegetation on rocky outcrops (and their fauna) are categorized as 

vulnerable (Alho et. al, 2002). Area altered by human occupation is considered threatened. 

There is a strong possibility for tourism to become the means in which to achieve economic 

sustainability for conservation. Contradictorily, tourism is also the major threat to local 

biodiversity and its landscape units. Because tourism is not organized and controlled, during 

high season the numbers grow above local capacity, giving rise to a proliferation of hotels, 

guesthouses and camping grounds. The resulting untreated open sewage, random garbage 

disposal and other harmful activities form the major threats to biodiversity. 

 

The review of 60 recent papers on economic valuation of biodiversity and a meta-analysis of 

these studies to determine what factors affect willingness to pay for biodiversity conservation 

was made (Lopez et. al, 2007). The internal variables of the contingent-valuation method and 

anthropomorphic, anthropocentric and scientific factors were analyzed. Funding allocation 

mostly favored the conservation of species with anthropomorphic and anthropocentric 

characteristics instead of considering scientific factors. Contemplate economic valuations of 

biodiversity carefully, considering the inherent biases of the contingent-valuation method and 

the anthropomorphic and anthropocentric factors resulting from the public�s attitude toward 

species were recommended. 

 

The Upper Paraná River floodplain is the last lotic stretch of an ecosystem seriously 

threatened given that circa 50% of the original ecosystem has been converted into reservoirs. 

The annual aggregated Willingness to Pay (WTP) for the recreational value of the Upper 

Paraná River floodplain attributed by tourists was US$ 122.50 million and the variables 

which determine the decision in willingness to pay for the floodplain are: �consider oneself as 

floodplain natural resources consumer� and �marital state�. If the single person considers as a 

consumer of floodplain natural resources, the WTP increases by a multiplicative factor of 

38.8. The value aggregated by the Travel Cost (TC) method was US$ 234 million and 

decreased by zone as the distance increases. Higher income and traveling farther increases the 

travel cost, which is inversely related to annual trip frequency. The total recreational value 

(356.5 million per year) is high and representative since it refers to an environment 

fragmented by dams and with many anthropogenic effects. Therefore, the progressive 

changes on the landscape are a threat to local tourism, since half of the visitors are attracted 

solely by the scenic beauty, thereby overtaking those factors considered more important by 
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public decision makers and managers, such as recreational fishery or boating (Carvalho, 

2007). 

 

The natural ecosystem provides certain goods and services that satisfy human needs depend 

on its environmental dynamics. It was described the availability of functions like goods and 

services controlled and sustained by ecological processes operating in Ecological Station of 

Jataí. The environmental functions identified were grouped in four main categories. To make 

environmental values an integrated factor in planning and decision making it was assessed 

their socio-economic importance in qualitative terms and their monetary value (Santos et. al, 

2001). The combined potential annual return from identified functions of Ecological Station 

of Jataí is at least US$ 708.83 ha/year. In comparison to calculations made for other natural 

ecosystems this is a rather moderate estimate. The Ecological Station of Jataí is poorly 

protected and managed, it too is still threatened by human activity (agriculture) and many 

development plans. Although present day market economics do not recognize the monetary 

value of most environmental functions, such calculations do provide a revealing insight into 

the great socio-economic importance of Ecological Station of Jataí. More awareness of these 

values may provide an important incentive for their preservation and sustainable use. 

 

A world heritage site Kilimanjaro suffers from climatic alterations and undergoing 

socioeconomic upheaval. A strong increase of tourism enhances the risk of introducing alien 

plant species in particular in the upper zones of Kilimanjaro. Based on a complete survey of 

the vegetation of Kilimanjaro, plant communities invaded by Poa annua are determined 

(Hemp, 2008). As with most of the other neophytes on Kilimanjaro, Poa annua invades only 

anthropogenic vegetation but not undisturbed natural vegetation. On a newly opened 

climbing route a rapid invasion (5.6 km in 3 months) was observed, which makes it likely 

that Poa annua spread on Kilimanjaro during the last 30 years in parallel to the increase of 

the climbing tourism. Although Poa annua is still in the stage of propagation, an invasion of 

natural vegetation types seems to be unlikely. 

 

Community Forestry in Cambodia has been implemented since the mid-1990s. The main 

objective of programme is to improve the livelihood of local people by improving the forest 

condition through the participation of local people. Forests provide non-timber forest 

products (NTFPs) and timber products to the villagers for subsistence needs and economic 
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benefit. The present forest conditions do not allow villagers to harvest a large amount of 

timber in excess of the local demand that could be sold in the markets (Dangal et. al, 2004). 

 

The occurrence of Puma concolor (Cougar) can be confirmed by detecting indirect evidence 

(i.e., tracks, urine markers). However, determining the number of pumas responsible for 

creating this sign is problematic. Pumas were counted conducted by categorizing physical 

evidence (sign). Three rules were used to distinguish individuals. (1) Gender was determined 

by track size or stride length; (2) time (freshness) was determined by known events within the 

past 24 hours, such as wind or rain; and (3) distance between individual track sets was used 

as an exclusionary tool to avoid over-counting (McBride et. al, 2008). 

 

Itatiaia National Park and its surroundings present a unique fauna due to different forest 

formations with well-defined climatic and vegetation bands. The Itatiaia massif has four 

vegetation types that follow an altitudinal gradient: lower montane forest, montane forest, 

upper montane forest, and Campos de Altitude. Aiming to report on nonviolent mammal 

species known to occur in Itatiaia National Park and its surroundings and to determine if their 

distributional pattern is related to elevation assessment was conducted (Geise et. al, 2004). 

Sixty-nine mammal species were reported for the Itatiaia massif, belonging to seven orders 

and 20 families. Of these, 33 species (47.8%) are included in the official list of threatened or 

believed-to be threatened species in Rio de Janeiro State. The orders Rodentia, Carnivora, 

and Didelphimorphia had the highest species richness, with 25, 14, and 13 species 

respectively. When species were grouped according to the vegetation, 16 species occurred in 

the lower montane, 56 in the montane forest, five in the upper montane, and 21 in the high-

altitude fields (Campos de Altitude). The communities of marsupials, primates, and rodents 

have an ordination pattern related to the altitude. Species richness was higher between 500 m 

and 1,500 m above sea level in montane forest, which is in agreement with recent studies 

showing that species richness can reach its maximum at mid-elevations. 

 

To understand the current status and distribution of the wildlife species, intensive surveys 

were conducted in 14 different high altitude sites of Uttrakhand. The survey found indirect 

evidence from all, but direct sightings of the species was recorded only from eight sites, and 

most of the detected sites were within Kedarnath Wildlife Sanctuary (KWLS) and its 

surrounding areas (Syed and Ilyas, 2012). During the summer period of 2011, the survey was 

conducted in Saukhark, Tungnath and Chandrashila, and recorded 7 encounters of musk deer. 
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All the sightings were from the Saukhark area, which is dominated by alpine meadows. 

Intensive studies were carried out in KWLS to understand the food and feeding habits of 

musk deer. 5 tree, 16 shrub, 47 herb and 7 grass species in were recorded from vegetation 

sampling. Analysis of pellet groups and plant fragments resulted that musk deer were 

consuming 36 plant species (2 shrub, 31 herb and 3 grass species). Musk deer are 

predominantly a browser and the preferred species are Anemone obtusiloba, Polygonum 

amplexicaula and Potentilla sp. 

 

The studies already conducted were species or site specific. There are spaces for the holistic 

study regarding availability of wildlife with vegetation dynamics, community approach of 

conservation and economic analysis of conservation. This study tries to fulfill such gaps in 

the scientific community. 
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CHAPTER - III 

STUDY AREA 

 

LOCATION AND BOUNDARIES 
 

Study was carried out in Baghmara Buffer Zone Community Forest, the part of the buffer 

zone of Chitwan National Park. Baghmara Buffer Zone Community Forest (BBZCF) is 

located in Bachhauli Village Development Committee of Chitwan District, Nepal, covers 215 

ha area (Fig. 1). It is situated in between 27o34.78�-27o35.53� northern latitude and 84
o28.43�-

84o29.40� eastern longitude in subtropical region of central lowland at an elevation of 170 to 

250 meters above sea level. This forest borders cultivated land to east, Budhi Rapti River to 

west and north and Bodreni village and Rapti River to south (Tamrakar and Sharma, 2002, 

KMTNC, 1997, Pant, 2003). 

 

Baghmara Buffer Zone Community Forest has approximately 90 km aerial distance from 

Kathmandu, the capital city of Nepal. One commercial airport, at Bharatpur is connected by 

road (18 km), from the area. It can also be reached by road from Kathmandu-Mugling-

Narayanghat highway with approximate distance of 160 km. Tandi is one of the market place 

of Highway from where a south directed side road passage which will lead to Sauraha village. 

The west part of that village connected with the Baghmara Buffer zone community forest. A 

graveled road seems to be as demarcation line between forest and village area. Seasonal 

motorable road runs inside the community forest for the purpose of community utilization 

and touristic purposes. Electricity and telephone services are available in the users� group 

community. 

 

The entire community forest is common property under the jurisdiction of the National Parks 

and Wildlife Conservation Act and Buffer Zone Community Forest Regulations of Nepal. 

The forest is one community managed buffer zone forest area inside the administrative 

boundary of Mrigakunja Buffer Zone Users� Committee (BZUC), one among 15 BZUCs of 

Chitwan National Park. The area was managed by the Baghmara Buffer Zone Community 

Forest Users� Group. The implementation of the management is carried by 11 members 

Users� Group Committee formed by incorporating people from the users� group. The Buffer 

Zone Community Forest office is located inside the boundary of the forest. 
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Figure 1 � Location map of the study area, BBZCF. 
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TOPOGRAPHY 
 

The study area lies in the lowland of inner-Tarai at an elevation of 170 to 200 meter above 

sea level. The area is situated in the flood-plain of Rapti River, few oxbow lakes and swamps 

are also present. Few of them retain water during the dry season too. Rapti River and Budhi 

Rapti River are the two main river systems in the area. These rivers can be crossed by foot or 

four-wheel vehicle during dry season. In the monsoon season the water level rises up several 

more times than their normal flow and difficult to cross even from boats and elephants. About 

half portion of the forest area remains water logged during the monsoon and ground remains 

soggy from June to August months after the monsoon rain. 

 

Range of Siwalik which extends throughout the length of the country incorporated the 

outwash deposits from the northern Mahabharat range. The floodplains are deposition of 

alluvial terraces laid down by Himalayan uplift. These terraces incorporated the boulders and 

gravels set in the silty matrix (Mishra, 1982). The brown or grey color soil having sandy to 

silty loam texture is the characteristics of flood plain, including the study area. 

 

CLIMATE 
 

BBZCF is under the sub-tropical zone of climate zone of Nepal. The summer months are 

hottest with up to 43°C and the winter months are warm during the day while heart chilling 

cold in early morning and at night. The pleasant months are October and March when the 

temperature is around 30°C at noon but feels pleasant in morning and evening with around 

20°C (Fig 2). Temperature reached maximum 43°C and minimum around 7°C during the 

study period with monsoon having relatively high humidity. Annual average rainfall (2000 � 

2010) of the area is 2212.3 mm. Average maximum and minimum temperature of the area is 

30.90 C and 18.20 C respectively. The area included three main climatic seasons namely, 

summer, monsoon, winter; however there is a sharp difference of six seasonal patterns. 

 

Summer season 

Summer season starts in February and ends with May. Average day time temperature of this 

season is 36.40 C. The average maximum and minimum temperature (2000 � 2010) of 

summer season is 32.20 C and 16.50 C respectively with the average rainfall of 82.6 mm per 

month. Relative humidity of the area is lowest in March. Sporadic storms associated with 
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strong wind, hail, and rains occur from April to May. Some years scattered rain with storm 

and some year intense shower indicating the forthcoming monsoon starts from May. 

 

Monsoon season 

Monsoon season prevails from June to September. The south-easterly winds carry intense 

rainfall resulting heavy flooding in streams and rivers. The average maximum rainfall 

receives at July while it peakes up from June and slows down in September. There is 

sometime westerly scattered winter rain with 25.3 mm rainfall per month. However, average 

rainfall occurred of 445.1 mm per month. By the end of September frequency of rain begin to 

decline so as of temperature. 

 

 

Figure 2 - Mean annual maximum and minimum temperatures and rainfall during 

2000-2010 at Rampur (GoN, 2012). 

 

Winter season 

Cool and dry winter starts from October and ends in January. The average day and night time 

temperatures reduced to 26.80 C and 130 C. Night time is damp and cold having heavy fog 

ends up in the late morning. There is not or very few rainfall in this season (Fig. 2). 

 

FLORA AND FAUNA 
 

Basically, the dominant species of the forest are Semul (Bombax ceiba), Vellor (Trewia 

nudiflora), and Padke (Albizia lucidior). Other tree species available in the forest are 

0

100

200

300

400

500

600

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

R
ai

nf
al

l (
m

m
)

T
em

pe
ra

tu
re

 (
0 

C
)

Average Max Average Min Rainfall



~ 19 ~ 
 

Mallotus phillippensis, Ehertia laevis, Premna interrupta, Litsea monopetala, Acacia 

catechu, Dalbergia sissoo and Cordia dichotoma. The shrub land is absent inside the forest. 

Some shrub species are associated in the forest as understory layer. The common shrub 

species in the understory vegetation are Litsea lancifolia, Ardisia macrocarpa, Callicarpa 

microphylla, and Calamus tenuis. There are some patches of grasslands in the community 

forest and the major plant species available in the grassland are Ageratum conyzoides, 

Peperoxia pellucida, Cyanodon dactylon, Imperata cylindrica, Saccharum spontaneum and 

Themeda villosa. Pant (2003) reported 104 species of plants (including endangered Butea 

monosperma and Rauwolfia serpentina) in the forest. Based on vegetation composition four 

types of habitats are identified: 

 

Natural forest 

The naturally regenerated forest incorporates diverse genera and dominated by Vellor 

(Trewia nudiflora), Padke (Albizia lucidior), Semul (Bombax ceiba) and Kutmiro (Litsea 

monopetala) with densely covered prickle-bearing climber Arari Kanda or Kande Lahara 

(Caesalpinia decapetala). In the natural regeneration area the forest includes typical 

subtropical forest (Stainton, 1972). 

 

Plantation forest 

Plantation in BBZCF was started during 1989 by planting 80,000 saplings in 52 ha grazing 

ground which was also used as airstrip for small aircraft. The major planted species during 

this period were Dalbergia sissoo, Acacia catechu, Tectona grandis, and Bombax ceiba. 

 

Grassland 

Patches of grasslands are distributed inside BBZCF. The major plant species in the grassland 

are Cyanodon dactylon, Imperata cylindrical and Saccharum spontaneum. The area mostly 

includes short grassland, dominated by Siru (Imperata cylindrica). Some grassland area in 

this forest incorporated scattered trees, and looks like the savanna. In this savanna type 

grassland common tree species are Semul (Bombax ceiba) and Datrung (Ehertia laevis). 

 

Wetland 

Both lentic and lotic wetlands are found in the area. Some lotic wetlands are renovated (Gohi 

Tal and Musahar Tal) in 1996 with aim to provide water sources for wildlife and create new 
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habitat for aquatic life (KMTNC, 1998). During monsoon season some area of BBZCF are 

inundated. The two rivers, namely Rapti and Budhi Rapti are the permanent sources of water 

in this forest. 

 

In this context the Baghmara Community Forest provides a diverse habitat for the wildlife. It 

harbors carnivores such as the tiger (Panthera tigris) and leopard (Panthera pardus) as 

frequent visitor. The other main wildlife species recorded in the forests is rhino (Rhinoceros 

unicornis), sambar deer (Cervus unicolor), spotted deer (Axis axis), hog deer (Axis porcinus), 

wild boar (Sus scrofa), barking deer (Muntiacus muntjack), rhesus monkey (Macaca mulatta) 

and mugger crocodile (Crocodylus palustris) (Sharma et. al, 2011). 

 

The area is also famous for the bird assemblage with 211 species of birds. The recorded 

species incorporated 35 species as water birds and 176 species as forest birds. Among these 

birds 36 species are listed as threatened species from Bird Life International. From the 

naturally regenerated forest of the study area 29 threatened bird species are recorded. 

Similarly, the numbers of threatened bird species in the plantation forest are 25 species 

(KMTNC, 1997) (Annex 15 and 16). 

 

LAND USES 
 

The first users� group of the Baghmara Community Forest (BCF) was formed in 1988, which 

initially included the local residence of Bachhauli Village Development Committee (VDC) 

ward number 2 and 3. Later residence of Bachhauli VDC ward number 3 and 4 were also 

included. Now, the users of the BBZCF are local residents of ward number 1, 2, 3, and 4 of 

Bachhauli VDC with 780 households, 49.68% male and 50.32% female (Tamrakar and 

Sharma, 2002). 

 

The agriculture and land use pattern around the BBZCF is similar with most of Tarai and 

inner-Tarai. Paddy (Oryza sativa) is the principal crops grown in the area. The rice plantation 

is done during July-August and harvesting during November-December. In the areas with 

permanent sources of water (eg. canal) paddy is planted earlier. Same land utilized for 

growing pulses (Lens culinaris and Cajanus cajan), mustard (Brassica nigra), and wheat 

(Triticum aestivum) are planted when rice is harvested. Some fruit species like banana (Musa 

paradisiaca), mangoes (Mangifera indica), litchi (Litchi chinensis), papaya (Carica papaya), 
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and guava (Psidium guajava) are planted near the settlement. Cattles are reared by farmers 

through intensive and semi-intensive grazing system. 

 

The primary objective of the community forest is the sustainable utilization and management 

of forest. So, the users� are regularly collecting forest products, mainly grass, from the 

community forest. Beside grass other forest products, like fuel wood and timber, are provided 

only on demand basis following the terms and conditions provided by the community forest�s 

legislation and operational plan. The practiced ruminant production system among the users� 

of community forest required them to collect fodder and grazed their livestock. Wildlife 

tourism was started in 1995 and the community has been earning more than US$ 50,000 per 

annum as eco-tourism revenue. The uniqueness of the BBZCF is the starter of community 

forest managed ecotourism. This sub-tropical forest of the area is less dependent on the forest 

product selling for revenue generation. 

 



~ 22 ~ 
 

CHAPTER - IV 

THE WILDLIFE GROUPS IN STUDY AREA 
 

Chitwan National Park is one of the few remaining area of Asia where four species of deer 

are available together. They are spotted deer, hog deer, sambar deer, and barking deer. The 

other species of deer like swamp deer once common in the area has been locally extinct since 

late sixties (Mishra, 1982). A specimen of mouse-deer was collected from Chitwan nearly 

five decade ago is available in Natural History Museum (Chalise, 2008). There is no evidence 

of its presence in Chitwan area currently and probably become locally extinct. Although 

study area is small as compared with the Chitwan National Park (CNP), however BBZCF 

inhabits all four species of deer that are available in CNP (932 km2). The species other than 

deer present in the area are wild boar, rhesus monkey, the rhino and even large carnivores. 

The main large predators present in the study area are tiger and leopard. A brief description 

about the wildlife species is presented below: 

 

Barking deer (Muntiacus muntjak Zimmermann 1780) 

Oldest in origin and smallest in size, the barking deer is distributed in tropical to temperate 

regions of South Asia and eastern Himalaya. Male are territorial, territories may be shared by 

females but not of another male. Body is covered with soft, short, thick, dense brown or grey 

coat with occasional creamy markings. The body length varies from 89-135 cm, height 

ranges between 38-66 cm and males are generally larger than females. It is herbivorous, feeds 

mostly the shoots, fruits, seeds as browsers and grazers (Timmins et. al, 2008a). This deer is 

distributed in naturally regenerated forest of the study area. 

 

Chital/Spotted deer (Axis axis Erxleben 1777) 

The coat of spotted deer is pinkish marked with white spots, and it�s under parts are white. Its 

antlers, which it sheds annually, are usually three-pronged and curve in a lyre shape and can 

extend upto 75 cm (2.5 ft). It stands about 90 cm (3 ft) tall at the shoulder and weight is about 

85 kg. Males are larger than females (Duckworth et. al, 2008). They are grazers and feed on 

short, sprouting grasses. However they will eat forbs, fruit and branches of trees, especially 

when they are thrown down by monkeys. They prefer to retain near water source and visit 

water source in morning and evening in hot weather (Mishra, 1982). They occur in the 

natural forest and grassland patches in the study area. 
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Hog deer (Axis porcinus Zimmermann 1780) 

They are distributed in wet or moist tall grasslands along the rivers (Timmins et. al, 2008a), 

and its highest densities are in floodplain grasslands (Wegge et. al, 2009). A mature hog deer 

stag stands about 70 cm at the shoulder and weighs approximately 50 kg while hinds are 

much smaller, standing about 61 cm and weighing in the vicinity of 30 kg. The ears are 

rounded; older animals tend to become light colored in the face and neck (Timmins et. al, 

2008a). In the study area it is distributed at the edge of wetlands. 

 

Leopard (Panthera pardus Linnaeus 1758) 

The leopard (Panthera pardus) is the smallest of the four "big cats" in the genus Panthera. It 

has relatively short legs and a long body with a large skull. Fur is marked with densely 

packed rosettes without central patch. Fur under the belly is light color and of a soft, downy 

type. They are elusive, solitary, largely nocturnal, agile and stealthy predators (Henschel et. 

al, 2008). In the study area they are distributed in forest and grassland. 

 

Rhesus macaque (Macaca mulatta Zimmermann 1780) 

They are diurnal animals, and both arboreal and terrestrial. Rhesus monkeys are quadrupedal 

and, when on the ground, they walk plantigrade. They are mostly herbivorous feeding on 

mainly fruit, but also eating seeds, roots, buds, bark, and cereals. Sometime they use to eat 

birds� egg and insects too (Chalise, 2000). It is brown or grey in color with a pink face, which 

is bereft of fur. Its tail is of medium length and averages between 20.7 and 22.9 cm. Adult 

males measure approximately 53 cm on average and weigh about 7.7 kg. Females are 

smaller, averaging 47 cm in length and 5.3 kg in weight. In Nepal, rhesus macaques are found 

in flat, cultivated areas, where agricultural fields dominate the landscape and in the plains, 

foothills and mountainous regions where habitat includes cultivated fields, tropical forests 

and dry, deciduous forests (Chalise, 2011). They are distributed in forest and range around 

the grasslands of the study area. 

 

Rhinoceros (Rhinoceros unicornis Linnaeus 1758) 

Listed as a vulnerable species in the IUCN red list of threatened species, this large mammal is 

primarily occurs in Assam of north-eastern India and in the Tarai of Nepal. They prefer the 

alluvial plain grasslands. The rhinoceros has thick, silver-brown skin, which becomes pinkish 

near the large skin folds that cover its body. Its upper legs and shoulders are covered in wart-

like bumps. It has very little body hair, aside from eyelashes, ear-fringes and tail-brush. 

Males develop thick neck-folds. The rhinoceros is a grazer and diet consists almost entirely 
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of grasses. They are mostly solitary, with the exception of mothers and calves and breeding 

pairs, although they sometimes congregate at bathing areas. The rhinoceros is a heavily built 

species with an average head and body length of 412 cm and an average girth of 396 cm 

(Talukdar et. al, 2008). In 2011 a rhino count conducted in the Tarai of Nepal recorded 408 

individuals in and around Chitwan National Park, and 22 individuals in the Karnali flood 

plain area of Bardia National Park. There were 5 rhinos in the Shukla Phanta Wildlife 

Reserve (DNPWC, 2011). They are distributed in forests, grasslands and wetlands habitats of 

the study area. 

 

Sambar (Cervus unicolor Kerr 1792) 

Crepuscular and nocturnal in habit, they are most easily spotted at the forest margins where 

they feed on young grass shoots (Prater, 1993). They are listed as vulnerable species in IUCN 

red list of threatened species. Male sambar is the largest among deer species of Asia (Mishra, 

1982) with a head-body length of up to 2 meters and weighing up to 260 kg. Females are 

considerably smaller. The fur is brown to grey-brown, the tail dark and the underside of the 

tail and rump area whitish (Timmins et. al, 2008b). They are found in the dense forests of the 

study area. 

 

Tiger (Panthera tigris Linnaeus 1758) 

Tigers are solitary, with adults maintaining exclusive territories, or home ranges. Adult 

female home ranges seldom overlap, whereas male ranges typically overlap from 1�3 

females, a typical felid pattern of social organization. Tiger home range differs on the basis of 

its prey abundant. They are found mainly in the forests of tropical Asia, although they 

historically occurred more widely in drier and colder climes (Chundawat et. al, 2011). They 

are frequent visitor in the study area. 

 

Wild boar (Sus scrofa Linnaeus 1758) 

The body is compact; the head is large and the legs are relatively short. The fur consists of 

stiff bristles at the dorsal and neck region and usually finer fur in other parts. The color 

usually varies from dark grey to black or brown, but there are great regional differences in 

color. During winter the fur is much denser. Adult boars measure 90�200 cm in length, not 

counting a tail of 15�40 cm, and have a shoulder height of 55�110 cm. Adult males develop 

tusks and serve as weapons and tools. Piglets are colored differently from adults, having 

marbled chocolate and cream stripes lengthwise over their bodies (Oliver and Leus, 2008). 

They are distributed in forests and grasslands of the study area.  
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CHAPTER - V 

HABITAT TYPES AND ITS UTILIZATION 

 

Habitat is spatial entity on the earth surface where an organism or community lives. Broadly 

they are two types, macrohabitat and microhabitat. The four major habitats of the biosphere 

are marine, estuarine, fresh water and terrestrial (Gopal, 1992). The biotic communities 

inhabiting in the terrestrial habitats differ according to climate and other environment related 

factors and constitute distinct biomes of faunal and floral communities. Depending upon the 

environmental factor each biome has unique climax vegetation. Four basic components of 

habitat such as food, cover, water, and space should be available for survival of a wildlife 

species in given habitat. 

 

Forest habitat of low land Tarai region of Nepal was degraded after the nationalization of the 

private forest in 1957. Later conservation activities were institutionalized in the form of forest 

law (in 1956) and protected area law (in 1973) (Chalise, 2010). The enforcement of the law 

and involvement of the local communities in conservation areas moved simultaneously which 

showed positive impact on resource conservation (Sharma, 1999a). The forests of lowland 

generally known as Tarai region are famous for different forest resources. They incorporated 

the economically valuable timber species, non-timber forest products and threatened wildlife 

species. The areas with riverine and subtropical forests within the flood plains are much 

richer in biological diversity (Mishra, 1982). 

 

With the establishment of rhino sanctuary (1956) the first initiation to conserve the forest 

resources were started in Chitwan. This conservation initiation was further enhanced by 

legitimization of wildlife protection act in 1957 (Mishra, 1982). After few years a special unit 

was created to protect rhino and its habitat called as rhino patrol unit (NCRTC, 1997). After 

community conservation initiation in 1988 in Baghmara, a natural forest area was created and 

some endangered flagship species, like one horned rhinoceros, was re-colonized. Now, this 

forest is a part of the buffer zone of Chitwan National Park (CNP). Conservation efforts have 

resulted significant ecological and socio-economic changes. The changes need to be 

quantified and assessed before the concept is expanded to the other areas. The institutional 

engagement in the resource management and the involvement of local stakeholder in process 

of conservation of the community forest has totally controlled grazing and illegal collection 
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of fuel wood, fodder and hunting. This study has attempted to analyze the current habitat 

types of the area with their utilization from the available wildlife. 

 

METHODS 
 

Seasonal researches were conducted for vegetation type and its classification on the basis of 

phyto-sociology, composition and dominant species of the trees and density of the species in 

under-story layer. Geographic Information System (GIS) and Global Positioning System 

(GPS) were used to map, demarcate and identify the types and boundaries of different 

vegetation types (Sharma, 1999). The smallest habitat recorded was 0.5 ha (70m x 70m). 

Where in doubt about the transition between two adjacent vegetation types, the floristic 

composition was checked on the ground. Importance Values of tree were analyzed by adding 

relative frequency, relative density and relative dominance (Krebs, 1994). The name of 

particular habitat was provided from the name of tree species with highest Importance Value 

(Zobel et. al, 1988). 

 

Line transect 

The primary data on tree level characteristics, like species name, DBH and height, were 

collected from quatrates prepared in 34 parallel transects traversing east to west spacing 150 

m. Height and DBH of tree were measured from clinometers and DBH tape respectively. The 

transect pass through the all habitat types of BBZCF. Total length of transects was 68 

kilometers. 

 

Quadrate 

Quadrates were laid in each line transects to collect information about vegetation. Vegetation 

composition and analysis was determined by quadrates methods. Species area curves were 

also studied for different vegetation types (Krebs, 1989). The phyto-ecological analysis of the 

vegetation types was based on random quadrate sampling. Randomization of quadrates in a 

particular habitat type was done by traveling 15 paces (1 paces = 75 cm) in any direction. 

Quadrates of 400 m2 (20 m x 20 m), 25 m2 (5 m x 5 m) and 1 m2 (1 m x 1 m) were used to 

collect data on tree (woody plants, >5cm DBH and >1.3m height), under-story and ground 

vegetation respectively. Quadrates of 2.25 m2 (1.5m x 1.5m) were used for analysis of 

grassland. Information on under-story layer was collected by plotting two quadrates of 25 m2 
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at opposite corners of the large quadrate of 400 m2. Information on ground vegetation was 

collected studying four quadrates of 1 m2 set at each corner of the 400 m2 quadrate. The 

quadrates nesting pattern is given for 20m2(Fig 3). Distances between quadrates were varying 

with the size of unit to be sampled, but will always a minimum of 50 paces apart. Sampling was 

conducted at least 10m from the border of different vegetation types. The woody plants which 

has less than 5cm DBH and taller than knee height were considered as the sapling individuals. 

 

Vegetation classification 

The vegetation types were determined by arranging the Importance Values of each tree 

species. Importance Values of each tree species was obtained by summation of the relative 

frequency, relative density, and relative dominance (Krebs, 1989). Relative dominance of 

trees was determined by calculating the basal area. The coverage of ground floras were 

calculated by converting the recorded cover percentage to midpoint cover classes (Zobel et. 

al, 1987). In case of grassland Prominence Values (Dinerstein, 1979) was used for 

classification. 

20 m × 20 m 
 1 m2             1 m2  

                  
                    
                    
                    

5 m2                
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               1 m2 
 1 m2                
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Figure 3 - Sample of a quadrate used to collect information on vegetation. 
 



~ 29 ~ 
 

The utilization of habitat by different wildlife was also recorded by observing their signs. The 

presence of signs like pellets, dung, hoof or pug mark and remains of other body parts were 

recorded as evidences of the animal who has visited the habitat. These signs were collected 

from 25 m2, 1 m2 and 2.25 m2 quadrates prepared for vegetation survey. 

 

The abundance of wildlife in particular habitat types was calculated by making percentage of 

number of quadrates having sign with total number of plot sampled. Habitat preference by the 

wildlife was calculated as the relative value of the number of plot having the wildlife sign 

divided by total number of studied quadrate (Parajuli, 2007). 

 

Sørensen�s index of similarity (Sørensen, 1948) was employed to compare similarity between 

different vegetation types. The similarity index was the ratio of total common individual 

species and sum of total number of species in both compared habitats. 

 

Maturity of the forest was calculated by using maturity index (Pechi-Sermolli, 1948). 

Maturity index was the ratio of sum of frequency of individual species in the habitat and total 

number of species in the habitat. 

 

RESULTS 
 

Number of quadrates 

Total 961 quadrates were studied in the BBZCF. The areas covered by these quadrates were 6 

ha, which is 2.8% of total area covered by BBZCF (215 ha) (Tab. 1).  

 

Table 1 - Number of quadrates studied for different vegetation types. 

Vegetation types 
Number of studied quadrate 

Tree Understory Ground vegetation Total 

Trewia nudiflora forest 44 88 176 308 

Dalbergia sissoo forest 40 80 160 280 

Albizia lucidior forest 35 70 140 245 

Acacia catechu forest 8 16 32 56 

Savanna grassland 4 8 16 16 

Grassland* 56 56 

Total 131 262 580 961 

* Size of the quadrates in grassland was 2.25 m2 
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The percent of area covered by quadrates and distribution of quadrate is given in table 2. The 

maximum area covered through quadrate was maximum in Dalbergia sissoo forest (4.8%) 

and minimum in grassland (0.04%).  

 

Table 2 - The quadrate distribution and area covered by different vegetation types. 

 

Habitat types 

Three different types of habitat were identified inside BBZCF for the purpose of studying 

restoration of wildlife categories. They were wetland, forest, and grassland. 

 

Wetland habitat 

Both lentic and lotic type of wetland are distributed in the community forest. They are the 

major sources of water for wildlife in the area. As the study area is located in the flood plain 

of Rapti River, the area remains flooded during monsoon period. Several oxbow lakes full 

with water during rainy season only are distributed in different places of the study area. The 

lentic type of ecosystem is less distributed in the study area. Few of these ecosystems are 

newly created and became good habitat for marsh mugger. There are two main rivers, namely 

Rapti and Budhi Rapti, serving as lotic ecosystem. They are also a good habitat for Marsh 

Mugger and Ghariyal crocodile. The area covered by these ecosystems is less than 0.01% of 

the total forest. 

 
Forest and grassland habitats 

They were the major habitat types of study area. From phyto-sociological analysis six 

vegetation types are categorized. They were Acacia catechu forest, Albizia lucidior forest, 

Savanna grassland, Dalbergia sissoo forest, Trewia nudiflora forest, and grassland. The 

highest area of BBZCF is covered by the Trewia nudiflora forest (29.6%) and the lowest area 

is covered by Acacia catechu forest (3.7%) (Tab. 3). 

Vegetation types Area covered (ha.) Quadrate distribution (%) Area covered by quadrate (%) 

Trewia nudiflora forest 63.6 32.0 3.1 

Dalbergia sissoo forest 38.2 29.1 4.8 

Albizia lucidior forest 60.5 25.5 2.6 

Grassland 33.0 5.8 0.04 

Acacia catechu forest 8.0 5.8 4.5 

Savanna grassland 11.7 1.7 1.6 
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Acacia catechu forest occupies 8 ha (3.7%) area predominantly in the plantation sites of 1989 

and 1990 (BBZCF, 2003). This forest included the trees having average height and diameter 

of 14.5 m and 72 cm, respectively with 116 stems per hector. Six species of tree comprises 

this forest type. In this forest Acacia catechu was more important species with the highest 

importance value (IV = 103.2) followed by Dalbergia sissoo (IV = 60.9) (Annex 1). 

 

In the same way Anthocephalus chinensis is less important with lowest (IV = 12.8) 

importance value. There are six species in the understory layer of this forest. Among these six 

species Callicarpa microphylla is the most prominent species (PV = 200) followed by 

Colebrookea oppositifolia (PV = 95). The ground vegetation of this forest indicate high 

diversity of species (n = 30). In the ground vegetation Imperata cylindrica is most prominent 

species (PV = 103) followed by Cynodon dactylon (PV = 20.5) (Annex 1). 

 

Table 3 - Vegetation types and area covered by each type. 

Vegetation types Area covered (ha) Area occupied (%) 

Trewia nudiflora forest 63.6 29.6 

Albizia lucidior forest 60.5 28.1 

Dalbergia sissoo forest 38.2 17.8 

Grassland 33.0 15.3 

Savanna grassland 11.7 5.4 

Acacia catechu forest 8.0 3.7 

Total 215.0 100.0 

 
Occupying 60.5 ha area, Albizia lucidior forest is situated in the natural regeneration site of 

BBZCF. Average tree height of this forest is 16 m with an average DBH of 22.5 cm. The area 

was protected from barbed wire fence since 1994 (BCF, 1994). This forest included 422 

stems per hector with 13 species of tree. In the canopy layer Albizia lucidior is the most 

important plant species (IV = 86.6) followed by Bombax ceiba (IV = 76.2). Understory layer 

of this forest includes 13 species of plants. Among them Litsea lancifolia appears as most 

prominent (PV = 259.1) plant species followed by Callicarpa microphylla (PV = 95.1). 

Similarly, there were 46 plant species in the ground flora of this forest. Among them 

Chrysopogon aciculatus (PV = 35.4) is most prominent plant species followed by Ageratum 

conyzoides (PV = 17.5) (Annex 2). 
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In the study area some scattered trees are also found in association with ground flora and 

considered as Savanna grassland. This vegetation occupies 11.7 ha area of BBZCF and has 

been utilizing as grazing land for the livestock of users� group. The average tree height of this 

forest is 16.5 m with 82.5 cm of average diameter. The area includes quite scattered trees 

(57/ha) with less diverse species number (n = 3). In the canopy layer of this vegetation 

Bombax ceiba is the important (IV = 158.8) plant species followed by Dalbergia sissoo (IV = 

112.7) (Annex 3). Only two species of plant are recorded from the understory layers of 

Savanna grassland. In understory layer Callicarpa microphylla is most prominent (PV = 

99.4) plant species followed by Dalbergia sissoo (PV = 0.3). Ground vegetation includes 

more diverse plant species (n = 22) than tree and understory layers of this vegetation. In 

ground flora of Savanna grassland Cynodon dactylon is the most prominent (PV = 87.8) plant 

species followed by Setaria verticiliata (PV = 31.5) (Annex 3). 

 

Dalbergia sissoo forest is situated in the plantation site of BBZCF occupying 38.2 ha area. In 

canopy layer of this vegetation 9 species of trees are recorded. Average tree height of this 

forest is 15 m with 55.1 cm average DBH. There are 203 individual trees per hector. In tree 

canopy Dalbergia sissoo is the important tree species (IV = 222.1) followed by Trewia 

nudiflora (IV = 33.5) (Annex 4). The understory flora incorporates 8 species of plants. In 

understory layer Callicarpa microphylla is most prominent plant species (PV = 75.3) 

followed by Colebrookea oppositifolia (PV = 63.4). Ground floras are quite rich in species 

diversity which incorporates 51 plant species. Lianas like Parthenocissus semichordata and 

Mikania micrantha are more prominent in this forest. In ground vegetation Imperata 

cylindrica (PV = 32) is most prominent plant species followed by Mikania micrantha (PV = 

23.2) (Annex 4). 

 

Trewia nudiflora forest is situated in natural regeneration site of community forest. The area 

with this forest was protected by barbed wire fence since 1994 (BCF, 1994). It occupies 63.6 

ha area of community forest. From the canopy layer of this forest 16 species of tree are 

recorded. The average height of tree in this forest is 15 m with an average DBH of 24.5 cm. 

Number of stems per hector of forest are 363. In the tree canopy Trewia nudiflora is most 

important (IV = 97.0) plant species followed by Bombax ceiba (PV = 79.7) and Albizia 

lucidior (PV = 43.5) (Annex 5). From understory layer 12 species of plants are recorded. In 

understory layer Litsea lancifolia is the most prominent plant species (PV = 95.4) followed 

by Ardisia macrocarpa (PV = 77.3) and Callicarpa microphylla (PV = 67.1). Similarly, 
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Imperata cylindrica (PV = 90.8) and Setaria verticiliata (PV = 27.4) are most prominent 

plant species in ground flora. A total of 54 species are recorded in the ground flora of this 

forest (Annex 5). 

 

Total 33 ha area of BBZCF are managed as grassland. Inside the barbed wire fence grassland 

areas serves as grazing ground for wildlife. In total 40 species of plants are recorded from the 

grassland of BBZCF. Among the recorded species Imperata cylindrica is most prominent 

(PV = 178.9) followed by Cynodon dactylon (PV = 108.6) and Saccharum spontaneum (PV = 

53.9) (Annex 6). 

 

Similarity index and maturity index of vegetations 

Similarity index and maturity index of different forest type is given in table 4 and 5. From the 

index of similarity (IS), the grassland is more similar to Savanna grassland (IS = 46.9) than 

the other vegetation type of BBZCF. Similarly, Trewia nudiflora forest is found closer to 

Albizia lucidior forest (IS = 74.8) in comparison to other vegetation. Among other vegetation 

Dalbergia sissoo forest is more similar to Trewia nudiflora forest (IS = 68.9), Savanna 

grassland is more similar to Dalbergia sissoo forest (IS = 55.0), Albizia lucidior forest is 

more similar to Trewia nudiflora forest (IS = 74.8), and Acacia catechu forest is more similar 

to Dalbergia sissoo forest (IS = 59.3) (Tab. 4). 

 

Table 4 � Similarity index of different forest types. 

Vegetation type Grassland Trewia nudiflora Dalbergia sissoo Savanna Albizia lucidior 

Acacia catechu forest 45.3 52.0 59.3 42.6 48.4 

Albizia lucidior forest 32.7 74.8 63.2 45.2 -- 

Savanna grassland 46.9 44.9 55.0 -- -- 

Dalbergia sissoo forest 46.8 68.9 -- -- -- 

Trewia nudiflora forest 44.7 -- -- -- -- 

 

On the basis of the available tree species in the canopy layer, maturity indices (MI) of the 

available vegetation types are calculated. Base on maturity indices (MI) Savanna vegetation 

is more mature (MI = 0.50) than other available vegetations of BBZCF. The other respective 

mature vegetations of BBZCF are Albizia lucidior forest (MI = 0.37), Acacia catechu forest 

(MI = 0.31), Dalbergia sissoo forest (MI = 0.21), and Trewia nudiflora forest (MI = 0.21) 

respectively (Tab. 5). 
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Table 5 � Maturity index of different vegetation. 

Vegetation type Maturity index (MI) 

Savanna grassland 0.50 

Albizia lucidior forest 0.37 

Acacia catechu forest 0.31 

Dalbergia sissoo forest 0.21 

Trewia nudiflora forest 0.21 

 

Wildlife abundance and habitat preference 

Abundance of wildlife species and its preference for forest type is presented in fig 4 and 5. 

Wildlife signs are found only from naturally regenerated forests areas. On the basis of the 

occurrence of signs, wildlife is distributed in Albizia lucidior forest, Trewia nudiflora forest, 

and grasslands of the study area. From Albizia lucidior forest spotted deer, sambar, wild boar, 

barking deer, and rhinos are recorded. Among them spotted deer (A = 4.3%) is more 

abundant wildlife found in this forest followed by barking deer (A = 2.9). Similarly, other 

abundant species of this forest are rhinos (A = 2.4%), wild boar (A = 1.4), and sambar deer 

(A = 1%) (Fig. 4). 

 

 

Figure 4 � Wildlife abundance in Albizia lucidior forest. 
 

The Trewia nudiflora forest is also a good habitat for large mammals. Wildlife recorded from 

this forest is sambar deer, spotted deer, wild boar, barking deer and rhino. In this forest 

spotted deer (A = 6.4) is most abundant wildlife species followed by sambar (A = 4.2). Other 

wildlife recorded from this forest are rhino (A = 1.9), barking deer (A = 1.1), and wild boar 
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(A = 0.4) (Fig. 5). This habitat is also receiving anthropogenic activities like livestock 

grazing and grass cutting.  

 

 

Figure 5 � Wildlife abundance in Trewia nudiflora forest. 
 

Grassland of community forest provides the good grazing ground for wildlife. From this 

study rhino is found frequently (A = 1.8) visiting in grassland. Grassland areas outside barbed 

wire fence are used to graze livestock from users� group. Grasslands inside the fencing are 

also served local as daily grass collection places of users� group. 

 

Habitat preference of barking deer, spotted deer, rhino, sambar, and wild boar are studied in 

BBZCF. Signs of this wildlife are distributed in Albizia lucidior and Trewia nudiflora forests 

and grassland of the study area. Among these wildlives spotted deer and sambar prefer 

Trewia nudiflora forest and rest of the wildlife prefer Albizia lucidior forest as their habitats 

(Fig. 6). 

 

 

Figure 6 � Habitat preference by different wildlife. 
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DISCUSSIONS 
 

Change in habitat types 

Plantation in the BBZCF was accomplished in three phases; 16 ha in first phase in 1989, 10 

ha in second phase in 1990 and 10 ha in third phase in 1997 in north western grazing lands of 

the study area (NCRTC, 1990, 1997). 

 

The main planted species were Sissoo, Khair, Vellor (Trewia nudiflora), Semul (Bombax 

ceiba) and Teak (Tectona grandis) (NCRTC, 1992, 1997). Immediately after plantation, these 

areas were fenced from barbed wire and restricted for free grazing. These sites now converted 

into two forest types, namely Khair (Acacia catechu) and Sissoo (Dalbergia sissoo). 

Currently, Padke (Albizia lucidior), which was not planted species, emerging out as an 

important species in Khair (Acacia catechu) forest. The emergence of Padke was started from 

the edge of plantation sites having moist microclimate. It indicates that the succession of tree 

species was continued according to land suitability and less encroachment of the habitat. 

 

Since 1994, plant composition in canopy layer was also changed in the Khair (Acacia 

catechu) forest. The importance value (IV) of Khair (Acacia catechu) was reduced from 

105.9 in 1994 to 103.2 in 2011 and second important species was changed from Padke to 

Sissoo (Annex 1). Similarly, numbers of tree species in canopy layer were reduced from 9 to 

6. The number of stem per hector of forest was reduced from 1416 stem/ha to 209 stem/ha. 

But, numbers of species in understory layer were increased from 4 to 6 (Annex 1). In 

understory layer some species were replaced and some new species were emerged. In this 

layer Urtica dioica was more prominent during initial phase of community conservation but 

now it was less frequent. Previously prominent ground vegetations were Diplazium 

esculentum (PV = 9.4) and Clerodendrum viscosum (PV = 6.3). In 1994, only four species of 

plant were recorded from the ground vegetation (Sharma and Chalise, 2012). In 2011 species 

diversity in ground vegetation was increased (n = 30) (Annex 1) and Imperata cylindrica (PV 

= 103) and Cynodon dactylon (PV = 20.5) were more prominent species in ground 

vegetation. 

 

Similarly, the community structure in Sissoo (Dalbergia sissoo) forest was also changed 

since 1994. Importance value of Sissoo was reduced to 222.1 (Annex 4) than earlier study 

(IV = 256) and second important species Bombax ceiba (IV = 15) was replaced by Trewia 
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nudiflora (Annex 4). Tree species diversity in canopy layer was increased from 4 to 9 and 

average height of tree was increased from 7.5 m to 15 m. Density of the tree per hector was 

drastically reduced from 1759 individual/ha to 203 individual/ha. Now prominent plant 

species in understory was Callicarpa microphylla and which was Urtica dioica in 1994. 

Number of plant species in understory layer was increased from 3 to 8 (Annex 4). Diplazium 

esculentum was more prominent plant species in the ground vegetation in 1994 but that 

species was replaced by Imperata cylindrica (PV = 32.0). Plant species richness was 

increased from 6 to 51 from 1994 to 2011 (Sharma and Chalise, 2012). 

 

As earlier study (1994) natural regeneration sites of BBZCF included two types of forests. 

But, importance value of tree was changed and form different plant community composition. 

Previous Semul-Padke (Bombax ceiba-Albizia lucidior) forest was now changed to nearly 

pure stand of Albizia lucidior (IV = 86.6) forest. The importance value of Bombax ceiba and 

Albizia lucidior was reduced from 124.2 to 76.2 and 99.3 to 86.6 respectively (Annex 2). The 

average height of trees was increased from 9.3 m to 16 m and number of steams per hector 

was increased from 78 individuals/ha to 422 individuals/ha. The diversity of plant species in 

tree canopy was increased from 5 species to 13 species (Annex 2). Most prominent plant 

species (Litsea lancifolia) at understory layer remained same but its Prominence value was 

increased from 32.5 to 259.1 and plant species diversity was increased from 4 to 13 (Annex 

2). Previous prominent plant species Dennstaedtia appendiculata in ground vegetation was 

replaced by Chrysopogon aciculatus (PV = 35.4). Number of plant species in ground 

vegetation was drastically increased from 5 to 46 (Sharma and Chalise 2012) (Annex 2). As 

identified from previous study (Mishra 1982, Jnawali 1995) understory layer of this forest 

included good fodder plant species of deer species and rhino. 

 

Previous Padke-Vellor (Albizia-Trewia) forest of natural regeneration area was now changed 

to pure Vellor (Trewia nudiflora) forest (IV = 97.0) (Annex 5). In this forest number of trees 

per hector was increased from 273 to 363 and also average height of tree was increased from 

8.2 m to 15 m. Number of tree species in canopy layer was increased from 12 to 16 (Annex 

5). Prominent plant species at understory layer was changed from thorny Caesalpinia 

decapetala to Litsea lancifolia which is one of the important food plants of deer species and 

rhino (Mishra, 1982, Jnawali, 1995). Understory and ground vegetation of this forest was 

absent in 1994 (Sharma and Chalise, 2012). But, the number of plant species in ground 

vegetation was recorded 54 during this study period (Annex 5). 
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After managed by community the study area incorporated different types of forests and 

grassland. Plant species diversity was increased and forest areas were still in succession 

stage. Similar type of study was conducted in the lowland floodplain Tarai region of west 

Nepal at Bardia National Park (BNP) during 1978 (Dinerstein, 1979). The current finding 

resembles to the study of BNP in which Savanna grassland was more mature habitats among 

identified riverine habitats in BNP. 

 

Change in wildlife species 

During this study, four more large mammalian species, namely barking deer (Muntiacus 

muntjak), hog deer (Axis porcinus), spotted deer (Axis axis) and wild boar (Sus scrofa) were 

recorded in addition to initial records (NCRTC, 1995, BCF, 1994) in this forest. Previously, 

sambar deer (Cervus unicolor), and rhinoceros (Rhinoceros unicornis) were recorded from 

the area. The census revealed that number of spotted deer was highest among the recorded 

species (Sharma et. al, 2011). This indicated BBZCF became a suitable habitat of different 

wildlife, especially for the herbivores or medium sized ungulates species. The study area 

incorporated all four essential components namely food, cover, water, and space of habitat 

(Gopal, 1992). 

 

Wildlife was concentrated in the naturally regenerated forest sites in BBZCF. The natural 

regeneration sites incorporated mosaics of different habitats including small wetlands and 

grassland (BBZCF, 2003). The presence of fodder plants (Annex 14) as well as wetlands and 

grassland in naturally regenerated forest were the main attractions for wildlife. In Bardia 

National Park (BNP) it was also recorded that wildlife number and species were more 

concentrated in newly regenerated riverine forest areas having grassland and wetland nearby 

those habitat. Therefore this finding was similar with the previous finding from Bardia 

National Park (Dinerstein, 1979a). High canopy cover of the tree and less disturbance from 

anthropogenic activities may be another cause of their preferences of those areas. 

 

Initial stage of management of BBZCF, the wildlife species were less than at current stage 

(Sharma and Chalise, 2012). After enhancing the conservation effort grazing of livestock 

inside the forest areas was controlled. The barbed wire fencing added with rhino proof 

trenches around the BBZCF prevents the livestock entry for free grazing. The reduction of 

free grazing helped to increase floral diversity from 34 species in 1994 to 103 species in 

2011. The increase in floral diversity may ultimately help to increase in faunal diversity. 
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The available plant species also incorporated different plants used as fodder by different 

herbivores. The study regarding the food plants of wild herbivores in Chitwan National Park 

and Bardia National Park were conducted in different phases (Laurie, 1978, Mishra, 1982, 

Moe, 1994, Jnawali, 1995, Khatri, 1999, Pokharel, 2002). Common fodder species for the 

wild herbivores are Trewia nudiflora, Litsea monopetala, Litsea lancifolia, Cynodon dactylon 

and Imperata cylindrica. This study indicates that the status of the common fodder plant 

species was improved from the initial phase of conservation in 1994 to present phase in 2011. 

The relative density of Trewia nudiflora, which is one major food for rhino, was increased 

from 10.3 to 17.02. The relative density of other common food species of the browser animal 

Litsea monopetala was increased from 0.2 to 0.6. This might have helped increase in number 

of wild animal in the study area. 

 

In the initial phase of conservation the natural forest area of BBZCF were covered from 

dense bushes of Bilaune (Litsea lancifolia) which is one common fodder of browser. During 

1995 this species was in bush form occurred only and its prominence value (PV) was 8.8 

(Sharma and Chalise, 2012). In the current study Litsea lancifolia has grown to a status of 

tree (>12 cm DBH) with relative density of 8.4. This reflects qualitative improvement in 

habitat. 

 

Two important fodder grass species for the grazers are Cynodon dactylon and Imperata 

cylindrica. In 1995 Cynodon dactylon was not reported but now it is one of the common 

species (PV = 21.5) found in the ground vegetation. The other fodder grass Imperata 

cylindrica was less prominent (PV = 0.6) in 1994 and it has became one of the most 

prominent (PV = 68.7) species in the ground flora of BBZCF (Sharma and Chalise, 2012). 

The improve status of the fodder species may also played positive role to increase the species 

and population of wild animals in the study area. 

 

In the early phase of the conservation 124.1 ha of forest space was available for wild animal. 

Local people used this forest as open grazing land and the forest was in degraded condition. 

Forest guards were not available and hence no regular patrolling in the forest. Now, the 

available space for the wild animal is increased to 215 ha. The forest guards (n = 6) of 

BBZCF are daily patrolling the area. In addition with the forest guards, the users� group 

members are also patrolling the forest area. The patrolling improved the security situation for 

wild animal, which also help to increase the diversity of fauna in BBZCF. 
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All grassland areas of BBZCF are short types (Lehmkuhl, 1989, Sharma, 1999), which are 

the good habitats for ungulates like spotted deer, sambar deer, barking deer and wild boar 

(Mishra, 1982). In contradict with the previous findings (Lauri, 1974, Jnawali, 1995) where 

rhino preferred flood plain tall grassland in CNP and BNP current result indicates they can be  

distributed in short grassland areas as well. This is due to the presence of some favorable 

microclimates, like oxbow lakes and waterholes nearby, and preferred food in the study area. 

 

Wildlife was distuributed mainly in the forested areas. The management regimes of those 

forests can be different according to the national legislation. The forest may incorporate 

protected areas or other forest land. Thus, the protected wildlife can also be distributed 

outside protected areas (Chalise, 2008) like in this study. 
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CHAPTER - VI 

POPULATION OF LARGE WILDLIFE 

 

Lowland (sub-tropical) region of Nepal is famous for charismatic and diverse form of 

wildlife. The riverine subtropical forest with flood plain adds its richness in biodiversity. The 

commercial demand and the local marginalized peoples� needs have exerted pressure that has 

led to decrease its densities and their population outside the protected areas. However, the 

community forestry programs established by government and managed by local people 

outside the protected areas are the last refuse of biodiversity and especially of larger 

mammals as large size fauna is the first choice of poacher. 

 

In 1963, the Baghmara forest was favorable habitat for tiger and rhinos and was also a 

hunting ground. Later due to extensive exploitation of the forest it was merely an 

unproductive barren wilder land for animals and plants. In 1988 Baghmara forest area was 

identified for conservation activities. At that time a few wildlife species existed but the 

information about them was scattered in different notes and papers. Although the 

conservation initiative started in 1989, BBZCF was officially institutionalized in 1994 under 

the legislation of Department of Forest (BCF, 1994). In 2003, this forest was registered 

according to buffer zone regulation based on the fourth amendment of the National Parks and 

Wildlife Conservation Act (in 1994). A systematic wildlife and vegetation study of this area 

was conducted first time in 1994 (NCRTC, 1995) and thereafter it was monitored on regular 

basis. After more than 20 years of conservation efforts a healthy forest area with different 

habitat types was created and some endangered flagship species and other common large 

wildlife species were re-colonized (NCRTC, 2000). 

 

Community conservation efforts have ameliorated the condition of BBZCF. The institutional 

engagement in the resource management and involvement of local stakeholders in process of 

conservation of the community forest, illegal grazing and collection of fuel wood and fodder 

and hunting was totally controlled that provided good environment for conservation of 

community forest including wildlife species inhibited there. 

 

This study is focused on the status of large mammalian population in pre and post community 

management period. The information on restoration of large mammalian and other wildlife 
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population during these 20 years has compared comprehensively. During the pre community 

management period less security added with the open grazing practices and available space 

was not supportive for the diversity of wild animal and their population. The study will 

describe the large mammalian species available in BBZCF and increase in their population 

during 1995 and 2011. 

 

METHODS 
 

Total complete count of animal was conducted once by direct visual counting technique 

(Witmer, 2005). In total count for every large animal available in the area were performed 

using elephant ride. To reduce the double counting and missing of some animal in count the 

enumerators were placed in such a way that they are able to see the enumerators in their left 

and right. 

 

The enumerator covered the entire forest by walking along the fixed bearing from one end 

(baseline) to another end of the forest and counting all the wildlife. In total 18 transects 

traversing the entire forest were prepared for the census. The size of transects was set in such 

a way that it can be covered by 18 enumerators, spaced at least a distance of 100 meters, 

within an hour. The animals were stalked and approached with minimum disturbance, 

counting and sex was confirmed by the help of binoculars. Three enumerators were waiting 

in the tree platform as vantage point at the end of forest to count the escape animal during 

census. 

 

This area was completely barbed fenced towards the three sides; only western part is 

bordered by river with no fence. Therefore, animals were driven in such a way that chances 

of escaping animals from the sight of enumerator were scarce. Considering entire community 

forest as one census unit, total count was performed to all the large wild animals. Prior to 

start briefing about the counting techniques and the area to be counted was delivered to all 

technicians. A starting point was identified and 23 technicians (including 5 elephant drivers) 

spaced at intervals of 100 meters were placed. They are instructed to move quietly through 

the jungle with compass bearing on hand and record sighted large wildlife. All technicians 

watches were set to the watch of the drive count coordinator. Data on time, species, age, sex, 

number and location with reference to the line of travel and direction of movement of the 

wildlife were recorded. Total counting of wildlife was conducted in early morning. During 
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counting the enumerators also take note of those animals which are seen to their left and 

right. Details of wildlife regarding approximate age, sex and other evidences were recorded. 

 

The collected information were analyzed by using Microsoft excel and Minitab version 15. 

Secondary data from other research works were also used for analysis. Wherever possible the 

collected data were analyzed by different statistical tests like means, medians, correlation and 

significant tests (Johnson and Bhattacharyya, 1996). Paired t-test was used to compare 

population size of wildlife in pre- and post- management period. The population increment 

factor was calculated by dividing the wildlife population of post-management by the wildlife 

population of pre-management regime. 

 

RESULTS 
 

The management periods as well as population of wildlife categories were evaluated on the 

basis of more than 20 years of conservation efforts. That included: a) pre-community 

managed period from 1989 to 2000, and b) post-community managed period from 2001 to 

2011. 

 

Population of prey species 

Prey species in BBZCF consists of barking deer (Muntiacus muntjack), hog deer (Axis 

porcinus), sambar (Cervus unicolor), spotted deer (Axis axis) and wild boar (Sus scrofa). 12 

resident barking deer, 2 hog deer, 23 sambar deer and 182 individuals of spotted deer are 

recorded (Tab. 6). 

 

Table 6 � Population with age and sex composition of prey species in the study area 
2011. 

Wildlife species 
Age / Sex / number Total 

number AM AF SM YAF JM JF Infant UN 

Axis axis 43 63 8 5 7 8 13 35 182 

Cervus unicolor 7 13 - 1 1 - 1 - 23 

Muntiacus muntjack 8 2 - - - - 1 1 12 

Sus scrofa - 1 - - 4 - - - 5 

Axis porcinus 1 1 - - - - - - 2 

Note: AM = adult male; AF = adult female; SM = sub-adult male; YAF = young adult female; JM = juvenile 

male; JF = juvenile female; UN = unidentified 
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Only one resident wild boar group is recorded from Baghmara Buffer Zone Community 

Forest. Total population of this species is five with more juvenile male (n = 4) and only one 

adult female. As wild boar group was recorded with juveniles that indicate presence of adult 

male but it could not be observed. 

 

Population of other wildlife 

Under this category non-human primates from terrestrial habitat and mugger and tortoise 

from wetland were included. Detail of population composition is given in table 7. 

 

Two species of monkeys are recorded during this study. However, only one resident male 

langur monkey (Semnopithecus entellus) is observed from this forest. This solitary male 

travels from nearby other forest frequently at day time. Rhesus monkeys (Macaca mulatta) 

are quite common and 8 troops are found symbiotically associated with spotted deer. 

 

Initially in 1995, only one marsh mugger (Crocodylus palustris) was recorded from the study 

area (NCRTC, 1995). One small wetland was managed in the center of the forest area and 

two marsh muggers were released in 1996. Their number increased to 29 individuals in 2000 

(KMTNC, 2001) and to 35 in 2011 and their resident habitats are found distributed all 

wetland areas inside Baghmara Buffer Zone Community Forest. Similarly, the population of 

water tortoise is increased to 25 from only one individual in 1995 (Tab. 7). 

 

Table 7 � Population with age and sex composition of other wildlife species in 2011. 

Wildlife species Groups 
Age / Sex / number Total 

number AM AF SM YAF JM JF Infant UN 

Macaca mulatta 8 11 19 9 18 4 11 - 4 76 

Crocodylus palustris NA - - - - - - - 35 35 

Kachuga dhongoka NA - - - - - - - 25 25 

Semnopithecus entellus NA 1 - - - - - - - 1 

Note: NA = Not available, AM = adult male; AF = adult female; SM = sub-adult male; YAF = young adult 

female; JM = juvenile male; JF = juvenile female; UN = unidentified 

 

Population of flagship species 

Two species under this category namely Royal Bengal Tiger (Panthera tigris) and Asian One 

Horned Rhinoceros (Rhinoceros unicornis), are recorded from the study area. Tiger is 

frequent visitor non-resident of area. A total of 3 rhinoceros are recorded from this forest area 
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with an adult male, an adult female, and a sub-adult male. In total 10 rhinos provided birth to 

baby inside this Baghmara Buffer Zone Community Forest till now. The status of wildlife 

species in pre and post community management regimes is given in table 8. 

 

Table 8 � Census of wild animals in pre and post management regimes (1995 to 2011). 

Name of 

wildlife 

Recorded year (1995 to 2011) 

Pre-community manage 

(1995-00) 

Post-community manage 

(2001-11) 

95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 

Spotted deer - - - - - - 24 - - - - - - - - - 182 

Rhesus monkey - - - - - - - - - - - - - - - - 76 

Sambar 1 - 1 - - - - - - - - - - - - - 23 

Barking deer - - - - - - - - - - - - - - - - 12 

Wild boar - - - - - - - - - - - - - - - - 5 

Rhino 3 2 2 2 - 2 1 - - - - - - - 6 3 3 

Hog deer - - - - - - - - - - - - - - - - 2 

Rhino calf born - 2 3 - 1 - - - - - - - - 1 1 1 1 

Tiger 1 1 1 1 1 1 1 - - - - - - 1 1 1 1 

Marsh mugger - - 3 - - - 29 - - - - - - - - - 35 

Water tortoise 1 - - - - - - - - - - - - - - - 25 

 

DISCUSSIONS 
 

Population of prey species 

During this study nine resident species of large wildlife species were recorded in BBZCF. 

Most of them were herbivores and found in groups. Tiger was a single individual in all the 

events. The previous study indicated that this area was quite favorable habitat for large and 

charismatic wild mammals (NCRTC, 1995). Before the fifties the heavy anthropogenic 

pressure in the form of hill migration, agriculture extension, overgrazing and illegal logging 

of trees, reduced the wildlife population heavily (NCRTC, 1990). 

 

Current study recorded four ungulate species, such as spotted deer, barking deer, hog deer 

and wild boar from Baghmara forest. There were no earlier reports about their presence in 

area. Barking deer are solitary animal and observed mostly single along the shady areas of 

dense forest habitat (Chalise, 2001). Any record regarding its presence and absence was 

lacking in the pre-management regime of this community forest. This area was much 
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disturbed due to heavy grazing by cattle of surrounding villages and other activities of local 

community that would have caused the disturbance or removal of wildlife during the pre 

management phase. 

 

Presence of hog deer in the study area indicates the availability of suitable habitats. Its 

general distribution indicate its solitary nature in alluvial grassland (Mishra, 1982), and the 

floodplain grassland of BBZCF. In the pre-management phase there was not a single record 

of this species in this area (NCRTC, 1995). Current monitoring result indicated its 

availability (n = 2) at the edge of oxbow lake rather than from floodplain. There was no 

report of sambar deer presence at the initial stage of community management (NCRTC, 

1995). Only one sambar deer was reported for the first time in the study area during 1995. 

Population count of this species was discontinued from its first record. The conservation of 

favorable habitats, like forests, grassland and wetlands inside the study area lead to increase 

(n = 23) the population of this mammal, in the post community management period (Tab. 8). 

 

The population of spotted deer seems a good in post-community regime whereas no 

residential spotted deer recorded during the initial phase of community forest management. 

They may be then frequent visitor from nearby Park Forest. Wildlife count in 2000, 

immediately after flooding, reported 24 spotted deer in the area (KMTNC, 2001). This was 

the first official record of this species from the Baghmara area. Then the systematic count of 

this species was the current study only after a decade, which recorded 182 individual spotted 

deer. Proper management of the available spaces (BBZCF, 2003), regular patrolling and 

permanent sources of water (KMTNC, 2001) in the area favor the wildlife to recolonize in the 

area. Density of five wild ungulates in the study area was 104.2 individuals/km2, more than 

two hundred times higher than in pre-community manage period (Tab. 8). The increment was 

mainly due to the remarkable increase the population of spotted deer and sambar deer as the 

habitat flourished. 

 

There was significant increase in prey species population in post-management than pre-

management phase (T = 2.01, p < 0.05, df = 9). In the study area population of wild ungulates 

was increased by a factor of 11.2 in 20 years of community forest management. The number 

of ungulates in the study area was 0.5 animals/km2 in 1995/1996 and increased to104.2 

animals/km2. Increase in abundance was due to remarkable change in population of all five 

ungulates (Tab. 8). The frequent patrolling from the forest guards and the users� group 
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members provided safeguard to the wildlife. Regular patrolling inside the forest helped to 

reduce the disturbances to the wildlife. Poaching of the ungulate species was not reported 

since its management from the community. These all factors in association with the improved 

condition of the habitats with regular sources of water favor to increase the abundance of 

wild ungulates in the study area. 

 

Population of other wildlife 

During the pre management phase of this community forest there was no report about the 

monkey, either common langur (Semnopithecus entellus) or rhesus (NCRTC, 1995). The 

availability of food plant seems to be the main cause of their presence in this forest (Chalise, 

2000). Attraction of those primate species in this community forest and availabilities of larger 

number indicated that their habitat became suitable and adequate after the management by the 

community. 

 

After conservation initiation of the area wetland habitat was also being improved. Illegal 

fishing by using poison and electric trappings are banned inside the community forest. The 

increase of marsh mugger crocodile and water tortoise population is due to the conservation 

of their favorable habitats reduced anthropogenic pressure and availability of food (Maskey, 

1999). Current finding revealed the similar result that there was significant increase in the 

population of marsh mugger and water tortoise in post-management (T = 5.49, p < 0.05, df = 

2) than the pre-management phase. 

 

Population of flagship species 

The area especially used for tiger hunting before the conservation initiation in 1957 as it was 

a prime habitat for those animals. Due to heavy hunting and habitat destruction Baghmara 

remained barren land until conservation effort started in 1989. Population increased due to 

mass migration of people around this area by the malaria eradication programme. During the 

initial wildlife study there was no report of the presence of any tiger in the Baghmara area 

(NCRTC, 1990). Later during 1997 a tiger killed the sambar deer and in 1998 one 

problematic tiger entered inside this forest and caused human casualties (KMTNC, 2001). 

After capturing this tiger there was no report of presence of any resident tiger. However, 

pugmark sign of the tigers were reported during a decade before (NCRTC, 2000). After this 

period the tiger�s presence signs were recorded but not a single resident seen physically 
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(KMTNC, 2001). During this study there were several signs of a male tiger that shows its 

presence and frequent movement through the Baghmara forest area. This indicates the 

suitability of habitat for tiger including sufficient number of prey species. Nevertheless tiger 

could not accommodate in the Baghmara forest, might be due to its small space (215 ha) and 

large tourist flow (average 266 tourist per day). 

 

Asian one horned rhinoceros (Rhinoceros unicornis) was one of the frequently observed large 

herbivore in this community forest. They were elsewhere also recorded from grassland, forest 

as well as wetland areas inside the community forest (Chalise, 2008). From current study a 

total of 3 rhinoceros were recorded from this forest area with an adult male, an adult female, 

and a sub-adult male. The sub-adult male was nearly 2.5 years old at the weaning stage. 

During the initial period of community management of this forest rhino was frequent visitor 

only (NCRTC, 1990). They were visiting from nearby Chitwan National Park, especially 

during monsoon when the park floodplain areas would heavily inundated from flood 

(NCRTC, 1995). Immediately after the community conservation initiatives these big 

herbivores started to reside in Baghmara forest. The availability of food plants like 

Saccharum spontanum and Litsea lancifolia with fewer disturbances from anthropogenic 

activities might have attracted this wildlife species to be resident in this forest. Other reason 

of rhino residency might be lack of resident large carnivores in the forest. Regular survey 

since 1995 indicated that the number of resident rhinos in the study area ranged from one to 

three within five years. However, the numbers of resident rhinos were fluctuating and the 

number of resident rhino was reduced to one during 2001 (KMTNC, 2001) (Tab. 8). 

 

During 2000 there was a heavy flood in the Rapti river system, which was one of the prime 

habitats of rhino. This flood inundated all floodplain areas inside National Park and some 

favorable habitats of rhinos were washed away (KMTNC, 2001). After that flood, Icharni 

Island which is one of prime habitat of rhino inside National Park where 22 rhino were 

resident (NCRTC, 1996), hardly can provide shelter for this charismatic wildlife. Baghmara 

forest was also inundated inside flood and there was no any movement for about a week 

(KMTNC, 2001). That flood disaster caused some human casualties too with loss of 

ungulates and impacted on the number of resident rhinos in the area. 
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CHAPTER - VII 

PREY STRUCTURE OF CARNIVORES 

 

A true predator is one which kills and eats another organism. Predation is a biological 

interaction where a predator gets benefit, a positive interaction, in the form of food and prey 

become food, a negative interaction. The key characteristic of predation is the predator's 

direct impact on the prey population. Predators may hunt actively for prey, or sit and wait for 

prey to approach within striking distance, as in ambush predators. Some animals kill both 

large and small prey of their size (Begon et. al, 1996). 

 

Successful predation results a gain of energy and hunting also involves energetic costs. When 

hunger is not an issue, most predators will generally not seek to attack prey since the costs 

outweigh the benefits. Costs and benefits are considered in energy gain per unit time. Social 

predation allows some animals to organize a hunt on prey that would easily escape a single 

predator. Social predation offers the possibility of predators to kill creatures larger than those 

that members of the species could overpower singly (Gopal, 1992). Size-selective predation 

involves predators preferring prey of a certain size. Large prey may unmanageable for a 

predator, while small prey might prove hard to find and in any case provide less of a reward. 

This has led to a correlation between the size of predators and their prey. Size may also act as 

a refuge for large prey (Caro, 1986). 

 

The population of the predator depends on the population of prey species. Usually the 

abundance prey occurs in and predation is density dependent. It helps to promote diversity in 

prey species. The tiger is one of the large terrestrial predators among the mammals of Asia 

including Nepal. The third largest terrestrial mammalian carnivore of this continent is 

leopard. They are specialized predator of large ungulates predominantly (Sunquist et. al, 

1999). There is diversity of prey species of the tiger in this region. The prey species range 

from the small size porcupine to large size deer sambar. Although they are taking diverse 

animals as their prey, the main prey species of tiger in Chitwan National Park are Axis axis, 

Cervus unicolor, Axis porcinus, Muntiacus muntjak, and Sus scrofa (Karki, 2011). 

 

Leopards are versatile and opportunistic hunters. They have very diverse diets. They are 

eating rodents, reptiles, ungulates, amphibians, insects, primates, birds, fish, and sometimes 
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smaller predators (like bat-eared foxes, martens and jackals). Their main diet consists of 

ungulates and monkeys (Nowell and Jackson, 1996). 

 

METHODS 
 

A year round, (April 2010 to March 2011) monitoring of the wild prey species with the help 

of two observers were conducted in the study area. During monitoring they were following 

the set transects. While traversing through transects they recorded the observation of the total 

number of wildlife seen in a group and numbers in different sex, age classes with weather 

condition, location, behavior, activities and time. Total count of wildlife in the study area was 

conducted once by applying direct visual counting techniques (Gopal, 1992). The biomass of 

ungulate species was calculated on the basis of already published data. Total weights of 

different species were calculated by multiplying the weight of the species, referred from the 

published literature, with total number of individuals (Sunquist et. al, 1999, Wegge et. al, 

2009). 

 

Extensive direct observations were used to find out the social structure of wildlife. As the 

water supplies and suitable feeding areas are not highly localized in the study area, 

observation from fixed point seems unsuitable. Dense vegetation and movement of predators 

and rhino makes observation from fixed point is relatively unprofitable. So, the observations 

were made by traversing quietly through the forest along a grid of 2 meter wide. The total 

length of transect was 68 km. Each sighting was recorded in predesigned data sheets. The 

date, time, species, and activity first sighted was recorded in the sheet. Daily wildlife 

observation lasted up to 8 hours. 

 

The term �group� applies to all units of animals seen in one sighting very close to each other 

and doing social activities closely. Different criterions used for ageing and sexing to the 

ungulate species apply Mishra (1982). Aging and sexing criterions for rhino used as 

described by Laurie (1978) and for rhesus by Chalise (2000a, 2001). The detailed of those 

criterions used for different wildlife were as follows: 

 

Spotted deer 

Four age class were recognized in the field (Mishra, 1982). They were: 
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a) Juvenile and fawn: Fawns are 1 to 30 days old approximately, having longish hair than to 

the size of their mother�s hair. When standing beside their mothers, the level of fawn�s 

backs was below the level of their mother�s belly. Juveniles are approximately one to 12 

months old and were distinguished from fawn by their smooth coat and their size was 

intermediate between fawns and yearlings. 

 
b) Yearlings or sub-adults: They are 12 months to 24 months of age. Yearling males stood 

approximately 40-50 cm and females were 30-40 cm at shoulder height. Yearling males 

also exhibited small humps on their frontal bones and in most cases spike antlers were 

visible. 

 
c) Adults: They are over 2 years of age and can be distinguished from yearlings by their 

size. In males antlers size and branches also indicates adulthood while female that looks 

large and mature than yearlings. 

 

Hog deer 

The criterion used for spotted deer was also adopted for Hog deer. Fawns of hog deer has 

piglet-like movement and have prominent spots on their coat with longish hair less glossy 

than juveniles. Yearlings had faint spot along their back and are not prominent in adults. 

 

Sambar 

Spots in the coat is absent in fawn. They are paler than juveniles. The fawn is considered 

when new born is less than two months old and juveniles are between 2-12 months of age. 

The sub-adult/yearlings can be easily distinguished from the adult. 

 

Barking deer 

Young barking deer have prominent spot on their coat and difficult to distinguish fawn from 

juvenile. Young seen with prominent spots were considered to be less than 6 months old. 

Those having a few or faint spots were considered as yearlings. 

 

Wild boar 

Young wild boars have prominent spot in their coat. The yearlings can be easily distinguished 

from juveniles and fawns because they remain in families. The adults are readily 

distinguished from the size and the black coat color. 
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Rhino 

Three age class were recognized in the field (Laurie, 1978). They were: 

a) Calf: The ages of below three years of old are calf. The height of rhino calf is below 1.35 

m and they are with their mother. Horns are less than 8 cm length and looks like 

protruded muscle. 

 
b) Sub-adult or yearling: They are 3-9 years old and not dependent to mother. The horn 

length is 8-18 cm. The neck folds and bib are more pronounced. They have less height 

than the adult. 

 
c) Adults: The adults are easily distinguished from their height, ranges from 160-183 cm. 

Their horns measured up to 45 cm. The adult females are usually associated with calf. 

 

Rhesus monkey 

Four age class were categorized in the field (Chalise, 2000a, 2001). They were: 

a) Infants: They are in the stage that still depends on nipple feeding for their main food. 

Very young infants are always clinging on breast while a little grown up one are 

frequently clinging to their mothers for movement and security and sometime ride on the 

back. 

 
b) Juveniles: The juveniles are the individuals that are left nipple contact (weaned) and 

depend on natural foods. They play a lot between same age groups. 

 
c) Young and sub-adults: They are those who attained the height of adulthood, however, not 

matured enough in body fitness and reproductive activities. They are grown up and 

independent. 

 
d) Adults: The adults are those who attained the maximum height and body maturity. Adult 

males were distinguished by descended reddish scrotal sacs, prominent sitting pads, large 

skull, a bit flat head and adult females by the presence of dome shaped head, protruded 

nipple and red sex skin. 

 
Animal were classified as unknown age category when field conditions or the reactions of the 

animals disguise the clear vision of animal. Number of individual wildlife observed everyday 

added for a year was considered their observed number. The status of wild animals was 
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assigned based on following criteria. The wildlife observed in each visit during the survey 

was considered as common species. The wild animal which observed once or twice a week 

during the monitoring was considered as frequent. That wildlife observed once or twice per 

month during the monitoring was assumed as less frequent. 

 

RESULTS 
 

Year round daily monitoring of wildlife is conducted from April 2010 to March 2011. The 

description on general information regarding the monitoring schedule and duration and 

weather condition during the study period is given below. 

 

Patrolling for the wildlife monitoring is undertaken for 298 days in a year. Total time spent in 

the forest for monitoring is 895 hours and 26 minutes. 52.5% monitoring is conducted in 

morning (before 12:00) and 47.5% monitoring in afternoon (after 12:00). During the visit no 

wildlife are observed for 4.7% days. Monitoring is conducted in different weather conditions. 

70% of monitoring is conducted in sunny/clear weather condition, 17% in foggy, 11% in 

cloudy and 2% in rainy weather (Fig. 7).  

 

Figure 7 � Weather condition during the observation period. 
 

Status and composition of wildlife species 

The mosaics of different vegetation and other landscape in BBZCF provided suitable habitats 

for different wildlife species. During daily observations 30 different species of wildlife are 

recorded in BBZCF. Among reported wildlife 24 species are mammals and 6 species are 

reptiles. Most of these wildlives are directly observed and only one is identified by signs. 
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Among observed wildlife, six species are listed as endangered, five species are listed as 

vulnerable and three species are listed as near threatened in IUCN red list of threatened 

species. Five species of recorded wildlife are listed as nationally protected animals (Tab. 9). 

 

Table 9  � Wildlife species recorded in BBZCF and their status. 
SN Common name Scientific name Means of observation DNPWC IUCN 

1. Asiatic elephant Elephas maximus Direct observation PR EN 

2. Barking deer  Muntiacus muntjak Direct observation -- -- 

3. Bengal fox Vulpes bengalensis Direct observation -- -- 

4. Bengal tiger  Panthera tigris Signs PR EN 

5. Common leopard  Panthera pardus Direct observation -- NT 

6. Five-stripe palm squirrel Funambulus pennantii Direct observation -- -- 

7. Golden jackal  Canis aureus Direct observation -- -- 

8. Hanuman langur  Semnopithecus entellus Direct observation -- -- 

9. Hog deer  Axis porcinus Direct observation -- EN 

10. House rat  Mus musculus Direct observation -- -- 

11. Indian crested porcupine  Hystrix indica Direct observation -- -- 

12. Indian grey mongoose  Herpestes edwardsii Direct observation -- -- 

13. Indian hare (Rufous-tailed) Lepus nigricollis Direct observation -- -- 

14. Jungle cat  Felis chaus Direct observation -- -- 

15. Large Indian civet  Viverra zibetha Direct observation -- NT 

16. One-horned rhinoceros  Rhinoceros unicornis Direct observation PR VU 

17. Rhesus macaque  Macaca mulatta Direct observation -- -- 

18. Sambar deer  Cervus unicolor Direct observation -- VU 

19. Sloth bear  Ursus ursinus Direct observation -- VU 

20. Small Asian mongoose Herpestes javanicus Direct observation -- -- 

21. Small Indian civet  Viverricula indica Direct observation -- -- 

22. Smooth coated otter  Lutrogale perspicillata Direct observation -- VU 

23. Spotted deer  Axis axis Direct observation -- -- 

24. Wild boar Sus scrofa Direct observation -- -- 

25. Ghariyal crocodile Gavialis gangeticus Direct observation PR EN 

26. Golden monitor Varanus flavescens Direct observation -- -- 

27. Land tortoise Testudo elongata Direct observation -- EN 

28. Marsh mugger Crocodylus palustris Direct observation -- VU 

29. Python Python molurus Direct observation PR NT 

30. Water tortoise Kachuga dhongoka Direct observation -- EN 

Note: PR = Protected; EN = Endangered; VU = Vulnerable; TH = Threatened 
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The monitoring of the common prey species for large carnivores is conducted in daily basis. 

The monitored species includes Axis axis, Cervus unicolor, Axis porcinus, Muntiacus 

muntjak, Macaca mulatta, Rhinoceros unicornis, and Sus scrofa. Some predators and 

scavengers encounter during the monitoring are also recorded. In one year survey 298 visits 

are made in the study area. In these visits no wildlife are observed in 14 events. During the 

whole monitoring period a total of 2603 individuals (observe population) of the mentioned 

wildlife incorporated 253 groups and 88 individuals are observed. The highest number of 

wildlife observed during monitoring is spotted deer followed by rhesus monkey. The sighting 

frequencies are highest during the month of December (Tab. 10). 

 
Table 10 � Number of wildlife species with their age and sex, number of group recorded 

in the area. 

Species AM AF SM SF JM JF UN Total no 
observe Freq. 

Average 
number  
observe 

Group 
observe 

Individual 
observe 

Spotted deer 266 338 35 27 1 93 446 1206 90 13.4 124 9 

Rhesus monkey 246 357 102 151 50 100 62 1068 56 19.1 50 8 

Wild boar 19 30 5 0 2 13 59 128 29 4.4 24 5 

Sambar deer 14 44 3 1 0 10 8 80 30 2.7 23 17 

Rhino 12 19 3 2 4 7 2 49 28 1.8 17 13 

Barking deer 22 22 0 0 0 2 0 45 29 1.6 10 21 

Hog deer 11 11 0 0 0 0 0 22 17 1.3 4 13 

Jackal 1 2 0 0 0 0 0 3 2 1.5 1 1 

Leopard 0 0 0 0 0 0 1 1 1 1.0 0 1 

Tiger sign 2 0 0 0 0 0 0 1 2 0.5 0 0 

No observation 0 0 0 0 0 0 0 0 14 0.0 0 0 

Total 380 512 48 31 7 125 1502 2603 298 8.7 253 88 

 

 

In a year round study a total of 17 groups and 13 individual rhinoceros are observed. The 

average number of rhino observed in each visit is 1.8 individual. More rhinoceros are 

observed during August and less number are observed during post monsoon season mainly 

from October to December (Fig. 8). The frequency of observation during the study period is 

28 (Annex 7). 

 



Figure 8  � Number of monthly observed Rhinos
 

From the study area 80 individuals of sambar deer are observed. The frequency of sambar 

observation is 30. The average number of sambar deer observed is 2.7 individuals per visit

They are accumulated in 23 groups and 17 individuals (Annex 8). The maximum 

sambar are observed in February and sambar is absent during July and December (Fig. 9).

 

Figure 9 � Monthly observed number of Sambar deer
 

The spotted deer is the more frequently observed species. 

individuals of spotted deer are observed. The frequency of spotted deer observation is 90. 

Among them 9 are individual and rest are accumulated in 124 groups. 

spotted deer observed from the study area is 1

spotted deer are observed in December (Fig. 10). In this month 261 individual spotted deer 

are observed in 12 visits. Similarly, less number of spotted deer is reported from the month of 

September. In this month 14 individuals are observed in 4 visits (Annex 9).
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Number of monthly observed Rhinos. 

From the study area 80 individuals of sambar deer are observed. The frequency of sambar 

The average number of sambar deer observed is 2.7 individuals per visit

They are accumulated in 23 groups and 17 individuals (Annex 8). The maximum 

sambar are observed in February and sambar is absent during July and December (Fig. 9).

Monthly observed number of Sambar deer. 

The spotted deer is the more frequently observed species. During the study period 1206 

individuals of spotted deer are observed. The frequency of spotted deer observation is 90. 

Among them 9 are individual and rest are accumulated in 124 groups. The average number of 

spotted deer observed from the study area is 13.4 individuals per visit. Maximum numbers of 

spotted deer are observed in December (Fig. 10). In this month 261 individual spotted deer 

are observed in 12 visits. Similarly, less number of spotted deer is reported from the month of 

h 14 individuals are observed in 4 visits (Annex 9). 
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The average number of sambar deer observed is 2.7 individuals per visit. 

They are accumulated in 23 groups and 17 individuals (Annex 8). The maximum numbers of 

sambar are observed in February and sambar is absent during July and December (Fig. 9). 

 

During the study period 1206 

individuals of spotted deer are observed. The frequency of spotted deer observation is 90. 

The average number of 
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spotted deer are observed in December (Fig. 10). In this month 261 individual spotted deer 

are observed in 12 visits. Similarly, less number of spotted deer is reported from the month of 
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Figure 10  � Number of monthly observed Spotted deer
 

From BBZCF 128 individuals of wild boars are observed. The frequency of wild boar 

observation is 29. The average number o

4.4 individuals. The observed numbers are accumulated in 24 groups and 5 individuals. The 

maximum numbers of individual wild boars are observed in February (Fig. 11). In this month 

23 individual wild boars are observed during 4 visits in the forest (Annex 10).

Figure 11 � Monthly observed number of Wild boar
 

Hog deer is only observed during last three months, viz October, November and December 

during 2010 from BBZCF. The average number of hog deer observed from the study area is 

1.3 individuals per visit. A total of 22 individual hog deer are observed. The frequency of hog 

deer observation is 17. Maximum number of hog deer (observe population) is observed 

during November (Fig. 12). In this month 10 individual hog deer are observed during 9 visits 

in the study area (Annex 11). 
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Number of monthly observed Spotted deer. 

From BBZCF 128 individuals of wild boars are observed. The frequency of wild boar 

The average number of wild boar observed in each visit of the study area is 

The observed numbers are accumulated in 24 groups and 5 individuals. The 

maximum numbers of individual wild boars are observed in February (Fig. 11). In this month 

boars are observed during 4 visits in the forest (Annex 10). 

Monthly observed number of Wild boar. 

Hog deer is only observed during last three months, viz October, November and December 

The average number of hog deer observed from the study area is 

A total of 22 individual hog deer are observed. The frequency of hog 

aximum number of hog deer (observe population) is observed 

er (Fig. 12). In this month 10 individual hog deer are observed during 9 visits 
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Figure 12 � Number of monthly observed Hog deer. 
 

Barking deer is the smallest deer observed in the study area. A total of 45 individual barking 

deer are observed in 29 visits during one year study period. The average number of barking 

deer observed in each visit is 1.6 individuals. The observed numbers are accumulated in 10 

groups and 21 individuals. The maximum numbers (n = 10) of this deer are observed in 

February (Fig. 13). A total of 10 individual deer are observed during 5 visits in this month. 

There is no observation of barking deer during May, November and December months 

(Annex 12). 

 

 

Figure 13 � Number of monthly observed Barking deer. 
 

Rhesus monkey and hanuman langur are two primate species observed in study area. A total 

of 1068 individual rhesus monkey (observe population) are observed. The frequency of 

rhesus observation is 56. The rhesus monkey was more commonly observed wildlife in the 

study area. The average number of rhesus monkey observed from the study area is 19.1 

individuals per visit. The maximum number (n = 214) is observed in November (Annex 13). 

There is no observation of rhesus monkey from the study area in February (Fig. 14). 
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Figure 14 � Monthly observed number of Rhesus monkey. 
 

Monthly average number observed 

The average number of ungulate observed in each month is 7.6 individuals. The observe 

numbers are higher (> 8 individuals) in four months of the year and lower in the rest of 

months. The average observed numbers are lowest during summer and winter months. The 

low numbers are due to poor visibility. 

 

 

Figure 15 � Monthly average number of wild ungulates observed. 
 

Total wildlife 

In complete count 300 individuals of wildlife (realized population) are recorded from BBZCF 

(Chapter VI). Among the recorded wildlife population of spotted deer is highest (n = 182) 

and hog deer is the lowest number of wildlife recorded, n = 2 (Tab. 11). 
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Table 11 � Age and sex structure of recorded ungulates and primate during total count. 

Wildlife species 
Age / Sex / number 

Total number 
AM AF SM YAF JM JF Infant UN 

Spotted deer 43 63 8 5 7 8 13 35 182 

Rhesus monkey 11 19 9 18 4 11 - 4 76 

Sambar deer 7 13 - 1 1 - 1 - 23 

Barking deer 8 2 - - - - 1 1 12 

Wild boar - 1 - - 4 - - - 5 

Hog deer 1 1 - - - - - - 2 

Note: AM = adult male; AF = adult female; SM = sub-adult male; YAF = young adult female; JM = juvenile 
male; JF = juvenile female; UN = unidentified sex and age 

 

Biomass of ungulates and primates 

Total biomass of main ungulates and primate in BBZCF is 15,966 kg. The total biomass of 

main ungulate species in the study area is 15,396 kg. The average ungulate biomass of the 

study area is 7,160.9 kg/km2 (Tab. 12). 

 

Table 12 � Number of ungulates and primates recorded with their total and average 

biomass. 

Species Number Average weight (kg)* Total weight (kg) Average weight (kg km-2) 

Spotted deer 182 55 10,010 4,655.81 

Sambar deer 23 212 4876 2,267.91 

Rhesus monkey** 76 7.5** 570 265.12 

Barking deer 12 20 240 111.63 

Wild boar 5 38 190 88.37 

Hog deer 2 40 80 37.21 

Total 15,966 7,426.05 

Note: *average weight according to Sunquist et. al. 1999,    **average weight according to Dr. M. K. Chalise pers. comm. 

 

DISCUSSIONS 

 

The large predators of the study area were tigers and leopards. Among the ungulates, the 

medium-sized chital was the most abundant ungulate. More solitary and smaller ungulate hog 

deer is less frequent and observed along the courses of wetland. Smallest, solitary, forest-

dwelling barking deer was distributed in forest areas. Less common ungulate in the study area 

was wild boar which was observed in grassland and forest areas. Largest forest-dwelling 
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ungulate of the study area was sambar which was frequently observed in the study area. The 

wildlife sighting in the study area is influenced from the surrounding forest areas. In 

December the Chitwan National Park (CNP) opens for seven days to the local residents to 

collect the grasses. During the grass collection more than 50,000 people entered to CNP per 

day. These activities will disturb the wildlife and they move to the nearby undisturbed areas. 

December is one of the coolest months (Fig. 2) in the area. During this month wild animal 

may come to the open space for sun basking. So, the average numbers of observed wildlife 

are more in those months. 

 

Forest fire is quite common in the lowland Nepal during hot and dry months (March and 

April). During the forest fire wildlife may escape for the secure sites. This area is more secure 

than the surrounding due to having riverine forest added with the regular patrolling. The 

escape wild animal may refuge in this site during those fire prone months and their observed 

number may increase during that period. During June to September almost all the plain areas 

of Chitwan National Park are inundated due to monsoon rainfall. The banks of the oxbow 

lakes and adjoining areas are inundated in the water too. Wild animal take refuge to nearby 

upland areas during monsoon time. The study site is less inundated and wildlife may refuge 

in this area during monsoon months. Flooding around the study area affected the monthly 

observed wildlife number during the monsoon period. So, the observation during monsoon 

season was higher than summer and winter period. 

 

The study by Karanth et. al. (1999) found that well-protected moist zone forests support 

much higher biomass densities (8,954 kg/km2) of ungulate prey. The biomass of ungulate 

prey in the study area was 7,160.9 kg/km2 which is less than 1,793 kg/km2 of the highest 

density recorded in the earlier study. So, this study indicated that there are still rooms for the 

increment of ungulate biomass in the study area and Baghmara forest has not yet reached to 

the carrying capacity. The ecological densities (animals/km2) of some ungulates like spotted 

deer (84.7 individuals/km2) and sambar (10.7 individual/km2) were higher than the reported 

Karanth et. al. (1999). The study at Nagarahole, the ecological density of spotted deer was 

66.2 individuals/km2 and that of sambar was 4.4 individuals/km2. The main cause of the 

increase in ecological density should be the less frequent visit of large carnivores. 
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The basic components of the wildlife habitat are food, cover, water and space. Primary 

productivity of any habitat based on available plant species. Productivity of foods plants for 

wild herbivores are more on flood plain areas. The other components of habitat together with 

food provide the favourable place for wildlife. Although BBZCF is small in area however 

harbors different species of wildlife. The mosaics of different habitat including grassland, 

wetland, and forests with diversity of flora made it possible to be good habitat for such 

diverse wildlife. In the plantation areas (26 ha) inside the BBZCF no wildlife were observed 

during a year round study. That may be due to having less understory layer, which provided 

good hiding places for the wildlife and less food items available in the area. Among the 

observed wildlife 46.6% (n = 14) are listed in IUCN red list of threatened species. Among 

these species 16.7% (n = 5) are listed as nationally protected species by National Parks and 

Wildlife Conservation Act (1973). So, from conservation point of view BBZCF is quite 

important habitat for biodiversity conservation. 
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CHAPTER - VIII 

BEHAVIORAL ACTIVITIES OF WILDLIFE GROUPS 

 

Animals exhibit interspecific, intraspecific interactions as well as with the environment. The 

exploration of their relationship and the process of interaction to their physical environment 

and to other organisms provided basis for behavioral study. The causes of behavior include 

both the external stimuli and the internal mechanisms. The functions of behavior include its 

immediate effects on animals and its adaptive value in helping animals to survive or 

reproduce successfully in a particular environment. The environments which mainly 

influence the behaviors of wildlife are habitat quality and climate (Gopal, 1992). 

 

The subtropical monsoonal climate added with the river deposited alluvial plain favors to 

have different habitat types in the area (Sharma et. al, 2011). The habitat dynamics in the area 

is shaped and influenced from the annual monsoon flood. Based on the available habitats and 

its conservation efforts the population and types of available wildlife differs (Sharma and 

Chalise, 2012). Forests, grassland and wetland are the available habitats in the study area. 

These habitats not only provided the space but also the good sources of food for them. 

 

Both plantation and naturally regenerated forests are available in the area. The wildlife 

mainly accumulated in the naturally regenerated forest (Sharma et. al, 2011). The grassland 

and wetland provided good sources for food and water. 

  

Conservation efforts since 1989 have brought significant ecological changes in the forest 

system and socio-economic status of the local community. Improved ecological conditions 

have reflected the occurrence of diverse species of wildlife. The continued eco-tourism with 

large number of tourist flow inside forest might have affected the behavior of wild animals. 

These effect need to be quantified and assessed. This study has tried to analyze the behavior 

of large mammals in the area. 

 

METHODS 
 

Observations from fixed places were utilized to observe wildlife behavior. Field studies were 

conducted on daily basis from 1st April 2010 and completed on 31st March 2011. Five 
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observers collected focal and ad lib data (Altman 1974). The behaviors of studied wildlife 

were recorded by scan sampling for one minute at interval of 30 minutes. Active and adult 

individual in group, either male or female, was considered as focal animal (Martin and 

Bateson, 1993). Interesting behaviors of the group members were recorded whenever they 

were observed. Observed diurnal behaviors of studied wildlife were recorded on six 

parameters namely feeding, resting, defense (running or tree climbing up), walking, digging, 

and playing (Martin and Bateson, 1993, Chalise, 1995): 

 

Feeding: Foraging and feeding activities, eating, chewing, swallowing or not. 

Resting:  Sleeping and sitting activities, leg relaxed, body touch ground or tree. 

Defense:  Running/escape or tree climbing up/down activities due to disturbances. 

Walking:  Moving without eating. 

Digging:  Digging the land for some purpose. 

Playing:  Enjoyable activities, body touch or follow, head, leg, body movement. 

 

For simplicity grazing and feeding with movement were categorized as feeding. Similarly, 

escape behavior, like running of the ungulates and climbing on tree of the rhesus, from 

disturbances were grouped as defense. Food habits were discerned by direct observation 

during the scan sampling. Field study was conducted 25 days per month (n = 300 days in one 

year). Daily observations lasted up to 8 hours. Observation period was divided in three 

sessions. Morning session started from 6:00 to 10:00 am, afternoon session from 12:00 to 

3:00 pm and evening session from 4:00 to 6:00 pm. Among 300 observation 123 events 

(41%) were conducted in the morning, 84 events (28%) were conducted in day, and 93 events 

(31%) were conducted in the evening. 

 

RESULTS 
 

In one year study period, total direct contact time with the wildlife for behavior study is 310 

hours (18,000 minutes). The behavior study is conducted only in day time. During the study, 

more contact time is for spotted deer (54.7%) and least time for sambar (5.1%) (Fig.16). 

Barking deer being nocturnal species (Dinerstein, 1980) used 57.4% diurnal time for feeding. 

During feeding they use 40.8% time for feeding with movement and 59.2% time for grazing. 

They utilize the remaining time for walking 39.2%, defense (running) 2.9% and resting 0.5% 

(Fig. 17). 



Figure 16 � Observation time (%) for behavior of different wildlife species
 

In feeding with movement average feeding schedule is 2 grabs per minute. While in the 

grazing average feeding schedule is 10 grabs per minute. Food plant species and feeding time 

devoted on them is Cynodon dactylon

cylindrica (16.7%), Digitaria ciliaris

 

Figure 17 � Diurnal time budget and different activities for Barking deer
 

Spotted deer utilize 47.0% of their diurnal time for rest. They are found to spend 42.0% of 

their time for feeding, 6.0% for walking and 5% for defense (running) (Fig. 18). On the total 

feeding period they sped 79% time for feeding with movement and 21% ti

During feeding with movement average grabs per minute is 7.7 and that is 14.7 during 

grazing. They eat ten species of plants. Among those species more frequent species by eat are 

Cyanodon dactylon (29.4%), Ageratum conyzoides

(Annex 14). 
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Observation time (%) for behavior of different wildlife species. 

In feeding with movement average feeding schedule is 2 grabs per minute. While in the 

grazing average feeding schedule is 10 grabs per minute. Food plant species and feeding time 

Cynodon dactylon (33.3%), Ageratum conyzoides (16.7%), 

Digitaria ciliaris (16.7%) and Rungia parviflora (16.6%). 

 

Diurnal time budget and different activities for Barking deer. 

Spotted deer utilize 47.0% of their diurnal time for rest. They are found to spend 42.0% of 

their time for feeding, 6.0% for walking and 5% for defense (running) (Fig. 18). On the total 

feeding period they sped 79% time for feeding with movement and 21% time for grazing. 

During feeding with movement average grabs per minute is 7.7 and that is 14.7 during 

grazing. They eat ten species of plants. Among those species more frequent species by eat are 

Ageratum conyzoides (20.6%), and Imperata cylindrica
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In feeding with movement average feeding schedule is 2 grabs per minute. While in the 

grazing average feeding schedule is 10 grabs per minute. Food plant species and feeding time 

(16.7%), Imperata 

Spotted deer utilize 47.0% of their diurnal time for rest. They are found to spend 42.0% of 

their time for feeding, 6.0% for walking and 5% for defense (running) (Fig. 18). On the total 

me for grazing. 

During feeding with movement average grabs per minute is 7.7 and that is 14.7 during 

grazing. They eat ten species of plants. Among those species more frequent species by eat are 

mperata cylindrica (20.6%) 



Figure 18 � Diurnal time budget and different activities for Spotted deer
 

Wild boars are spending more diurnal time (47%) for feeding. During feeding they spend 

89% time for feeding with movement and 11% time for grazing. They utilize the other time 

for defense (running) 17%, walking 11%, resting 19% and digging 6% (Fig. 19).

 

Figure 19 � Diurnal time budget and different activities for Wild boar
 

 

Behavior observations reveal that rhino spend more diurnal time (75%) for feeding. During 

feeding they spend 91% time for feeding with movement and 9% time for grazing. They 

utilize other time for walking (7%) and resting (18%) (Fig.

grazing sites in BBZCF, rhino are found to eat seven species of grass. Among them 

dactylon is more frequently eating grass species (27.3%) followed by 

(18.2%) and Imperata cylindrica
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Diurnal time budget and different activities for Spotted deer. 

Wild boars are spending more diurnal time (47%) for feeding. During feeding they spend 

ovement and 11% time for grazing. They utilize the other time 

for defense (running) 17%, walking 11%, resting 19% and digging 6% (Fig. 19).

 

Diurnal time budget and different activities for Wild boar. 

observations reveal that rhino spend more diurnal time (75%) for feeding. During 

feeding they spend 91% time for feeding with movement and 9% time for grazing. They 

utilize other time for walking (7%) and resting (18%) (Fig. 20). From direct observation of

grazing sites in BBZCF, rhino are found to eat seven species of grass. Among them 

is more frequently eating grass species (27.3%) followed by Callicarpa microphylla

Imperata cylindrica (18.2%) (Annex 14). 
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Wild boars are spending more diurnal time (47%) for feeding. During feeding they spend 

ovement and 11% time for grazing. They utilize the other time 

for defense (running) 17%, walking 11%, resting 19% and digging 6% (Fig. 19). 

 

observations reveal that rhino spend more diurnal time (75%) for feeding. During 

feeding they spend 91% time for feeding with movement and 9% time for grazing. They 

20). From direct observation of 

grazing sites in BBZCF, rhino are found to eat seven species of grass. Among them Cynodon 

Callicarpa microphylla 



Figure 20 � Diurnal time budget and different activities for Rhino
 

Rhesus monkey utilize 42% diurnal time for feeding (Fig. 21). They spend their other time 

for playing (19%), defense (running and tree climbing up) (18%), resting (15%) 

(6%). Rhesus is mostly terrestrial and the energy expenditure for climbing trees as supposed 

to be considered. They are climbing up the tree for special reason either for security or 

specific clumped food. They are found to spend 7% time for cl

 

Figure 21 � Diurnal time budget and different activities for Rhesus monkey
 

Sambar used to spend more diurnal time (55%) for feeding (Fig. 22). During feeding they 

spend 45% time for grazing and 55% time for 

diurnal time for resting (35%), walking (7%) and defense (running) (3%).
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Diurnal time budget and different activities for Rhino. 

Rhesus monkey utilize 42% diurnal time for feeding (Fig. 21). They spend their other time 

for playing (19%), defense (running and tree climbing up) (18%), resting (15%) 

(6%). Rhesus is mostly terrestrial and the energy expenditure for climbing trees as supposed 

to be considered. They are climbing up the tree for special reason either for security or 

specific clumped food. They are found to spend 7% time for climbing the tree. 

 

Diurnal time budget and different activities for Rhesus monkey.

Sambar used to spend more diurnal time (55%) for feeding (Fig. 22). During feeding they 

spend 45% time for grazing and 55% time for feeding with movement. They utilize other 

diurnal time for resting (35%), walking (7%) and defense (running) (3%). 
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Rhesus monkey utilize 42% diurnal time for feeding (Fig. 21). They spend their other time 

for playing (19%), defense (running and tree climbing up) (18%), resting (15%) and walking 

(6%). Rhesus is mostly terrestrial and the energy expenditure for climbing trees as supposed 

to be considered. They are climbing up the tree for special reason either for security or 

. 

Sambar used to spend more diurnal time (55%) for feeding (Fig. 22). During feeding they 

feeding with movement. They utilize other 



Figure 22  � Diurnal time budget and different activities for Sambar

 

Hog deer use more diurnal time (44%) for w

23). For feeding they use more time in feeding with movement (93.5%) than grazing (6.5%). 

They utilize other time for resting (24%) and defense (running) (6%).

 

Figure 23 � Diurnal time budget and different activities for Hog deer

 

Among the studied animal barking deer, rhino, wild boar, rhesus monkey and sambar deer 

spend more time on feeding. Hog deer are spending more diurnal time on walking and 

spotted deer are using more time for
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Diurnal time budget and different activities for Sambar. 

Hog deer use more diurnal time (44%) for walking and 26% diurnal time for feeding (Fig. 

23). For feeding they use more time in feeding with movement (93.5%) than grazing (6.5%). 

They utilize other time for resting (24%) and defense (running) (6%). 

 

me budget and different activities for Hog deer. 

Among the studied animal barking deer, rhino, wild boar, rhesus monkey and sambar deer 

spend more time on feeding. Hog deer are spending more diurnal time on walking and 

spotted deer are using more time for rest (Fig. 24). 

FEEDING
55%

WALKING
7%

FEEDING
26%

RESTING
24%

DEFENSE
6%

 

alking and 26% diurnal time for feeding (Fig. 

23). For feeding they use more time in feeding with movement (93.5%) than grazing (6.5%). 

 

Among the studied animal barking deer, rhino, wild boar, rhesus monkey and sambar deer 

spend more time on feeding. Hog deer are spending more diurnal time on walking and 



Figure 24 � Comparison of time spent (%) in diurnal activities by different animals
 
 

DISCUSSIONS 

 

Barking deer found to spend comparatively more time (57.4%) on feeding on grassland area. 

They were more relaying on the forest grasses. This is due to the presence of different 

patches of grassland inside the study area, which provided more grazing opport

the previous study where dense tree canopy did not allow 

for this wildlife. Selection of feeding ground and food items vary with the type of habitat. 

Pokharel and Chalise (2010) indicated that barking deer de

mountain habitat in Nepal. 

 

Parajuli (2007) in his study recorded that spotted deer spent more diurnal time for feeding 

followed by walking in the similar climatic condition and habitat of Bardia National Park. 

During this study, spotted deer spent nearly equal time on feeding and re

resting time was little prolonged than feeding. This is due to the difference in the study site as 

well as most of their diurnal time (7 am to 5 pm) of current study site is disturbed from 

tourism activities, mainly elephant riding. They mov

and hide themselves (Mishra, 1982). They were taking rest during the observation time. 

Instead of consuming wide variety of tree and shrubs as indicated by Dinerstein (1979) in 

Bardia National Park, spotted deer of BBZ
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Comparison of time spent (%) in diurnal activities by different animals

Barking deer found to spend comparatively more time (57.4%) on feeding on grassland area. 

They were more relaying on the forest grasses. This is due to the presence of different 

patches of grassland inside the study area, which provided more grazing opport

the previous study where dense tree canopy did not allow growing the foraging plant species 

for this wildlife. Selection of feeding ground and food items vary with the type of habitat. 

Pokharel and Chalise (2010) indicated that barking deer dependents on field crops in 

Parajuli (2007) in his study recorded that spotted deer spent more diurnal time for feeding 

followed by walking in the similar climatic condition and habitat of Bardia National Park. 

During this study, spotted deer spent nearly equal time on feeding and resting. However 

resting time was little prolonged than feeding. This is due to the difference in the study site as 

well as most of their diurnal time (7 am to 5 pm) of current study site is disturbed from 

tourism activities, mainly elephant riding. They move away from the cause of disturbances 

and hide themselves (Mishra, 1982). They were taking rest during the observation time. 

Instead of consuming wide variety of tree and shrubs as indicated by Dinerstein (1979) in 

Bardia National Park, spotted deer of BBZCF were mostly consuming forbs and grasses 
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Comparison of time spent (%) in diurnal activities by different animals. 

Barking deer found to spend comparatively more time (57.4%) on feeding on grassland area. 

They were more relaying on the forest grasses. This is due to the presence of different 

patches of grassland inside the study area, which provided more grazing opportunities than 

the foraging plant species 

for this wildlife. Selection of feeding ground and food items vary with the type of habitat. 

pendents on field crops in 

Parajuli (2007) in his study recorded that spotted deer spent more diurnal time for feeding 

followed by walking in the similar climatic condition and habitat of Bardia National Park. 

sting. However 

resting time was little prolonged than feeding. This is due to the difference in the study site as 

well as most of their diurnal time (7 am to 5 pm) of current study site is disturbed from 

e away from the cause of disturbances 

and hide themselves (Mishra, 1982). They were taking rest during the observation time. 

Instead of consuming wide variety of tree and shrubs as indicated by Dinerstein (1979) in 

CF were mostly consuming forbs and grasses 
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species. However the findings of this research resembles with the results of Wegge et. al. 

(2009), that spotted deer being mixed feeder they used to consume both grass and forbs as 

their diet in Bardia National Park. This is either due to the availability of diverse grasses and 

forbs or presence of few palatable tree and shrubs species in this area. 

 

Spotted deer�s 15.2% diurnal time was disturbed due to tourism activities. During the study it 

was observed that they could easily identify the sites from where they were going to be 

disturbed. So, during the preparatory phase of disturbance period they left their ongoing 

normal behavior (like grazing, resting, playing). Before observing the tourists carrying 

elephants initial 22.7% time period, termed as preparatory phase, was used to identify the 

areas from where they were going to be disturbed. In this phase they tried to escape and hide 

from the disturb sites. The behavior observed during the preparatory period were looking 

around by erecting ears, fawns start running, wakeup from resting, and gathering all group or 

troop members in close. After these behaviors they tried to move away and hide from the 

disturbances. If they were unable to hide and happened to be nearby with the touristic 

elephant, they used to escape faster inside the dense bush patches or into the forest from open 

ground. 

 

Wild boars are nocturnal (Mishra, 1982) opportunistic omnivores and their diet incorporated 

at least one energy-rich part, like roots of Asparagus racemosus (Schley and Roper, 2003). 

Although being nocturnal wildlife they spent day time in different activities. Among them 

much of diurnal time was observed on feeding in BBZCF. This is either due to disturbance 

from the tourism activities or less effort needed to search food in the study area. 

 

For rhinoceros current finding resembles with Hutchins and Kreger (2006) in which they 

found that one-horned rhinoceros used more diurnal time for feeding and the foraging in 

Chitwan National Park. The food species were grasses (Cynodon dactylon and Imperata 

cylindrica) and aquatic plants (Hydrilla sp. and Chara sp.). Feeding occurs during the 

morning and evening. It is an herbivore, grazer, and diet consists entirely of grasses. 

 

Similarly, 71% of the rhino�s diurnal time was disturbed due to the tourism activities. 

Preparatory phase for the disturbances ended within 5 minutes. During preparatory phase 

they stop their ongoing normal behaviors (like grazing, milking to calf, walking and feeding 

with movement). In this time they used to watch towards the disturbing targets. After getting 
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contact with the touristic elephants they waited for a maximum of 5 minutes and look 

whether the elephant continuously coming towards them or not. In this waiting phase scaring 

behaviors like pepping, snoring and running were recorded. After waiting phase, rhino used 

to escape from the disturbances. During escaping behaviors like hiding in bushes or forests, 

calling to calf, and standing inside dense bushes were observed. 

 

It was recorded that rhesus monkey spent more diurnal time for resting (Shrestha et. al, 

2001). But, in our study they spent less diurnal time for resting. These differences were due 

to the characteristics of the study sites and time of daily monitoring. Previous study was 

conducted in between 9 am to 5 pm in the temple area where they rely on pilgrim people and 

needed less effort for food. 

 

Sambars are nocturnal in nature but being large bodied animals they used to spend more time 

for feeding. These results were similar with the earlier reports of Mishra (1982), and Hutchins 

and Kreger (2006). Our finding on the habitat used by sambar was different from the previous 

studies in Bardia National Park (Dinerstein, 1979a). Dinerstein find the Sal forest was prime 

habitat for sambar, but they were well distributed in our study area which was sub-tropical 

Evergreen Riverine Forest (Sharma et. al, 2011). The cause of this different can be the 

microclimatic condition and less competition with other large deer in this study area for the 

food. There was competition of sambar with blue bull in riverine area of Bardia National Park 

(Dinerstein, 1980). 

 

Study about the habit and habitat of Hog deer was conducted in the similar climatic 

conditions at Chitwan National Park (CNP) and Bardia National Park (BNP) (Dinerstein, 

1979a, Mishra, 1982, Dhungel and O�Gara, 1991). Those studies concluded that the Hog deer 

are solitary wildlife and their favorable habitats were tall floodplain grassland (Dinerstein, 

1979a, Mishra, 1982). Similarly, the study regarding their activities in the same areas 

confirmed that Hog deer tend to be crepuscular in the undisturbed areas, especially during hot 

and wet season. During this study, Hog deer were mostly observed along the borders of ox-

bow lakes where the floodplain grasses were short. For the habitat utilization by Hog deer 

current result resembles with the previous research findings conducted in CNP and BNP that 

these wildlife favors the grasslands near to wetlands. Only small numbers of this wildlife 

(Sharma et. al, 2011) preferred the area due to the presence of microclimatic condition 

resembling floodplain grassland area. 
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For overall feeding behavior of the large herbivores, current finding resembles with the 

earlier results (Hutchins and Kreger, 2006) that the feeding time of the wildlife depends on 

their body size. Although being a nocturnal animal barking deer, sambar, and wild boar 

(Dinerstein, 1980, Mishra, 1982, Pokharel and Chalise, 2010) used less diurnal time for 

resting. The impact of the tourism in wildlife behavior were also similar with current findings 

and Yasuè and Dearden (2006) about the impact of the anthropogenic activities in the natural 

behavior of bird in Thailand, which indicated anthropogenic activities directly affect the 

natural behavior of wildlife. 



~ 73 ~ 
 

CHAPTER - IX 

CARBON SEQUESTRATION AND PRIMARY PRODUCTIVITY 

 

Being one element in the food items of living organisms, Carbon is a very essential 

component of the life and chloroplast bearing plants have capacity to assimilate carbon 

dioxide with water as the raw materials (Jain, 1983). The process is quite important to 

maintain equilibrium of atmospheric oxygen and provides energy reserve as food for living 

being. The organic products can thus are carbon pools. 

 

Greenhouse gases incorporating water vapor, carbon dioxide, methane, nitrous oxide, and 

ozone play an important role for the regulation of the Earth�s climate. The temperature of the 

Earth�s surface is directly proportional to the concentration of greenhouse gasses in the 

atmosphere. The primary agent of global warming is Carbon dioxide which constitutes 72% 

of the total anthropogenic greenhouse gases. The amount of carbon dioxide in the atmosphere 

has increased from 280 ppm in the pre-industrial era (1750) to379 ppm in post industrial era 

2005, and is increasing by 1.5 ppm/year (Samalca, 2007). 

 

In a forest tree, shrubs, sapling, herbs, grasses, soil, litter, dead wood and fallen stumps are 

the main carbon pools. In the forest, high concentration of carbon is accumulated in trees and 

soil (Acharya et. al, 2009). The rate of carbon sequestration depends on the growth 

characteristics of the tree species, the conditions for growth, and the density of the tree's 

wood. It is greatest in the younger stages of tree growth, between 20 to 50 years (Myers and 

Goreau, 1991). 

 

Baghmara forest is the buffer zone of Chitwan National Park in Nepal and being conserved 

by community since more than twenty years. Attempted made to evaluate the amount of 

carbon sequestrated by different forest types in community conserved forest area. Carbon 

dioxide is one of green house gas responsible for global warming forests play a key role in 

climate change as both sinks and sources of carbon dioxide. Moreover, forests are thought to 

provide a more cost-effective means of reducing global carbon dioxide emissions than other 

sectors. The study aimed to analyze the annual carbon dioxide sequestration by the forest, 

which will be good basis to the incentive provisioned for Reducing Emissions from 

Deforestation and Forest Degradation (REDD) mechanism.  
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METHODS 
 

The following steps were utilized to calculate the Carbon dioxide sequestrated by the trees 

per year: 

 

1. Determine the total (green) weight of the tree. 

2. Determine the dry weight of the tree. 

3. Determine the weight of carbon in the tree. 

4. Determine the weight of carbon dioxide sequestered in the tree. 

5. Determine the weight of CO2 sequestered in the tree per year. 

 

To determine the total (green) weight of the tree primary data on vegetation were collected 

from quatrates prepared in 34 parallel transects traversing east to west. The transect pass 

through the all habitat types of BBZCF. Total length of transects were 68 kilometers. 

Quadrates were laid in each transects to collect information about vegetation. 

 

Nested quadrates were laid along each transects at each 150 m intervals. Randomization of 

quadrates in a particular transect was done by closing the eyes and rotating the body of 

researcher for 30 seconds. After opening the eyes researcher travelled 15 paces straight 

towards the direction when it was seen during eye opening. The point was the starting corner 

of quadrate. Quadrates of 400 m2 were used to collect tree level characteristics like scientific 

name, local name, DBH and height. Standard forestry procedures were applied to collect 

these characteristics. Vernier caliper (<100 cm) and Diameter tape were used to measure 

DBH and clinometer as well as measuring tape were used to take tree height. Distance 

between quadrates was varied with the size of unit to be sampled, but were always a minimum 

of 50 paces apart. Sampling was conducted at least 10m from the border of different vegetation 

types. The woody plants which has less than 5cm DBH and taller than knee height were 

considered sapling individuals. 

 

The dry weight of the tree (above ground tree biomass) was calculated by using allometric 

equation incorporated information on trunk diameter at breast height (DBH) in cm, total tree 

height (H) in m and wood-specific gravity (ρ) in g cm-3 (Petersson et. al, 2012). The climate 

of the study areas was moist, with 1500-4000 mm of annual rainfall and tropical evergreen to 



~ 75 ~ 
 

sub-tropical evergreen forests, the allometric equation developed by Chave et al. (2005) was 

appropriate to use for the above ground tree biomass analysis (AGTB). 

 

AGTB = 0.0509 ρ D2 H 

 

Where, 

 

AGTB =  aboveground tree biomass (kg) 

ρ =  wood specific gravity (g cm-3) 

D  =  tree diameter at breast height (cm) 

H  =  tree height (m) 

 

The wood specific gravity was extracted from equation developed by Sharma and Pukkala 

1990. The biomass stock density (in kg m-2) was calculated by summing up of individual 

weights (in kg) of a sampling area and dividing it by total sampled area. The value was 

converted to ton ha-1 by multiplying it by 10 (Subedi et. al, 2010). 

 

The biomass stock densities were converted to carbon stock densities (weight of carbon in the 

tree) by using the IPCC (2006) carbon fraction of 0.47. Root-to-shoot ratio value of 1:5 (20% 

of AGTB) was used to find below ground biomass (MacDicken, 1997). Total carbon stock 

density of tree in particular vegetation was calculated by summing up above ground and 

below ground tree carbon stock density. 

 

Carbon dioxide (CO2) is composed of one molecule of Carbon and 2 molecules of Oxygen. 

The atomic weight of Carbon is 12.001115 and that of Oxygen is 15.9994. The weight of 

CO2 is (C + 2 x O) 43.999915. The ratio of CO2 to C is 43.999915/12.001115=3.6663. 

Therefore, to determine the weight of carbon dioxide sequestered in the tree, multiply the 

weight of carbon in the tree by 3.6663. The total carbon stock (weight of carbon dioxide) was 

converted to tons of CO2 equivalent by multiplying it by 44/12, or 3.67. 

 

Carbon dioxide sequestration by the tree or forest per year was determined by dividing the 

weight of carbon dioxide sequestrated in the tree or forest by their age. Correlation was used 

to find out the relation between maturity index of forest with its carbon stock (Johnson and 

Bhattacharyya, 1996). 
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RESULTS 
 

Total numbers of studied quadrates for the primary productivity assessment are 131. Details 

about the quadrates are given in table 13. The area covered by these quadrates is 5.3 ha, 

which is 2.4% of total area covered by BBZCF (215 ha). The areas covered by quadrates are 

highest in Acacia catechu and Dalbergia sissoo forest and lowest in savanna grassland. 

 

Table 13 - Number of quadrates studied and area covered by these plots in different 

vegetation types. 

Vegetation types Number of plot studied Area covered by plot (ha) Area covered (%) 

Trewia nudiflora forest 44 1.8 2.8 

Dalbergia sissoo forest 40 1.6 4.2 

Albizia lucidior forest 35 1.4 2.3 

Acacia catechu forest 8 0.3 4.0 

Savanna grassland 4 0.2 1.4 

 

Among different carbon pools the study analyzes the carbon stock of tree, both in above 

ground and below ground. Due to regular silvicultural management dead wood and stumps 

are not observed inside community forest. The leakage of the carbon is not incorporated in 

the result. The amount of carbon sequestrated by the tree in different vegetations of BBZCF 

is as follows: 

 

Acacia catechu forest 
 

This forest was developed through plantation, plantation was completed during 1989 and 

1990 (NCRTC, 1992). In this forest the average height of the tree is 14.5 m and their average 

DBH is 72 cm.  6 tree species comprises this forest type (Tab. 14). This forest includes 116 

tree stems per hector. 

 

Total carbon stock density of tree species in this forest was 238.36 t/ha. The average carbon 

stock density of each tree species is 39.7 t/ha. The higher carbon is sequestrated by Acacia 

catechu (74 t/ha) and Albizia lucidior (72.9 t/ha). Carbon dioxide sequestrated in this forest is 

7.0 metric ton (mt). Tree species of this forest are sequestrating an average of 58.3 tons of 

CO2/species/year (Tab. 14). 
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Table 14 � Carbon dioxide sequestrated (ton y-1) by different tree species of Acacia 
catechu forest. 

Species Total 
(ton ha-1) 

Total carbon 
(t) 

Total CO2 
(mt) 

CO2 sequestration 
(ton year-1) 

Acacia catechu 74.0 591.6 2.2 108.6 

Albizia lucidior 72.9 582.8 2.1 107.0 

Bombax ceiba 52.3 418.2 1.5 76.7 

Dalbergia sissoo 15.4 123.3 0.5 22.6 

Melia azedarach 12.4 99.0 0.4 18.2 

Anthocephalus chinensis 11.5 91.9 0.3 16.9 

Total 238.36 1906.9 7.0 349.9 

 

Albizia lucidior forest 
 

This is naturally regenerated forest comprised of 422 trees per hector. Average tree height of 

this forest is 16 m with an average DBH of 22.5 cm. Average carbon stock density of each 

species of tree in this forest is 11.3 t/ha. This forest sequestrated 8888.2 ton carbon and 

Bombax ceiba is more (80.1 t/ha) carbon sequestering tree followed by Albizia lucidior (43.8 

t/ha) and Trewia nudiflora (17.67 t/ha). The total carbon dioxide sequestration by this forest 

is 32.62 mt. The annual average carbon dioxide sequestration by the tree species of this forest 

is 179.2 t/species/year (Tab. 15). 
 

Table 15 � Carbon dioxide sequestrated (ton y-1) by different tree species of Albizia 
lucidior forest. 

Species 
Total (ton 

ha-1) 
Total carbon (t) 

Total CO2 
(mt) 

CO2 sequestration 
(ton year-1) 

Bombax ceiba 80.10 4846.0 17.78 1270.3 

Albizia lucidior 43.81 2650.7 9.73 694.9 

Trewia nudiflora 17.67 1069.3 3.92 280.3 

Litsea lancifolia 2.11 127.5 0.47 33.4 

Premna interrupta 1.29 78.2 0.29 20.5 

Miliusa velutina 0.74 44.8 0.16 11.8 

Dysoxylum gobara 0.41 25.0 0.09 6.6 

Mallotus philippensis 0.22 13.5 0.05 3.5 

Dysoxylum binectariferum 0.21 12.5 0.05 3.3 

Xeromphis spinosa 0.13 8.2 0.03 2.1 

Gmelina arborea 0.12 7.2 0.03 1.9 

Ehretia laevis 0.08 4.8 0.02 1.3 

Psidium guajava 0.01 0.5 0.002 0.1 

Total 146.91 8888.2 32.62 2330.0 
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Savanna grassland 
 

Savanna vegetation consists of grasses interspread with tree. The average trees height in 

savanna is 16.5 m and average DBH of 82.5 cm. The area comprises quite scattered trees (57 

trees ha-1) with less number of species (n = 3). Carbon stock density of the tree species in this 

vegetation is 137.8 t/ha. This vegetation sequestrated 1611.8 ton of carbon and Bombax ceiba 

is more carbon sequestrating (113.8 t/ha) species followed by Dalbergia sissoo (23.7 t/ha). 

Total carbon dioxide sequestrated by the trees of this forest is 1.97 mt. Annual carbon dioxide 

sequestrated by the tree species in this vegetation is 98.6 t/species/year (Tab. 16). 

 
Table 16 � Carbon dioxide sequestrated (ton y-1) by different tree species of Savanna. 

Species 
Total 

(ton ha-1) 

Total carbon 

(t) 

Total CO2 

(mt) 

CO2 sequestration 

(ton year-1) 

Bombax ceiba 113.8 1331.5 4.89 244.3 

Dalbergia sissoo 23.7 276.9 1.02 50.8 

Dysoxylum gobara 0.3 3.4 0.01 0.6 

Total 137.8 1611.8 1.97 295.7 

 

Dalbergia sissoo forest 
 
Nine tree species were comprises in this forest (Table 17). This is plantation forest in 

BBZCF. The average height of tree in this forest is found 15 m with an average of 55.1 cm 

DBH. This forest includes 203 individual trees per hector. 

 
Table 17 � Carbon dioxide sequestrated (ton y-1) by different tree species of Dalbergia 

sissoo forest. 

Species 
Total  

(ton ha-1) 
Total carbon 

(t) 
Total CO2 

(mt) 
CO2 sequestration 

(ton year-1) 
Dalbergia sissoo 262.5 10028.5 36.80 1840.2 

Acacia catechu 6.2 235.2 0.86 43.2 

Leucaena leucocephala 4.7 179.2 0.66 32.9 

Trewia nudiflora 4.4 168.4 0.62 30.9 

Bombax ceiba 2.0 77.3 0.28 14.2 

Albizia procera 1.9 71.0 0.26 13.0 

Ehretia laevis 1.2 44.8 0.16 8.2 

Litsea monopetala 0.1 2.1 0.01 0.4 

Dysoxylum gobara 0.0 1.3 0.00 0.2 

Total 282.9 10807.7 39.66 1983.2 
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Total carbon stock density of the tree in Dalbergia sissoo forest is 282.9 t/ha. In this forest 

Dalbergia sissoo is the more carbon sequestrating (262.5 t/ha) species followed by Acacia 

catechu (6.2 t/ha). Average carbon dioxide sequestrated by the tree species of this forest is 

4.4 mt/species. Annual carbon dioxide sequestered by the tree species of this forest is 1983.2 

ton per year (Tab. 17). 
 

Trewia nudiflora forest 
 

This forest is naturally regenerated in BBZCF and was fenced from barbed wire since 1994. 

16 tree species comprises this forest type. Average height of tree in this forest is 15 m with an 

average DBH of 24.5 cm. There are 363 individual trees per hector of this forest. Carbon 

stock density in the tree of this forest is 147.2 ton/ha. Total carbon of the tree species in this 

forest is 9375.3 ton. In this forest Bombax ceiba is more carbon sequestrating tree species 

(91.8 t/ha) followed by Trewia nudiflora (27.2 t/ha). Total carbon dioxide sequestrated by the 

tree species of this forest is 2.15 mt. Similarly, annual carbon dioxide sequestrated by the tree 

species of this forest was 153.6 ton per year (Tab. 18). 

 

Table 18 � Carbon dioxide sequestrated (ton y-1) by different tree species of Trewia 
nudiflora forest 

Species Total 
(ton ha-1) 

Total carbon 
(t) 

Total CO2 
(mt) 

CO2 sequestration 
(ton year-1) 

Bombax ceiba 91.8 5839.8 21.43 1530.9 

Trewia nudiflora 27.2 1732.8 6.36 454.2 

Albizia lucidior 17.5 1112.3 4.08 291.6 

Terminalia alata 4.2 267.2 0.98 70 

Litsea lancifolia 1.9 122 0.45 32 

Bischofia javanica 1.7 106.7 0.39 28 

Careya arborea 1.4 91.4 0.34 24 

Litsea monopetala 0.7 45.7 0.17 12 

Ehretia laevis 0.3 18 0.07 4.7 

Xeromphis uliginosa 0.1 8.2 0.03 2.2 

Dysoxylum gobara 0.1 7.5 0.03 2.0 

Dysoxylum binectariferum 0.1 7.4 0.03 1.9 

Mallotus philippensis 0.1 7.1 0.03 1.9 

Lagerstroemia parviflora 0.1 5.6 0.02 1.5 

Miliusa velutina 0.0 1.9 0.01 0.5 

Xeromphis spinosa 0.0 1.7 0.01 0.4 

Total 147.2 9375.3 2.15 153.6 



Carbon sequestration 

Trees of Baghmara Buffer Zone Community Forest are sequestrating 2967.5 ton of Carbon. 

The highest amount of Carbon (1200.9 ton) is accumulated by 

followed by Albizia lucidior (683.7 ton) forest. The lowest Carbon stock density is r

from savanna grassland, 179.1 ton (Tab. 19).

 

Table 19 - Tree carbon stock density in the different vegetations

Vegetation type 

Dalbergia sissoo forest 

Albizia lucidior forest 

Trewia nudiflora forest 

Acacia catechu forest 

Savanna grassland 

 

Carbon dioxide assimilation 

Trees of BBZCF are assimilating 12.1 metric ton of carbon dioxide. The highest level of 

carbon dioxide is sequestrated in 

ton of carbon dioxide. The lowest sequestration of carbon dioxide is in 

This forest sequestrates 1.2 metric ton of carbon dioxide in the trees (Fig. 25).

 

Figure 25 � Total amount of carbon dioxide assimilated in different forests
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Trees of Baghmara Buffer Zone Community Forest are sequestrating 2967.5 ton of Carbon. 

The highest amount of Carbon (1200.9 ton) is accumulated by Dalbergia sissoo

(683.7 ton) forest. The lowest Carbon stock density is r

from savanna grassland, 179.1 ton (Tab. 19). 

Tree carbon stock density in the different vegetations. 

Carbon stock (t) 

1200.9 

683.7 

586.0 

317.8 

179.1 

Total 2967.5 

Trees of BBZCF are assimilating 12.1 metric ton of carbon dioxide. The highest level of 

carbon dioxide is sequestrated in Dalbergia sissoo forest. This forest sequestrates 4.4 metric 

ton of carbon dioxide. The lowest sequestration of carbon dioxide is in Acacia catechu

This forest sequestrates 1.2 metric ton of carbon dioxide in the trees (Fig. 25). 

Total amount of carbon dioxide assimilated in different forests. 

Trees of BBZCF are sequestrating 1001.6 ton of carbon dioxide annually. Annual carbon 

dioxide sequestration is higher (349.9 ton year-1) in Acacia catechu forest followed by 

Albizia lucidior Savanna grassland Dalbergia sissoo Trewia nudiflora

Vegetation types

Trees of Baghmara Buffer Zone Community Forest are sequestrating 2967.5 ton of Carbon. 

Dalbergia sissoo forest 

(683.7 ton) forest. The lowest Carbon stock density is recorded 

Trees of BBZCF are assimilating 12.1 metric ton of carbon dioxide. The highest level of 

forest. This forest sequestrates 4.4 metric 

Acacia catechu forest. 

 

 

Trees of BBZCF are sequestrating 1001.6 ton of carbon dioxide annually. Annual carbon 

forest followed by 

Trewia nudiflora
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Dalbergia sissoo (220.3 tons year-1) forest. Carbon dioxide sequestration is lowest (98.6 tons 

year-1) in savanna grassland. Trees of Baghmara Buffer Zone Community Forest are 

sequestrating 1.93 tons of carbon dioxide per day. 

 

 

Figure 26 � Amount of annual carbon dioxide assimilated (ton ha-1) in different forests. 

 

DISCUSSIONS 
 

Forest trees are one of main carbon sink of terrestrial ecosystem. The carbon assimilation 

capacity is different with different tree species. The amount of carbon sink was higher in 

some old trees like Bombax ceiba (KMTNC, 2001) and with the tree having high biomass 

like Acacia catechu. There are the positive correlation between the maturity index and carbon 

stock (r = 0.5659, p < 0.05). Current findings correspond with the finding described by 

Myneni et. al, (2001), that forest is one of the major terrestrial carbon sink. The amount of the 

carbon sink is different according to the species and age of the tree. 

 

The sequestrated carbon in the forest varied according to the types of forest, their age 

structure and number of trees per hector. As the areas of the forests were different the total 

carbon assimilated in a particular forest type is different. The species composition of the 

forest type also differ the average amount of assimilated carbon in the particular forest type. 

The more mature forest of the study area was the Savanna type grassland (NCRTC, 1997). 

The mature and highest Bombax ceiba trees were the main carbon sink in this vegetation 

(Tab. 16). The average amount (ton ha-1) of Carbon assimilated in the vegetation types of 
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study area differed according to the age and their types. Carbon storage in the middle aged 

forests like Albizia lucidior, Dalbergia sissoo, and Trewia nudiflora (NCRTC, 1997) was the 

highest than the mature forests (Fig. 26). But the carbon stock was always increased in the 

forest areas without any disturbances. This finding corresponds with the findings of other 

study (Hu et. al, 2005, Yang et. al, 2005, Liu and Li, 2007, Zhou et. al, 2007, Duan et. al, 

2007, Fan et. al, 2008, Ravindranath et. al, 2008, Zhang et. al, 2009, Yamashita et. al, 2012). 

 

The forest of BBZCF was riverine type with sub-tropical climatic condition. The productivity 

of the green biomass was highest (Mishra, 1982) in these areas. This also increased the 

carbon sequestration rates of the forest areas because there is strong correlation between 

green biomass production and carbon sequestration (r = 1, p < 0.05). The BBZCF was 

located along riverine site in Tarai physiographic region which is one of the more productive 

forests and carbon sequestration rate in this forest was also highest. This finding resembles 

with the other researchers conducted in the similar environment (Baral et. al, 2009, Khanal et. 

al, 2010, Poudel et. al, 2011). 

 

The annual rainfall of the study area is highest during the monsoon period (Fig. 2). So, the 

area remains dry in one season. Thus the forest of the study area is seasonally dry tropical 

forest (SDTFs) as considered by previous studies (Becknell et. al, 2012). The findings about 

the biomass estimation (double of the carbon stock density) of the current study resembled 

with the similar studies conducted in the different areas of the world. In those studies the 

average aboveground biomass in mature SDTF ranged from 39 to 334 ton ha-1 and single 

climatic variable, mean annual precipitation, explained over 50% of the variation in 

aboveground biomass. The naturally regeneration areas of BBZCF incorporated the highest 

carbon assimilation capacity than the other areas. The previous studies conducted in the 

different areas of SDTFs considered the similar findings regarding the biomass and their 

carbon assimilation capacity (Becknell et. al, 2012). 

 

Carbon stock measurement of any areas is a key factor to understand the relationship between 

changes in land use and carbon dioxide emissions. The dry wooded land with less 

precipitation results the savanna woodland in the Africa. A study conducted in the different 

savannas system of miombo woodland in Mozambique resulted the 21.2 ton C/ha in tree 

(Ryan et. al, 2010). Conversion of forest land to the agriculture land is common practice in 

Seasonally Dry Tropical Forests (SDTFs) (Becknell et. al, 2012). If such agriculture land is 
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conserved initial result will be savanna type of grassland. The BBZCF incorporated the 

grassland with scattered trees after conservation of agriculture land as forest. The formation 

process and the environment of savanna type grassland in the current study area are different 

than those found in Africa. The rate of annual precipitation has direct affect for the carbon 

stock in the forest ecosystem (Becknell et. al, 2012). The annual precipitation is much higher 

in the current study area which finalized the higher density of carbon stock than the savanna 

woodlot of Africa. 

 

Plantation of the tree species differs according to the climatic condition of the planted sites. 

The growth rate and density of the planted trees also depend upon the species and the 

available nutrient in the soil (Lal, 2005). Thus, the different factors may affect per hector 

above ground biomass production in the planted forest. Study in the 25-year-old plantation of 

Eucalyptus camaldulensis in the semi-arid region of Northeastern Nigeria showed per hector 

aboveground biomass content was 256,245.08 kg (Akindele et. al, 2010) which was quite 

high than the current study. The differences in the biomass production are due to the species 

of planted tree, availability of sapling and the soil nutrient (Francis, 2000, Lal, 2005). 
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CHAPTER - X 

SOCIO-ECONOMICS AND COMMUNITY CONSERVATION 

 

Local residents around the protected areas (PAs) of Nepal somehow rely on the resources 

from these areas directly or indirectly. The main demands for resources are the thatch grass 

and fuel-wood. Considering the facts the protected area authorities officially open the area for 

a maximum period of 10 days to buffer zone residents to collect the necessary grasses and 

reeds from the protected areas. During the starting phase of the community forest in late 

eighties, local communities solely depend for infrastructure development and energy needs to 

the government forests (Tamrakar and Sharma, 2002). Keeping these facts in view, forest 

conservation work in the study area was started with twin objectives: (a) to motivate local 

communities towards conservation by providing alternative source to meet their vital basic 

needs like fodder and fuel wood through community forest, and (b) to take the pressure off 

from the National Park and create positive attitude towards biodiversity conservation 

(Dinerstein et. al, 1999, Tamrakar and Sharma, 2002). 

 

Government of Nepal formulated buffer zone bylaws in 1995. It is possible to declare a 

buffer zone around any protected areas on the basis of this bylaw. The bylaws incorporated 

one key component for benefit sharing as 30-50% of revenue generated by a specific 

protected area will be recycled for development activities in buffer zone areas. On the basis 

of the buffer zone bylaws forests of the buffer zone areas could be handed over for its 

management to local community as buffer zone community forest. From this community 

managed buffer zone forest local people can fulfill their daily needs like fodder and fuel 

wood based on the approved legislation and operational plan. 

 

The plantation sites of the study area were more than two decades old. The planted rose wood 

(Dalbergia sissoo) is one valuable timber species of the area. Khair tree (Acacia catechu) is 

another planted species can be served as good cash generating tree. Community managed 

eco-tourism activities, like elephant safari, jungle walk and canoe ride, generating more 

revenues for the community than any other activities. The forest is also providing jobs to the 

local people. These direct benefits provided from the biodiversity conservation activities also 

helping indirectly for other economic opportunities in the area. Private elephant entrepreneur 

is one example of the indirect economic opportunities generated due to the community forest. 
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In these private elephant entrepreneurship more than 150 people are engaged. This study tried 

to analyze the monitory benefit made from the BBZCF since its establishment in 1989. 

 

METHODS 
 

Primary data were collected from the actual users who are affiliated or involved to the natural 

resource management activities. Their views regarding the benefit were collected directly 

from general meetings. The other PRA tools, like key informants interview, were utilized to 

collect their views regarding benefit (Mikkelsen, 1995). A questionnaire checklist was 

prepared for this purpose.  

 

Open discussions with open-ended questions were utilized with memory based or written 

checklist to collect necessary information. This method were used to generate valuable 

information from different people who were directly involved to conserve the area and 

benefit sharing from the community conserved area. This method was applied to the people 

who involve in conservation and the establishment of the forest. Those included NGO, GO, 

CFUG members and VDC members (Mikkelsen, 1995). 

 

Data on the existing stock of the forest products were collected from transect and quadrate 

sampling techniques. Nested quadrates were prepared at the interval of 150 m along the east 

west parallel transects. Data regarding the forest stock were calculated from volume 

calculation (Avery and Burkhart, 2001). Detailed about transect, quadrates and measurement 

were presented in Chapter VI. 

 

Data regarding the investment and annual income were collected from the official records of 

National Trust for Nature Conservation�s Biodiversity Conservation Center and BBZCF. The 

monitory values of the previous investment were collected from references like signed 

agreement, project completion reports, progress reports and audit reports. The concerned 

references mainly included annual reports, detail estimates of project, request letters for the 

delivery of materials and audit reports. The Net Present Value (NPV) of the previous 

investments was calculated by discounting annual payment factor at the rate of 10% interest 

rate. The value of non-marketed goods were calculated from labor cost methods (Dangol, 

2010) and shadow price methods (Bruyn et. al, 2010). 
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Secondary information was collected from different sources. Published documents like 

annual reports of BCC, audit reports of BBZCF, technical and financial reports of the project 

related to the study were the main source of secondary information collection. Similarly, 

documents available in community forest and National Trust for Nature Conservation 

(NTNC) were other sources of information. General information about the study area was 

collected from the different sources, like current and past members of users� group 

committees, concerning authorities and local people. The secondary information was centered 

for history of the area, in kind and financial support for the community forest and landscape 

changing. For those data the sources were topography department and publication of World 

Wildlife Fund Nepal Program, Department of National Parks and Wildlife Conservation, 

Department of Forest and National Trust for Nature Conservation. 

 

Qualitative and quantitative approaches were used to analyze the collected information. 

Secondary data from other research works were also used for analysis. Correlation was used 

to find out the relation between income of the forest with recurring expenditure and saving of 

the forest with its income (Johnson and Bhattacharyya, 1996). 

 

RESULTS 
 
One time investments 

Investment for the conservation of BBZCF was initiated since 1988 through the then King 

Mahendra Trust for Nature Conservation (KMTNC) by using financial support from different 

organizations (Dinerstein et. al, 1999). The main funding organizations were Department of 

National Parks and Wildlife Conservation Nepal, USAID, World Wildlife Fund � US, 

Biodiversity Conservation Network, WWF Nepal Program and Save the Tiger Fund. The 

funds were mainly invested to fence the forest area, plantation of seedling, and construction 

of watch tower (Machan) at the middle of the community forest area (NCRTC, 1990, 1992, 

1995, 1997, 2000 and Dinerstein et. al, 1999). 

 
The major investment to execute fencing was done in fencing poles, barbed wires, GI wires, 

skilled labor for fencing, hole-digging for pole, tools and their transportation. The area is 

frequently using by the large wildlife like rhinoceros. This wildlife use to fletch to agriculture 

land at night for grazing. Several damages are observed on the barbed wire fences from 

regular travel of this wildlife. To protect the fencing from this wildlife, construction of rhino 
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proof trenches were successfully practiced. Cost to construct rhino proof trenches is also 

considered as one of the head of investment. To execute plantation the investment were done 

for ground clearing for plantation, cost of seedlings and their transportation, hole digging for 

plantation, and seedling plantation. The net present value of the investment made in BBZCF 

is US$ 392,630. The funds made from donor organization are mainly used for plantation with 

barbed wire fencing (Tab. 20). 

 
Table 20 - Total investment made since 1989 (amounts in �000). 

Activities NRs. US$ 

Plantation 25,642.53 366.32 

View tower (Machan) construction 1,841.68 26.31 

Total 27,484.21 392.63 

Note: Exchange rate 1 US$ = NRs. 70 

 
Income 

The income generated from this forest are mainly through forest product (timber and fuel 

wood) selling, revenues from eco-tourism activities (tourist and elephant entry), from fodder 

grass, thatch grasses, and also in the form penalty the imposed on voilatory set norms 

(NCRTC, 1990, 1992, audit report of BBZCF from fiscal year 1996/97 to 2009/10). 

 
Table 21- Income amount since its establishment (amounts in '000). 

Fiscal year NRs. US$ 

1996/97 889.57 12.7 

1997/98 854.04 12.2 

1998/99 1,569.90 22.4 

1999/00 3,589.34 51.3 

2000/01 5,102.44 72.9 

2001/02 5,046.26 72.1 

2002/03 3,463.53 49.5 

2003/04 4,047.64 57.8 

2004/05 2,920.26 41.7 

2005/06 2,330.55 33.3 

2006/07 3,511.61 50.2 

2007/08 5,557.15 79.4 

2008/09 6,203.25 88.6 

2009/10 7,772.04 111.0 

Total 52,857.58 755.1 

Note: Exchange rate 1 US$ = NRs. 70 
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Due to the absent of commercially important timber species, income from the forest resources 

selling is not so high. The community forest sells timber at the rate of NRs. 110 per cubic feet 

and fuel wood at the rate of NRs. 7 per kilogram. But, the selling depended upon the 

availability of the forest resources and is not in regular basis (BBZCF, 2003). Total income of 

the BBZCF upto June 2010 is US$ 755,110.00. The maximum income is on the fiscal year 

2009/10. In this year the total income of this forest is US$ 111,000.00.  The lowest income 

(US$ 12,200.00) was on the fiscal year 1997/98 (Tab. 21). 

 
Recurring expenses 

Expenditure is made mainly on conservation activities such as habitat improvement, fencing, 

staff salary, and river bank cutting prevention. Other main heading of investment on 

conservation activities is construction of biogas plant in almost all households of users� group 

member. Different training program is also organized by the community forest to enhance 

skills of users� group to increase their income. Similarly, for other income generation 

activities fund of community forest is used for sericulture, and livestock raring. Some bulk 

funds are invested for the development activities in the village of users� group. The main area 

of expenses under development activities are school building and road construction. 

 
Table 22 - Expenses amount since its establishment (amounts in '000). 

Fiscal year NRs. US$ 

1996/97 288.07 4.1 

1997/98 310.21 4.4 

1998/99 1,266.42 18.1 

1999/00 2,795.90 39.9 

2000/01 4,168.90 59.6 

2001/02 4,059.15 58.0 

2002/03 1,826.49 26.1 

2003/04 4,072.30 58.2 

2004/05 2,453.78 35.1 

2005/06 2,334.13 33.3 

2006/07 2,803.56 40.1 

2007/08 4,305.88 61.5 

2008/09 1,943.09 27.8 

2009/10 6,698.91 95.7 

Total 39326.79 561.81 

Note: Exchange rate 1 US$ = NRs. 70 
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Total expenses of the community forest upto June 2010 is US$ 561,810.00. The maximum 

expenses were made in the fiscal year 2009/10. In this year total expenses of the BBZCF was 

US$ 95,700. The lowest expenses (US$ 4,100) were made in fiscal year 1996/97 (Tab. 22). 

 

Saving 

Total saving of the community forest upto 2010 is US$ 193,300.00. The highest saving is 

made in fiscal year 2008/09. In this year total saving amount is US$ 60,900. The forest is on 

lost for two fiscal years 2003/04 and 2005/06 due to investment made for river bank 

protection. Lost amount on these fiscal years were US$ 400 and US$ 100 respectively (Tab. 

23). 

 

Table 23 - Saving amount since its establishment (amounts in '000). 

Year     NRs.  US$ 

1996/97 601.50 8.6 

1997/98 543.83 7.8 

1998/99 303.48 4.3 

1999/00 793.45 11.3 

2000/01 933.55 13.3 

2001/02 987.11 14.1 

2002/03 1,637.04 23.4 

2003/04 -24.66 -0.4 

2004/05 466.48 6.7 

2005/06 -3.58 -0.1 

2006/07 708.05 10.1 

2007/08 1,251.26 17.9 

2008/09 4,260.17 60.9 

2009/10 1,073.13 15.3 

Total 13,530.81 193.30 

Note: Exchange rate 1 US$ = NRs. 70 

 

Stock of forest products 

The main forest products of this community forest are fuel wood and timber. Total value of 

the forest products are US$ 89,720.00. Timber is the main forest product with high (88%) 

monitory value. Fuel wood incorporates only 12% value of the forest product available in the 

community forest. 
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Albizia lucidior forest is major contribution in the forest stocks with the monitory value of 

US$ 29,600 (33% of total). Lowest amount in the forest product is incorporated by Savanna. 

It includes the forest stock with the amount of US$ 5,600 (6.2% of the total stock). 

 

Table 24 - Monitory value* of stock forest products (amounts in �000). 

Forest types 
Fuel wood Timber Total 

NRs. US$ NRs. US$ NRs. US$ Percent 

Albizia lucidior forest 90.0 1.3 1,985.2 28.4 2,075.2 29.6 33.0 

Trewia nudiflora forest 91.3 1.3 1,649.9 23.6 1,741.2 24.9 27.8 

Dalbergia sissoo forest 24.7 0.4 1,375.6 19.7 1,400.4 20.0 22.3 

Acacia catechu forest 547.5 7.8 124.4 1.8 671.9 9.6 10.7 

Savanna grassland 0.1 0.002 391.7 5.6 391.9 5.6 6.2 

Total 753.7 10.8 5,526.9 79.0 6,280.6 89.7 100.0 

* Based on official rate of BBZCF for timber @ NRs. 110 ft-3and for fuel-wood @ NRs. 7 kg-1; Exchange rate 1 US$ = NRs. 70 

 

Carbon sequestration 

Sequestrated carbon dioxide in tree is highest in Dalbergia sissoo forest. Monetary value of 

sequestrated carbon dioxide is amounting US$ 132,000 (36.4% of total). Lowest amount of 

carbon dioxide is sequestrated by Acacia catechu forest. This forest accumulates carbon 

dioxide with the value of US$ 36,000 (9.9% of total). Details of revenue contribution by 

different forest types is given in table 25. 

 

Table 25 - Monitory value of carbon dioxide sequestrated by the trees in different 
vegetation types (amounts in US$ �000). 

Vegetation types Value (US$ '000) Percentage 

Dalbergia sissoo forest 132.0 36.4 

Albizia lucidior forest 75.0 20.7 

Trewia nudiflora forest 63.0 17.4 

Savanna grassland 57.0 15.7 

Acacia catechu forest 36.0 9.9 

Total 363.0 100.0 

Note:  Calculation is based on current carbon rate US$ 30 t-1; Exchange rate 1 US$ = NRs. 70 

 

Benefit and loss 

Monitory benefit from the BBZCF includes the saving amount in terms of cash and stock of 

forest resources in terms of kind. From fiscal year 1996/97 to 2009/10 this community forest 

able to save US$ 193,300. The monitory value of the kind, the timber and fuel wood stock of 
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the study area is US$ 89,700. Considering the fuel wood and timber as the principal forest 

stock, the community forest has the total amount of US$ 283,000. If we considered the 

carbon as the monitory stock this forest has the amount of US$ 556,300 (Tab. 26). 

 

Table 26 - Total amount present (amounts in �000). 

Headings 
Timber and fuel wood CO2 sequestration 

NRs. US$ NRs. US$ 

Saving amount 13,530.80 193.3 13,530.80 193.3 

Amount of stock 6,280.57 89.7 25,410.00 363.0 

Total 19,811.37 283.0 38,940.80 556.3 

Note: Exchange rate 1 US$ = NRs. 70 

 

The main source of income from BBZCF is revenue generated through the eco-tourism 

revenue. The community forest allows entering the domesticated elephant for eco-tourism 

purpose. Community forest use to take the elephant registration fee for each elephant and 

entry fee on per entry basis (Audit report of BBZCF from 1996/97 to 2009/10). Users� of the 

forest are allowed to collect grass and fodder from the areas during day light. During the 

early phase of its conservation (1989) community forest collected the thatch grass and sold it 

in local areas. The other income sources are penalty for the violation of set norms of BBZCF. 

That included the illegal entry of local people to collect the forest products or illegal entry of 

touristic elephants. This income is quite nominal and even absent during these days (Audit 

report of BBZCF from 1996/97 to 2009/10). 

 

 

Figure 27 � Annual income and expenses since 1996/97 to 2009/10. 
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The graphical representation of the saving in BBZCF also indicates there was increased in 

savings according to the income. The graph indicates the logical growth of the saving 

amounts in BBZCF (Fig. 28). 

 

 

Figure 28 � Graphical representation of saving amount from FY 1996/97 to 2009/10. 
 

Besides annual running cost, BBZCF also has some investment amount. Although, the 

investment is made from different donor organizations. But, it is the cost of the community 

forest. 

 

Annual value of sequestrated carbon dioxide by the trees of BBZCF is US$ 21,107.14. The 

highest value of annual sequestrated carbon dioxide is in Dalbergia sissoo forest (US$ 6,600) 

followed by Albizia lucidior forest (US$ 5,357.14). The lowest value of annual sequestrated 

carbon dioxide is in Acacia catechu forest (US$ 1,800) (Tab. 28). 

 

Table 27 - Annual value of sequestrated carbon dioxide in the different vegetation types, 
amounts in US$. 

Vegetation type Value of sequestrated CO2/year 

Dalbergia sissoo forest 6,600.00 

Albizia lucidior forest 5,357.14 

Trewia nudiflora forest 4,500.00 

Savanna grassland 2,850.00 

Acacia catechu forest 1,800.00 

Total 21,107.14 

Calculation is based on current carbon rate US$ 30 t-1 
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There are two alternatives to calculate the benefit or loss of this community forest. If timber 

and fuel wood are considered as the stock, this community forest is still in loss. In this 

alternative the loss amount is US$ 109,600. If carbon dioxide sequestration is considered as 

stock this community forest is in profit. The amout of profit in this alternative is US$ 163,700 

(Tab. 27). 

 

Table 28 - Benefit or loss (all amounts in �000). 

Headings 
Timber and fuel wood CO2 sequestration 

NRs. US$ NRs. US$ 

Investment cost 27,484.21 392.6 27,484.21 392.6 

Amount of stock 19,811.37 283.0 38,940.80 556.3 

Benefit or loss amount -7,672.84 -109.6 11,456.59 163.7 

Note: Exchange rate 1 US$ = NRs. 70 

 

DISCUSSIONS 
 

There were twin goal of the joint forest management, halting of forest degradation and 

poverty reduction. From conservation point of view the joint forest management is quite 

successful. The other goal of reduction of poverty is not achieved. Study about the achieved 

goals of joint forest management was conducted in Jharkhand of India resulted that 

conservation goal was achieved in joint forest management (Kumar, 2002). From socio-

economic point of view the poor were the net losers from the joint forest management 

scheme. Thus, the joint forest management was less effective for the poverty reduction goal. 

The community forest management in Nepal mainly focused to provide forest resources for 

its users (Baral, 2002). So, the goal is mainly focused for the forest management. Although 

having the interconnection between conservation and the economy, forest management goal 

automatically linked with poverty. In connection of the economic incentive, BBZCF is 

providing opportunities for new job creation. Ongoing ecotourism inside BBZCF are 

providing direct job for local people (>150 personnel) in elephant entrepreneurship. The 

BBZCF itself is hiring staffs (n = 15) from its users�. The income generating (IG) trainings 

conducted from the BBZCF are also targeted for the local poor. Trainees of the IGs are also 

engaged in self job created from the skill they learn. Although the main goal of BBZCF is 

forest management and conservation, it is also helping to provide economic opportunities for 

the local poor. This is just denied the previous finding from Jharkhand India (Kumar, 2002). 
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Income of the BBZCF was increased continuously. The graph of the income of this 

community forest since its legalization (1995) indicated logistic increment of the income. The 

graphical representation of the expenses also indicated the increasing expenses according to 

the income. The graph indicated the logical growth of the expenses in every year (Fig. 27). 

There was a strong positive correlation between the income and expenses of BBZCF (r = 

0.854, p < 0.05). The Chitwan National Park (CNP) of lowland is second famous tourist 

destination among the protected areas of Nepal. The tourism revenue is the main income 

source of this park and is continuously increasing since its establishment in 1973. The 

revenue generated by CNP in fiscal year 068/69 was NRs. 99,896,148 (US$ 1,427,088). On 

the basis of Buffer Zone legislation 50% (US$ 713,543.9) of the generated revenue of CNP 

was recycled for Buffer Zone management and remaining 50% revenue was deposited in the 

central treasury. The management of the National Park and the elephant stable are expenses 

of CNP. The annual budget for CNP and elephant stable management was NRs. 62,913,000 

(US$ 898,757.1) (CNP, 2012). The cost and benefit analysis based on the annual income and 

running cost, the CNP is in loss of NRs.12, 964,930 (US$ 185,213.3). The amount of forest 

resource stock is not incorporated in the cost-benefit analysis of CNP. Though, the annual 

cost and benefit analysis of BBZCF resembles to that of CNP. 

 
A study conducted in the Modesto regarding the relation of municipal budget and it�s 

interlinked with the urban forestry management. Valuation of the urban forest was calculated 

as direct and indirect methods. The intrinsic value incorporated the benefit from the 

atmospheric carbon dioxide assimilation, reduction of storm water runoff, making pleasant 

temperature during summer, aesthetics, and annual air pollutant uptake. The Modesto 

spending nearly two times more budget than the available stock of forest resources for urban 

forestry management (McPherson et. al, 1999). Valuation of BBZCF is calculated from direct 

method. The direct services provided from this forest are incorporated in the calculation. 

Income and expenditure of the BBZCF are in increasing trend. So, there is less saving 

amount in their account. There was the positive correlation (r = 0.509, p < 0.05) between the 

income and the saving amount in BBZCF. The reduction in the expenditure, mainly in 

infrastructure development, will increase the benefit of the forest. 

  
Being a common property, the community forests have equity of benefit to its users� in 

quantitative term. Each household of users� groups are getting same benefit from the 

community forest. Study indicated the general phenomenon of benefit sharing mechanism of 
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community forest was strongly influenced from other factors like land and livestock holdings, 

caste, education of family members and household economic status. The study also found 

that there is less access to poorer than less poor users� for some key products. Household 

economic status has strong influence in the forest resource distribution of community forest 

(Maharjan 2003, Adhikari et. al, 2004). Current study site is located in flood plain areas and 

not having such key products (Sharma et. al, 2012). Accesses to collect fodder and grass are 

open for whole day to all users�. The incomes made from the BBZCF are spending according 

to the decision made from general assembly of users� group (audit report of BBZCF 1996/97 

to 2009/10). This indicated that there is less influence of household economic condition for 

benefit sharing mechanism of BBZCF. 

 
Study conducted in Chicago regarding vegetation structure with forest functions and values. 

The values of the forest were analyzed indirectly on the basis of services provided by the 

forest trees. The valuation of forest functions like removal of air pollutants, carbon 

sequestration, heating and cooling costs, reducing the wind effect were taken for the 

valuation of the forest. The result indicated that present value of long-term benefit of the 

Chicago vegetation is double than the present value of costs (McPherson et. al, 1997). 

Current economic study in BBZCF is based on the direct valuation techniques. It 

incorporated actual investment, income from the forest, and stock of the forest resources 

inside the forest. The forest function is calculated on the basis of carbon sequestration. The 

valuation from the direct cost indicated BBZCF is in loss. This study resembles with the 

findings from Chicago vegetation structure analysis that on the basis of forest function 

BBZCF is in benefit. 

 

There are the positive changes in natural resources conservation in BBZCF. The habitats are 

diversified in terms of quality and quantity. The thick bushy and thorny areas of the pre-

community managed period (KMTNC, 1997) were now incorporated two types of natural 

forests, namely Albizia lucidior and Trewia nudiflora. Similarly, the degraded grazing ground 

of the initial phases was now incorporated Acacia catechu and Dalbergia sissoo forests. The 

number of wild mammals was also increased from three species (in 2000) to 24 species (in 

2011). Before the community conservation most of the available wildlife was frequent 

visitors. The population of those species was quite lower (KMTNC, 2001) in the pre-

community management period than the post management. 
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SUMMARY AND CONCLUSION 

 

There is the close relation between human society and natural resources since the ages. The 

human society is interlinked physically, psychologically, and spiritually with the plants and 

animals. Thus, biodiversity have significant role to the local people living close to nature. 

Belief systems, religions and myths of the Indian sub-continent emphasize conservation and 

wise uses of natural resources because of the people are living within a fixed resource base. 

To reduce the destruction and rapid consumption of natural resources and to control over the 

other groups of people, property rights related to the resources utilization is in practice. The 

access, withdrawal, management, exclusion and alienation are the basic rights which direct 

the utilization of the natural resources. The indigenous people are living in natural harmony 

with wise use of the available resources. 

 

Sustainable utilization of natural resources is guided from the two schools of thoughts. The 

anthropocentric thought for utilization nature resource emphasizes to convert nature to wealth 

for the betterment of human being. However, the eco-centric thought emphasizes to conserve 

the available resources without proper usage of materials. The anthropocentric view led to 

exploitation of nature because it allows the use of available resources without any restriction. 

The eco-centric perspective is more protection oriented and does not allow the use of the 

available resources. So, there need to be the balance between these two views for the long 

term utilization of the natural resources for human welfare. 

 

Forests play a key role in climate change, both sinks and sources of carbon dioxide. It has 

been estimated that deforestation and forest degradation contribute up to 20 percent of global 

emissions of carbon dioxide annually and that standing forests sequester about 20 percent of 

global carbon dioxide emissions. Forests provide a more cost-effective means of reducing 

global carbon dioxide emissions than other sectors. If incentives could be provided to curb 

the deforestation and forest degradation plaguing many tropical countries, then forests could 

have a net positive impact on carbon sequestration and thereby contribute substantially to 

mitigating climate change. 

 

Nepal, the Himalayan country covers an area of 147,181 Km2 with an average length of 800 

km and width is 193 Km between 80040� � 88012� East to 26
022� � 30027� North. The spatial 
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location of the country is in the southern slope of the great Himalayas with mosaic of 

different physiographic and climatic condition. In such short stretch of about 150 Kms the 

altitude varies from 8,848m (Mt. Everest) height to 60 m (Kechanakalan) down in Tarai. It 

has therefore, incorporated different habitats within the short horizontal distance resulting 

high biological diversity. The floral and faunal species of Nepal represent a mixture of two 

large bio-geographic realms; the Oriental and Palaearctic. 

 

Pioneer step for biodiversity conservation was started with the establishment of rhino 

sanctuary and enactment of Wildlife Conservation Act (1958). Buffer zone concept was 

legalized from the fourth amendment of National Parks and Wildlife Conservation Act (1973) 

in 1992. On the basis of this amendment, Government of Nepal declared buffer zones around 

different protected areas. Buffer zone areas is divided in different management units as 

Functional Group, Users� Group, Users� Committee, and Buffer Zone Management 

Committee to facilitate the conservation and community development activities. The buffer 

zone community forest is a forest area in the buffer zone, whose management responsibility 

is handed over to its users� group. 

 

The study tried to analyze the ecological impacts on the structure and function of forest after 

involvement of local community in management of Baghmara Buffer Zone Community 

Forest (BBZCF). The aim of this study was to assess conservation impact through 

participatory approach on the natural resource management and the benefits to the local 

peoples. The study also aims to find out the restoration of various wildlife species, habitat 

types and their current status in the area. The specific objectives of this study were to: 1) 

analyze the different habitat types; 2) assess status of large mammal�s population and to 

compare the populations in pre- and post- management period; 3) analyze the prey structure 

of carnivores; and 4) quantify the conservation benefits from the community managed forest. 

 

The study area is BBZCF, located in Bachhauli Village Development Committee at eastern 

sector of Buffer Zone area of Chitwan National Park, Nepal. It is situated in between 

27o34.78� - 27o35.53� northern latitude and 84
o28.43� - 84o29.40� eastern longitude in 

subtropical region of central lowland at an elevation of 170 to 250 meters above sea level. 

This forest borders cultivated land to east, Budhi Rapti River to west and north and Bodreni 

village and Rapti River to south. The climate of area is sub-tropical; annual average rainfall 

(2000 � 2010) of the area is 2212.3 mm. Average annual maximum and minimum 
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temperature of the area is 30.90 C and 18.20 C, respectively. The BBZCF experiences three 

main climatic seasons namely, summer, monsoon, winter and inhabiting with five types of 

forests. The forest provided habitats for different wildlife including endangered Rhinoceros 

unicornis. The available forest, grassland and wetland areas of the study sites provided 

habitats for 24 mammalian, 6 reptilian and 211 avian species. 

 

For vegetation studies, seasonal reconnaissance was conducted for vegetation type and its 

classification. Geographic Information System (GIS), and Global Positioning System (GPS) 

were utilized to demarcate the vegetation types and to prepare geographical maps. Primary 

data on vegetation were collected by quadrates method. The quadrates were nested in 34 

parallel transects traversing east to west. The transect pass through the all habitat types of 

BBZCF. Total length of transects were 68 kilometers. Quadrates were laid in each transects 

to collect information about vegetation. Nested quadrates were laid along each transects at 

each 150 m intervals. Randomization of quadrates was employed for further study. Quadrates 

of 400 m2 (20m × 20m), 25 m2 (5m × 5m) and 1 m2 (1m × 1m) were used to collect data on 

tree, under-story and ground vegetation respectively. In case of grassland quadrates of 2.25 

m2 (1.5m × 1.5m) were used to collect data. 

 

Quadrates of 400 m2 were used to collect tree level characteristics like scientific name, local 

name, DBH and height. Standard forestry procedures were applied to collect these 

characteristics. Vernier caliper (<100 cm) and Diameter tape were used to measure DBH and 

clinometers as well as measuring tape were used to take tree height. Distance between 

quadrates was varied with the size of unit to be sampled, but were always a minimum of 50 

paces apart. Sampling was conducted at least 10m from the border of different vegetation types. 

The woody plants which has less than 5cm DBH and taller than knee height were considered 

saplings. The vegetation types were determined by ordering the Importance Values of each 

tree species. In case of grassland, Prominence Value was used for their classification. 

 

The dry weight of the tree (above ground tree biomass) was calculated by using allometric 

equation incorporated information on trunk diameter at breast height in cm, total tree height 

in m and wood-specific gravity in g cm-3. The allometric equation (AGTB = 0.0509 ρ D2 H) 

was used for the above ground tree biomass (AGTB) analysis. The biomass stock densities 

were converted to carbon stock densities by using carbon fraction of 0.47. Root-to-shoot ratio 

value of 1:5 above ground tree biomass was used to find below ground biomass. Total carbon 
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stock density of tree in particular vegetation was calculated by summing up above ground and 

below ground tree carbon stock density. 

 

Standard plot method was employed to find out the presence of wildlife in the habitat by 

indirect methods. Total complete count of animal was conducted once by direct visual 

counting technique. In total count for every large animal present in the area were performed 

using elephant ride. To reduce the double counting and missing of some animal in count the 

enumerators were placed in such a way that they could see the other enumerators in their left 

and right. The enumerator covered the entire forest by walking along the fixed compass 

bearing from one end (baseline) to another end of the forest and counting all the wildlife. In 

total 18 transects traversing the entire forest were prepared for the census. The size of 

transects was set in such a way that it can be covered by 18 enumerators, spaced at least a 

distance of 100 meters, within an hour. The animals were stalked and approached with 

minimum disturbance, counting of individual and the sex was confirmed by with the help of 

binoculars. Three enumerators were waiting in the tree platform as vantage point at the end of 

forest to count the escape animal during census. The biomass of ungulate species was 

calculated according to published data. 

 

A year round monitoring of the wild prey species with the help of two observers were 

conducted in the study area. During monitoring they were following the set transects. While 

traversing through transects they recorded the observation of the total number of wildlife seen 

in a group and numbers in different sex, age classes with weather condition, location, 

behavior, activities and time. 

 

Extensive direct observations were used to know the social structure of wildlife. The 

observations were made by traversing quietly through the forest along a grid of 2 meters 

wide. Observations in fixed places were applied to observe wildlife behavior. Five observers 

collected focal and ad lib data. The behaviors of studied wildlife were recorded by scan 

sampling for one minute at interval of 30 minutes. Active and adult individual in group, 

either male or female, was considered as focal animal. Interesting behaviors of the group 

members were recorded whenever they were observed. Observed diurnal behaviors of studied 

wildlife were recorded on six parameters namely feeding, resting, defense (running or tree 

climbing up), walking, digging, and playing. 
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For benefit analysis primary data were collected from the actual users who are affiliated or 

involved in the natural resource management activities. Data regarding the investment and 

annual income were collected from the official records. The monitory values of the previous 

investment were collected from references like signed agreement, project completion reports, 

progress reports and audit reports. The concerned references mainly included annual reports, 

detail estimates of project, request letters for the delivery of materials and audit reports. The 

Net Present Value (NPV) of the previous investments was calculated by discounting annual 

payment factor at the rate of 10% interest rate. The value of non-marketed goods was 

calculated with the help of labor cost methods. Secondary information was collected from 

different sources. Published documents like annual reports, audit reports, technical and 

financial reports of the project related to the study were the main source of secondary 

information collection. The secondary information was centered for history of the area, in 

kind and financial support for the community forest and landscape changing. 

 

A year round monitoring of the wild prey species with the help of two observers were 

conducted in the study area. During monitoring they were following the set transects. While 

traversing through transects they recorded the observation of the total number of wildlife seen 

in a group and numbers in different sex, age classes with weather condition, location, 

behavior, activities and time. 

 

Repeated extensive direct observations were used to find out the social structure of wildlife. 

The observations were made by traversing quietly through the forest along a grid of 2 meter 

wide. Observations in fixed places were applied to observe wildlife behavior continuously. 

Five observers collected focal and ad lib data. The behaviors of studied wildlife were 

recorded by scan sampling for one minute at interval of 30 minutes. Active and adult 

individual in group, either male or female, was considered as focal animal. Interesting 

behaviors of the group members were recorded whenever they were observed. Observed 

diurnal behaviors of studied wildlife were recorded on six parameters namely feeding, 

resting, defense (running or tree climbing up), walking, digging, and playing. 

 

For benefit analysis primary data were collected from the actual users who are part and parcel 

to the natural resource management activities. Data regarding the investment and annual 

income were collected from the official records. The monitory values of the previous 

investment were collected from references like signed agreement, project completion reports, 
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progress reports and audit reports. The concerned references mainly included annual reports, 

detail estimates of project, request letters for the delivery of materials and audit reports. The 

Net Present Value (NPV) of the previous investments was calculated by discounting annual 

payment factor at the rate of 10% interest rate. The value of non-marketed goods was 

calculated as per the labor cost methods. Secondary information was collected from various 

sources like published documents such as annual reports, audit reports, technical and 

financial reports of the project related to the study. The information was centered for history 

and amount of financial support for the community forest. 

 

Qualitative and quantitative approaches were used to analyze the collected information. 

Paired t-test was used to compare population size of wildlife in pre- and post- management 

period. Correlation was used to find out the relation between maturity index of forest with its 

carbon stock, income of the forest with recurring expenditure and saving of the forest with its 

income. 

 

Three habitat types namely forest, grassland and wetland were identified inside BBZCF. On 

the basis of phyto-sociology six vegetation types namely (a) Acacia catechu forest, (b) 

Albizia lucidior forest, (c) Savanna grassland, (d) Dalbergia sissoo forest, (e) Trewia 

nudiflora forest and (f) Grassland were recorded. The highest area of BBZCF was occupied 

by the Trewia nudiflora forest (29.6%), the lowest area was covered by Acacia catechu forest 

(3.7%). Savanna grassland was more mature (MI = 0.50) than other available vegetations of 

BBZCF. Study revealed that there was positive correlation between the maturity index and 

carbon stock in the forest (r = 0.5659, p < 0.05). 

 

From daily observations, 30 different species of wildlife were recorded in BBZCF. Among 

reported wildlife, 24 species are mammals and 6 species are reptiles. 12 resident barking deer 

were recorded from BBZCF. Current study records two hog deer with one adult female and 

one adult male from grassland at the edge of wetland of the community forest. There are 23 

sambar deer recorded in this community forest. The population of the spotted deer recorded is 

182. Total population of wild boar is five with more juvenile male (n = 4) and only one adult 

female. Current study revealed that marsh mugger number increases to 35 individuals. There 

is the significant increase in the population of marsh mugger and water tortoise (t= 5.49, p < 

0.05, df = 2). Only one resident male Langur monkey is observed in this forest. A total of 76 
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individuals rhesus monkey were recorded during the study. Tiger is frequent visitor and rhino 

(n = 3) become resident after managing the forest by community. 

 

The prey species recorded in BBZCF includes Axis axis, Cervus unicolor, Axis porcinus, 

Muntiacus muntjak, Macaca mulatta, Rhinoceros unicornis and Sus scrofa. Total individual 

of wildlife observed during one year monitoring period is considered as observed population. 

Individual wildlife counted during total count is considered as realized population. In total 

count 300 individuals (realized population) of prey species were recorded from BBZCF. 

Among the recorded wildlife, population of spotted deer is highest (n = 182) followed by 

rhesus monkey (n = 76), and hog deer is the lowest number of wildlife recorded (n = 2). Total 

biomass of main ungulates and primate in BBZCF is 15,966 kg. The total biomass of main 

ungulate species in the study area is 15,396 kg. The average ungulate biomass of the study 

area was 7,160.9 kg km-2. 

 

The total time spent for diurnal behavior data collection was 310 hrs. Barking deer utilized 

57.4% time for feeding and remaining time for walking 39.2%, defense (running) 2.9% and 

resting 0.5%. Spotted deer utilized 47.0% of their time for resting, 42.0% for feeding, 6.0% 

for walking and 5% for defense (running). Wild boars spent 47% time in feeding, 17% time 

for defense (running), 11% in walking, 19% resting and 6% digging soil. Rhino spend 75% 

time in feeding, 7% in walking and 18% in rest. Rhesus monkey spent 42% time for feeding, 

19% in play, 15% in rest, 11% in defense (running), 7% in tree climbing up and 6% in 

walking. Sambar spent 55% time in feeding, 35% in rest, 7% in walk, and 3% in defense 

(running). Hog deer spent 44% time for walking and 26% time for feeding, remaining 24% in 

rest and 6% in defense (running). Among the studied wildlife barking deer, rhino, rhesus 

monkey and sambar deer allotted more than 50% of time for feeding whereas  Hog deer and 

wild boar spent less than %0% time in feeding. 71% of the rhino�s diurnal time is disturbed 

due to the tourism activities. 

 

Ungulates in this analysis showed the influence of habitat on their densities. The vegetation 

succession is continuous process; it is site specific in nature. The forest area of this study site 

has been changing to tropical evergreen type of forest from a open grassland savanna type. 

Although still in the succession stage, BBZCF reflected mosaics of forest habitats preferred 

by wild mammals, especially by large herbivores. The availability of the food plants in these 

vegetations was also shaping the behavior pattern of available wildlife. 
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Number of livestock (cattle and buffaloes) within the users� household of BBZCF is not 

drastically changed from its initial phase during 1995 (n = 1808) to current phase 2011 (n = 

1803). Although, the number of livestock remains same, the numbers of hybrid livestock are 

increased from 4 to 430 individuals. Stall feeding practice is common for hybrid livestock. 

This practice helps to reduce grazing pressure inside BBZCF. The ban on livestock grazing 

plays a major role in shaping the current ungulate community. 

 

The main headings of one time investment on the buffer zone was to execute fencing, 

specifically they were: fencing poles, barbed wires, GI wires, skilled labor for fencing, hole-

digging for pole, tools, and their transportation. The Net Present Value of the investment 

made into BBZCF was US$ 392,630. Total income of the community forest up to June 2010 

is US$ 755,110. The financial resources generated by the community forest are utilizing for 

local development and natural resource conservation. The communities are seeking funds 

from BBZCF for different kinds of development activities. Total recurring expenses of the 

community forest up to June 2010 are US$ 561,810. There is positive correlation (r = 0.854, 

p < 0.05) between income and recurring expenditure of the community forest. Total saving of 

the community forest up to 2010 was US$ 193,300. The saving amount is also positively 

correlated (r = 0.509, p < 0.05) with the income of the forest. Major forest products of this 

community forest are fuel wood and timber. Considering the fuel wood and timber as the 

principle forest stock, the community forest generated the revenue of worth US$ 283,000 

including its saving. If the carbon stock is considered as the monitory stock, the resources 

from forest become worth US$ 557,300. If the timber and fuel wood is considered as 

principle forest stock, BBZCF is still in loss (US$ 109,600). If carbon is taken as monitory 

stock than the forest products are in positive balance of the amount equal to US$ 163,700. 

 

During pre-community management period Baghmara area was encroached and degraded due 

to different anthropogenic activities. After managing by local community, a mosaic of 

different habitats types restored and this forest became more secure habitats favorable for 

large mammals.  Conserved wildlife inside the BBZCF is the main income source for eco-

tourism activities. Beginning of the program was a quite difficult situation; very few people 

participate in the conservation activities in the study area. Now, whole community is quite 

dedicated to conserve this forest. 
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Densities of wild ungulate and other large mammals have increased to higher level than in 

most other tropical and sub-tropical areas. Among observed wildlife, six species were listed 

as endangered, five species are listed as vulnerable and three species are listed as near 

threatened as per IUCN red list of threatened species. Similarly, five species of recorded 

wildlife are listed as nationally protected animals. Conservation benefits have not only 

allowed the large wild mammalian community to multiply but also the users� of the forest 

have generated revenue through the ecotourism inside the forest. The area converted to a 

good forest, natural regeneration has set in, and biodiversity is getting enriched. So, this area 

becomes preferred habitats for deer species including endangered rhinoceros. 

 

During twenty two years of community management of the forest, 25 wildlife species are 

newly recorded, population of five wild ungulate and other prey species increases 

significantly (t = 2.01, p < 0.05, df = 9). Among available ungulates and primates barking 

deer, hog deer, spotted deer, rhesus monkey and wild boar are newly recorded. Analysis 

indicates that community management of the forest and the subsequent conservation efforts 

initiated by the local users� have been successful in terms of wild animal presence (30 

species), forest cover (215 ha) and income generation (per annum average 53,936 US$). Over 

all reflection of Baghmara Buffer Zone Community Forest showed that due to conservation 

efforts and people�s participation, community management of the forest benefited not only 

the large wild mammal but also the users� of the forest. 
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Annex 1 - Importance value (IV) of the tree species and Prominence value (PV) of plant species 

recorded from understory and ground vegetation in Acacia catechu forest. 

SN Plant species IV/PV 

 Tree species IV 

1. Acacia catechu (L. f.) Willd. 103.2 

2. Dalbergia sissoo Roxb. 60.9 

3. Bombax ceiba L. 53.5 

4. Albizia lucidior (Steudel) I. Neilson ex Hara 38.1 

5. Melia azedarach L. 31.2 

6. Anthocephalus chinensis (Lam.) A. Rich. ex Walp. 12.8 

 Species of understory vegetation PV 

1. Callicarpa microphylla Vahl 200.0 

2. Colebrookea oppositifolia Sm. 95.0 

3. Ehretia laevis Roxb. 61.5 

4. Dalbergia sissoo Roxb. 43.3 

5. Trewia nudiflora L. 36.1 

6. Albizia lucidior (Steudel) I. Neilson ex Hara 5.8 

 Species of ground vegetation PV 

1. Imperata cylindrica (L.) Beauvois 103.0 

2. Cynodon dactylon (L.) Pers. 20.5 

3. Ageratum conyzoides L. 18.3 

4. Dennstaedtia appendiculata 15.4 

5. Mikania micrantha Kunth 10.5 

6. Euphorbia hirta L. 9.6 

7. Trifolium repens L. 9.4 

8. Hemarthria compressa (L. f.) R. Br. 9.2 

9. Chrysopogon aciculatus (Retz.) Trin. 7.8 

10. Achyranthes aspera L. 7.4 

11. Colebrookea oppositifolia Sm. 4.5 

12. Diplazium esculentum 4.5 

13. Unidentified 4.5 

14. Eupatorium adenophorum Spreng. 3.2 

15. Flemengia sp 3.2 

16. Setaria verticiliata 3.2 

17. Phyllanthus amarus Schumacher and Thonn. 3.2 
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SN Plant species IV/PV 

18. Parthenocissus semicordata (Wall.) Planch. 3.2 

19. Callicarpa microphylla Vahl 3.2 

20. Centella asiatica (L.) Urb. 3.2 

21. Adiantum venustum 3.2 

22. Saccharum spontaneum L. 3.2 

23. Solanum surattense Burm. f. 3.2 

24. Acacia catechu (L. f.) Willd. 3.2 

25. Cyperus rotundus L. 3.2 

26. Piper longum L. 3.2 

27. Rotala rotundifolia (Buch.-Ham. ex Roxb.) Koehne 3.2 

28. Urtica dioica L. 3.2 

29. Dalbergia sissoo Roxb. 3.2 

30. Rungia parviflora (Retz.) Nees 3.2 
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Annex 2 - Importance value (IV) of the tree species and Prominence value (PV) of plant 
species recorded from understory and ground vegetation in Albizia lucidior forest. 

SN Plant species IV/PV 

Tree species IV 

1. Albizia lucidior (Steudel) I. Neilson ex Hara 86.6 

2. Bombax ceiba L. 76.2 

3. Trewia nudiflora L. 65.3 

4. Litsea lancifolia Hook. f. 40.8 

5. Dysoxylum binectariferum (Roxb.) Hook. f. ex Bedd. 7.1 

6. Mallotus philippensis (Lam.) Müll.-Arg. 5.8 

7. Dysoxylum gobara (Buch.-Ham.) Merr. 5.0 

8. Xeromphis spinosa (Thunb) Keay 3.7 

9. Miliusa velutina (Dunal) Hook. f. and Thoms. 3.1 

10. Ehretia laevis Roxb. 2.9 

11. Premna interrupta Wall. 1.5 

12. Gmelina arborea Roxb. 1.0 

13. Psidium guajava L. 0.9 

 Species of understory vegetation PV 

1. Litsea lancifolia Hook. f. 259.1 

2. Callicarpa microphylla Vahl 95.1 

3. Ardisia macrocarpa Wall. 65.7 

4. Trewia nudiflora L. 28.4 

5. Colebrookea oppositifolia Sm. 6.2 

6. Albizia lucidior (Steudel) I. Neilson ex Hara 3.8 

7. Xeromphis spinosa (Thunb) Keay 1.2 

8. Mallotus philippensis (Lam.) Müll.-Arg. 1.2 

9. Litsea monopetala (Roxb.) Pers. 0.9 

10. Calamus tenuis Roxb. 0.4 

11. Dysoxylum binectariferum (Roxb.) Hook. f. ex Bedd. 0.4 

12. Osyris wightiana Wall. 0.4 

13. Syzygium cumini (L.) Skeels 0.2 

 Species of ground vegetation PV 

1. Chrysopogon aciculatus (Retz.) Trin. 35.4 

2. Ageratum conyzoides L. 17.5 

3. Dennstaedtia appendiculata 16.5 

4. Centella asiatica (L.) Urb. 12.7 

5. Achyranthes aspera L. 11.7 

6. Flemengia sp 10.9 

7. Piper longum L. 8.8 

8. Setaria verticiliata 8.5 
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SN Plant species IV/PV 

9. Carex cruciata Wahlenb. 7.4 

10. Persicaria barbata (L.) Hara 6.8 

11. Cynodon dactylon (L.) Pers. 6.4 

12. Parthenocissus semicordata (Wall.) Planch. 6.0 

13. Adiantum venustum 6.0 

14. Ardisia macrocarpa Wall. 5.7 

15. Hemarthria compressa (L. f.) R. Br. 5.4 

16. Albizia lucidior (Steudel) I. Neilson ex Hara 5.2 

17. Hydrocotyle nepalensis Hook. 4.6 

18. Cynoglossum zeylanicum (Vahl) Thunb. ex Lehm. 4.5 

19. Unidentified 4.4 

20. Ocimum gratissimum L. 4.2 

21. Euphorbia hirta L. 4.1 

22. Oxalis corniculata L. 4.0 

23. Ludwigia hyssopifolia (G. Don) Exel 4.0 

24. Diplazium esculentum 3.7 

25. Solanum surattense Burm. f. 3.6 

26. Callicarpa microphylla Vahl 3.3 

27. Cyperus rotundus L. 2.9 

28. Trewia nudiflora L. 2.6 

29. Digitaria ciliaris (Retz.) Koeler 2.4 

30. Clerodendrum viscosum Vent. 2.4 

31. Reinwardtia indica Dumort. 2.4 

32. Pogostemon benghalensis (Burm. f.) Kuntze 2.3 

33. Xeromphis spinosa (Thunb) Keay 1.9 

34. Urtica dioica L. 1.9 

35. Trifolium repens L. 1.6 

36. Momordica dioica Roxb. ex Willd. 1.3 

37. Eupatorium adenophorum Spreng. 1.3 

38. Mallotus philippensis (Lam.) Müll.-Arg. 1.3 

39. Caesalpinia decapetala (Roth) Alston 0.9 

40. Fumaria indica (Haussk.) Pugsley 0.9 

41. Dioscorea bulbifera L. 0.9 

42. Ocimum gratissimum L. 0.9 

43. Scoparia dulcis L. 0.9 

44. Colebrookea oppositifolia Sm. 0.9 

45. Litsea monopetala (Roxb.) Pers. 0.9 

46. Imperata cylindrica (L.) Beauvois 0.9 
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Annex 3 - Importance value (IV) of the tree species and Prominence value (PV) of plant 

species recorded from understory and ground vegetation in Savanna. 

SN Tree species IV 

1. Bombax ceiba L. 158.8 

2. Dalbergia sissoo Roxb. 112.7 

3. Dysoxylum gobara (Buch.-Ham.) Merr. 28.5 

 Species of understory vegetation PV 

1. Callicarpa microphylla Vahl 99.4 

2. Dalbergia sissoo Roxb. 0.3 

 Species of ground vegetation PV 

1.  Cynodon dactylon (L.) Pers. 87.8 

2.  Setaria verticiliata 31.5 

3.  Bidens pilosa L. 29 

4.  Hemarthria compressa (L. f.) R. Br. 7.3 

5.  Piper longum L. 7.3 

6.  Imperata cylindrica (L.) Beauvois 6.7 

7.  Ageratum conyzoides L. 5.5 

8.  Digitaria ciliaris (Retz.) Koeler 4.7 

9.  Oxalis corniculata L. 4.7 

10.  Callicarpa microphylla Vahl 4.7 

11.  Cyperus rotundus L. 4.7 

12.  Justicia sp 4.7 

13.  Sonchus sp 3.9 

14.  Colocasia esculenta (L.) Schott 3.9 

15.  Gonatanthus pumilus (D. Don) Engler and Krause 2.7 

16.  Flemengia sp 2.7 

17.  Chrysopogon aciculatus (Retz.) Trin. 2.7 

18.  Scoparia dulcis L. 2.7 

19.  Lippia nodiflora (L.) Rich. 2.7 

20.  Commelina benghalensis L. 2.7 

21.  Reinwardtia indica Dumort. 2.7 

22.  Trifolium repens L. 2.7 
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Annex 4 - Importance value (IV) of the tree species and Prominence value (PV) of plant 

species recorded from understory and ground vegetation in Dalbergia sissoo forest. 

SN Plant species IV/PV 

 Tree species IV 

1.  Dalbergia sissoo Roxb. 222.1 

2.  Trewia nudiflora L. 33.5 

3.  Bombax ceiba L. 16.9 

4.  Acacia catechu (L. f.) Willd. 9.6 

5.  Leucaena leucocephala (Lam.) De Wit 7.8 

6.  Litsea monopetala (Roxb.) Pers. 3.4 

7.  Albizia procera (Roxb.) Benth. 3.0 

8.  Ehretia laevis Roxb. 2.2 

9.  Dysoxylum gobara (Buch.-Ham.) Merr. 1.6 

 Species of understory vegetation PV 

1.  Callicarpa microphylla Vahl 75.3 

2.  Colebrookea oppositifolia Sm. 63.4 

3.  Litsea lancifolia Hook. f. 48.8 

4.  Ardisia macrocarpa Wall. 41.7 

5.  Dalbergia sissoo Roxb. 36.3 

6.  Trewia nudiflora L. 14.6 

7.  Ehretia laevis Roxb. 13.5 

8.  Litsea monopetala (Roxb.) Pers. 6.2 

 Species of ground vegetation PV 

1.  Imperata cylindrica (L.) Beauvois 32.0 

2.  Mikania micrantha Kunth 23.2 

3.  Setaria verticiliata 18.8 

4.  Dennstaedtia appendiculata 9.3 

5.  Parthenocissus semicordata (Wall.) Planch. 8.8 

6.  Ageratum conyzoides L. 8.2 

7.  Chrysopogon aciculatus (Retz.) Trin. 6.8 

8.  Diplazium esculentum 6.7 

9.  Piper longum L. 6.6 

10.  Bidens pilosa L. 6.5 

11.  Pogostemon benghalensis (Burm. f.) Kuntze 6.5 

12.  Urtica dioica L. 6.5 

13.  Cynodon dactylon (L.) Pers. 5.9 

14.  Commelina benghalensis L. 5.9 

15.  Hemarthria compressa (L. f.) R. Br. 5.8 



~ 127 ~ 
 

SN Plant species IV/PV 

16.  Unidentified 5.0 

17.  Eupatorium adenophorum Spreng. 4.9 

18.  Digitaria ciliaris (Retz.) Koeler 4.9 

19.  Clerodendrum viscosum Vent. 4.9 

20.  Sida acuta Burm. f. 4.4 

21.  Trifolium repens L. 4.3 

22.  Callicarpa microphylla Vahl 2.6 

23.  Saccharum spontaneum L. 2.6 

24.  Solanum surattense Burm. f. 2.4 

25.  Colocasia esculenta (L.) Schott 2.4 

26.  Achyranthes aspera L. 2.3 

27.  Simpudina 2.3 

28.  Centella asiatica (L.) Urb. 1.9 

29.  Lippia nodiflora (L.) Rich. 1.9 

30.  Scoparia dulcis L. 1.7 

31.  Oxalis corniculata L. 1.5 

32.  Apluda mutica L. 1.5 

33.  Rungia parviflora (Retz.) Nees 1.5 

34.  Circium wallichii DC. 1.2 

35.  Litsea monopetala (Roxb.) Pers. 1.2 

36.  Persicaria barbata (L.) Hara 1.2 

37.  Reinwardtia indica Dumort. 1.2 

38.  Dalbergia sissoo Roxb. 1.2 

39.  Fimbristylis bisumbellata (Forssk.) Bubani 1.2 

40.  Bandhaniya 0.9 

41.  Digitaria ciliaris (Retz.) Koeler 0.9 

42.  Ardisia macrocarpa Wall. 0.9 

43.  Colebrookea oppositifolia Sm. 0.9 

44.  Equisetum debile 0.9 

45.  Fumaria indica (Haussk.) Pugsley 0.9 

46.  Acacia catechu (L. f.) Willd. 0.9 

47.  Ludwigia hyssopifolia (G. Don) Exel 0.9 

48.  Osyris wightiana Wall. 0.9 

49.  Flemingia strobilifera (L.) Ait. 0.9 

50.  Bombax ceiba L. 0.9 

51.  Trewia nudiflora L. 0.9 
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Annex 5 - Importance value (IV) of the tree species and Prominence value (PV) of plant 

species recorded from understory and ground vegetation in Trewia nudiflora 

forest. 

SN Plant species IV/PV 

 Tree species 
 

1.  Trewia nudiflora L. 97.0 

2.  Bombax ceiba L. 79.7 

3.  Albizia lucidior (Steudel) I. Neilson ex Hara 43.5 

4.  Litsea lancifolia Hook. f. 43.2 

5.  Litsea monopetala (Roxb.) Pers. 7.5 

6.  Ehretia laevis Roxb. 7.2 

7.  Dysoxylum gobara (Buch.-Ham.) Merr. 5.0 

8.  Mallotus philippensis (Lam.) Müll.-Arg. 4.4 

9.  Dysoxylum binectariferum (Roxb.) Hook. f. ex Bedd. 3.6 

10.  Terminalia alata Heyne ex Roth 2.0 

11.  Bischofia javanica Blume 1.8 

12.  Careya arborea Roxb. 1.5 

13.  Xeromphis spinosa (Thunb) Keay 1.3 

14.  Lagerstroemia parviflora Roxb. 1.0 

15.  Xeromphis uliginosa (Retz.) Maheshwari 1.0 

16.  Miliusa velutina (Dunal) Hook. f. and Thoms. 0.9 

 Species of understory vegetation PV 

1.  Litsea lancifolia Hook. f. 95.4 

2.  Ardisia macrocarpa Wall. 77.3 

3.  Callicarpa microphylla Vahl 67.1 

4.  Calamus tenuis Roxb. 57.7 

5.  Trewia nudiflora L. 30.0 

6.  Colebrookea oppositifolia Sm. 28.0 

7.  Xeromphis spinosa (Thunb) Keay 23.7 

8.  Albizia lucidior (Steudel) I. Neilson ex Hara 22.7 

9.  Zizyphus mauritiana Lam. 12.9 

10.  Careya arborea Roxb. 9.1 

11.  Litsea monopetala (Roxb.) Pers. 6.5 

12.  Mallotus philippensis (Lam.) Müll.-Arg. 4.6 
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SN Plant species IV/PV 

 Species of ground vegetation PV 

1.  Imperata cylindrica (L.) Beauvois 90.8 

2.  Setaria verticiliata 27.4 

3.  Chrysopogon aciculatus (Retz.) Trin. 27.2 

4.  Centella asiatica (L.) Urb. 14.7 

5.  Dennstaedtia appendiculata 12.6 

6.  Ageratum conyzoides L. 11.8 

7.  Saccharum spontaneum L. 9.1 

8.  Ardisia macrocarpa Wall. 8.6 

9.  Trifolium repens L. 8.6 

10.  Bidens pilosa L. 8.2 

11.  Hemarthria compressa (L. f.) R. Br. 8.1 

12.  Achyranthes aspera L. 7.8 

13.  Reinwardtia indica Dumort. 7.1 

14.  Cynodon dactylon (L.) Pers. 6.5 

15.  Equisetum debile 6.0 

16.  Flemengia sp 6.0 

17.  Unidentified 5.9 

18.  Commelina benghalensis L. 5.8 

19.  Parthenocissus semicordata (Wall.) Planch. 5.1 

20.  Oxalis corniculata L. 4.7 

21.  Diplazium esculentum 4.7 

22.  Callicarpa microphylla Vahl 4.4 

23.  Litsea lancifolia Hook. f. 4.3 

24.  Piper longum L. 4.2 

25.  Persicaria barbata (L.) Hara 4.2 

26.  Albizia lucidior (Steudel) I. Neilson ex Hara 3.9 

27.  Simpudina 3.9 

28.  Digitaria ciliaris (Retz.) Koeler 3.7 

29.  Cyperus rotundus L. 3.6 

30.  Calamus tenuis Roxb. 3.2 

31.  Marsilea crenata 3.1 

32.  Cynoglossum zeylanicum (Vahl) Thunb. ex Lehm. 3.0 

33.  Trewia nudiflora L. 3.0 
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SN Plant species IV/PV 

34.  Crotolaria sp 2.6 

35.  Solanum surattense Burm. f. 2.4 

36.  Ludwigia hyssopifolia (G. Don) Exel 2.4 

37.  Urtica dioica L. 2.4 

38.  Clerodendrum viscosum Vent. 1.9 

39.  Sida acuta Burm. f. 1.8 

40.  Scoparia dulcis L. 1.8 

41.  Caesalpinia decapetala (Roth) Alston 1.6 

42.  Eclipta prostrata L. 1.6 

43.  Zizyphus mauritiana Lam. 1.1 

44.  Colebrookea oppositifolia Sm. 1.1 

45.  Euphorbia hirta L. 1.1 

46.  Colocasia esculenta (L.) Schott 1.1 

47.  Flemengia sp 0.8 

48.  Ocimum gratissimum L. 0.8 

49.  Dysoxylum binectariferum (Roxb.) Hook. f. ex Bedd. 0.8 

50.  Katahar phul 0.8 

51.  Fimbristylis bisumbellata (Forssk.) Bubani 0.8 

52.  Helmenthostachys zeylanica 0.8 

53.  Pogostemon benghalensis (Burm. f.) Kuntze 0.8 

54.  Mallotus philippensis (Lam.) Müll.-Arg. 0.8 
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Annex 6 � Prominence value (PV) of plant species in grassland area. 

SN Species PV 

1.  Imperata cylindrica (L.) Beauvois 178.9 

2.  Cynodon dactylon (L.) Pers. 108.6 

3.  Saccharum spontaneum L. 53.9 

4.  Trifolium repens L. 48.4 

5.  Bidens pilosa L. 28.0 

6.  Hemarthria compressa (L. f.) R. Br. 19.2 

7.  Ageratum conyzoides L. 18.3 

8.  Eclipta prostrata L. 16.0 

9.  Cyperus rotundus L. 15.4 

10.  Setaria verticiliata 13.7 

11.  Scoparia dulcis L. 12.9 

12.  Trewia nudiflora L. 12.9 

13.  Sonchus sp 11.9 

14.  Unidentified 11.8 

15.  Reinwardtia indica Dumort. 9.8 

16.  Lippia nodiflora (L.) Rich. 9.7 

17.  Crotolaria sp 8.5 

18.  Equisetum debile 8.5 

19.  Indigofera pulchella Roxb. 7.0 

20.  Phyllanthus amarus Schumacher and Thonn. 6.0 

21.  Saussurea heteromalla (D. Don) Hand.-Mazz. 6.0 

22.  Phragmites karka (Retz.) Trin. ex Steudel 6.0 

23.  Albizia lucidior (Steudel) I. Neilson ex Hara 6.0 

24.  Flemengia sp 5.1 

25.  Lichi jhar 5.1 

26.  Cassia tora L. 5.1 

27.  Eleusine indica (L.) Gaertn. 4.9 

28.  Acacia catechu (L. f.) Willd. 4.8 

29.  Dalbergia sissoo Roxb. 4.8 

30.  Justicia procumbens L. 3.9 

31.  Simpudina 3.4 

32.  Sida acuta Burm. f. 1.7 

33.  Callicarpa microphylla Vahl 1.7 

34.  Ficus semicordata Buch.-Ham. ex Sm. 1.2 

35.  Vetiveria zizanoides (L.) Nash 1.2 

36.  Ludwigia hyssopifolia (G. Don) Exel 1.2 

37.  Apluda mutica L. 1.2 

38.  Hydrocotyle nepalensis Hook. 1.2 

39.  Dennstaedtia appendiculata 1.2 
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Annex 7 � Observed number of rhinoceros. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 

Average 

number 

January 2 1 0 1 0 0 0 4 3 1.3 

February 0 2 2 0 0 0 0 4 2 2.0 

March 1 1 0 1 0 0 0 3 2 1.5 

April 0 2 0 0 0 1 0 3 2 1.5 

May 1 3 0 0 0 1 1 6 3 2.0 

June 1 1 0 0 0 1 0 3 2 1.5 

July 3 0 0 0 0 0 0 3 3 1.0 

August 3 5 0 0 1 4 0 13 5 2.6 

September 0 2 0 0 2 0 0 4 2 2.0 

October 0 1 0 0 1 0 0 2 1 2.0 

November 0 1 1 0 0 0 0 2 1 2.0 

December 1 0 0 0 0 0 1 2 2 1.0 

Total 12 19 3 2 4 7 2 49 28 1.8 
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Annex 8 � Observed number of sambar deer. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 
Average number 

January 2 12 0 1 0 1 1 17 6 2.8 

February 2 10 3 0 0 0 3 18 5 3.6 

March 4 7 0 0 0 0 0 11 4 2.8 

April 1 5 0 0 0 1 0 7 3 2.3 

May 2 0 0 0 0 0 0 2 2 1.0 

June 0 1 0 0 0 0 1 2 1 2.0 

August 1 6 0 0 0 5 0 12 3 4.0 

September 1 1 0 0 0 2 0 4 2 2.0 

October 1 2 0 0 0 1 0 4 2 2.0 

November 0 0 0 0 0 0 3 3 2 1.5 

Total 14 44 3 1 0 10 8 80 30 2.7 
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Annex 9 � Observed number of spotted deer. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 
Average number

January 78 84 17 13 1 5 10 208 16 13.0 

February 28 29 6 0 0 1 8 72 8 9.0 

March 28 52 0 0 0 0 22 102 7 14.6 

May 33 62 7 6 0 24 4 136 7 19.4 

April 19 15 4 4 0 12 0 54 7 7.7 

June 8 11 0 2 0 6 0 27 4 6.8 

July 16 26 1 2 0 15 0 60 4 15.0 

August 20 27 0 0 0 18 12 77 4 19.3 

September 5 5 0 0 0 4 0 14 4 3.5 

October 20 17 0 0 0 8 26 71 6 11.8 

November 7 5 0 0 0 0 112 124 11 11.3 

December 4 5 0 0 0 0 252 261 12 21.8 

Total 266 338 35 27 1 93 446 1206 90 13.4 
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Annex 10 - Observed number of wild boar. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 

Average 

number 

January 5 6 4 0 0 0 5 20 5 4.0 

February 4 7 1 0 0 0 11 23 4 5.8 

March 5 6 0 0 0 0 11 22 4 5.5 

April 0 3 0 0 0 8 0 11 2 5.5 

May 0 1 0 0 2 0 3 6 2 3.0 

June 1 3 0 0 0 0 1 5 3 1.7 

July 1 2 0 0 0 0 0 3 1 3.0 

August 1 0 0 0 0 0 0 1 1 1.0 

October 0 1 0 0 0 5 0 6 1 6.0 

November 0 0 0 0 0 0 15 15 3 5.0 

December 2 1 0 0 0 0 13 16 3 5.3 

Total 19 30 5 0 2 13 59 128 29 4.4 
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Annex 11 - Observed number of hog deer. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 

Average 

number 

October 2 2 0 0 0 0 0 4 3 1.3 

November 5 5 0 0 0 0 0 10 9 1.1 

December 4 4 0 0 0 0 0 8 5 1.6 

Total 0 0 0 0 0 0 22 22 17 1.3 
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Annex 12 - Observed number of barking deer. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 

Average 

number 

January 1 5 0 0 0 0 0 6 6 1.0 

February 4 6 0 0 0 0 0 10 5 2.0 

March 2 2 0 0 0 0 0 4 4 1.0 

April 5 3 0 0 0 0 0 8 5 1.6 

June 4 0 0 0 0 0 0 4 3 1.3 

July 1 0 0 0 0 0 0 1 1 1.0 

August 3 2 0 0 0 2 0 7 3 2.3 

September 1 3 0 0 0 0 0 3 1 3.0 

October 1 1 0 0 0 0 0 2 1 2.0 

Total 22 22 0 0 0 2 0 45 29 1.6 
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Annex 13 - Observed number of rhesus monkey. 

Months AM AF SM SF JM JF UN Total # 
Observation 

frequency 

Average 

number 

January 53 83 4 6 2 4 6 158 6 26.3 

March 18 12 0 0 0 0 0 30 5 6.0 

April 23 57 6 3 4 6 5 104 6 17.3 

May 32 67 4 7 3 3 2 118 6 19.7 

June 10 23 4 6 2 3 3 51 3 17.0 

July 25 40 5 7 2 3 4 86 3 28.7 

August 23 45 3 8 0 5 0 84 5 16.8 

September 8 12 3 2 2 1 4 32 3 10.7 

October 13 32 5 4 3 2 5 64 4 16.0 

November 52 105 13 18 7 9 10 214 9 23.8 

December 32 62 7 15 3 4 4 127 6 21.2 

Total 289 538 54 76 28 40 43 1068 56 19.1 
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Annex 14 � Name of plant species with eating frequency by spotted deer and rhino 

during their feeding time. 

Name of plant species 
Eating frequency (%) 

Spotted deer Rhino 

Cynodon dactylon (L.) Pers. 29.4 27.3 

Ageratum conyzoides L. 20.6 -- 

Imperata cylindrica (L.) Beauvois 20.6 18.2 

Rungia parviflora (Retz.) Nees 8.8 9.1 

Oxalis corniculata L. 5.9 -- 

Hemarthrua compressa (L. f.) R. Br. 2.9 -- 

Eleusine indica (L.) Gaertn. 2.9 -- 

Mikania micrantha Kunth 2.9 -- 

Bombax ceiba L. 2.9 -- 

Artemisia indica Willd. 2.9 -- 

Callicarpa microphylla Vahl -- 18.2 

Digitaria ciliaris (Retz.) Koeler -- 9.1 

Circium arvense (L.) Soop -- 9.1 

Diplazium esculentum -- 9.1 
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Annex 15 � Name, families, types, and status of recorded bird species. 

SN Families Genus Species Common name Type Status 

1 

Accipitridae 

Accipiter 

badius Shikra Forest --- 

2 nisus Eurasian Sparrowhawk Forest --- 

3 trivirgatus Crested Goshawk Forest --- 

4 Aquila pomarina Indian Spotted Eagle Forest Endangered 

5 Aviceda leuphotes Black Baza Forest --- 

6 Butastur teesa White-eyed Buzzard Forest --- 

7 Circaetus gallicus Short-toed Snake Eagle Forest --- 

8 Circus melanoleucos Pied Harrier Forest --- 

9 Elanus caeruleus Black-shouldered Kite Forest --- 

10 Gyps bengalensis White-rumped Vulture Forest Endangered 

11 Haliastur indus Brahminy Kite Forest --- 

12 Milvus migrans Black Kite Forest --- 

13 Neophron percnopterus Egyptian Vulture Forest Endangered 

14 Pandion haliaetus Osprey Forest --- 

15 Spilornis cheela Crested Serpent Eagle Forest --- 

16 Spizaetus cirrhatus Changeable Hawk Eagle Forest --- 

17 Alaudidae Galerida cristata Crested Lark Forest --- 

18 Alcedinidae Alcedo atthis Common Kingfisher Forest --- 

19 Anatidae Anas crecca Common Teal Water --- 

20 Anhingidae Anhinga melanogaster Oriental Darter Water --- 

21 

Ardeidae 

Ardea purpurea Purple Heron Water --- 

22 Ardeola grayii Indian Pond Heron Water --- 

23 Bubulcus ibis Cattle Egret Water --- 

24 Butorides striatus Little Heron Water --- 

25 Casmerodius albus Great Egret Water --- 

26 Egretta garzetta Little Egret Water --- 

27 Ixobrychus cinnamomeus Cinnamon Bittern Water --- 

28 Mesophoyx intermedia Intermediate Egret Water --- 

29 Nycticorax nycticorax Black-crowned Night Heron Water --- 

30 Bucerotidae Anthracoceros albirostris Oriental Pied-Hornbill Forest --- 

31 Burhinidae Burhinus oedicnemus Eurasian Thick-knee Water --- 

32 

Caprimulgidae 

Caprimulgus 
asiaticus Indian Nightjar Forest --- 

33 macrurus Large-tailed Nightjar Forest --- 

34 
Centropus 

bengalensis Lesser Coucal Forest --- 

35 sinensis Greater Coucal Forest --- 
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SN Families Genus Species Common name Type Status 

36 Cerylidae Ceryle rudis Pied Kingfisher Forest --- 

37 

Charadriidae 

Charadrius dubius Little Ringed Plover Water --- 

38 

Vanellus 

cinereus Grey-headed Lapwing Water --- 

39 duvaucelii River Lapwing Water --- 

40 indicus Red-wattled Lapwing Water --- 

41 malarbaricus Yellow-wattled Lapwing Water --- 

42 

Ciconiidae 

Anastomus oscitans Asian Openbill Water --- 

43 
Ciconia 

episcopus Woolly-necked Stork Water --- 

44 nigra Black Stork Water Protected 

45 Leptoptilos javanicus Lesser Adjutant Water Endangered 

46 

Cisticolidae 

Cisticola juncidis Zitting Cisticola Forest --- 

47 

Prinia 

burnesii nepalicola Rufous-vented Prinia Forest --- 

48 flaviventris Yellow-bellied Prinia Forest --- 

49 inornata Plain Prinia Forest --- 

50 sylvatica Jungle Prinia Forest --- 

51 

Columbidae 

Chalcophaps indica Emerald Dove Forest --- 

52 

Streptopelia 

chinensis Spotted Dove Forest --- 

53 decaocto Eurasian Collared Dove Forest --- 

54 orientalis Oriental Turtle Dove Forest --- 

55 
Treron 

apicauda Pin-tailed Green Pigeon Forest --- 

56 bicincta Orange-breasted Green Pigeon Forest --- 

57 
Coraciidae 

Coracias benghalensis Indian Roller Forest --- 

58 Eurystomus orientalis Dollar bird Forest --- 

59 

Corvidae 

Aegithina tiphia Common Iora Forest --- 

60 Artamus fuscus Ashy Woodswallow Forest --- 

61 
Coracina 

macei Large Cuckooshrike Forest --- 

62 melanoptera Black-headed Cuckooshrike Forest --- 

63 
Corvus 

macrorhynchos Large-billed Crow Forest --- 

64 splendens House Crow Forest --- 

65 Dendrocitta formosae Grey Treepie Forest --- 

66 

Dicrurus 

annectans Crow-billed Drongo Forest --- 

67 caerulescens White-bellied Drongo Forest --- 

68 hottentottus Spangled Drongo Forest --- 

69 leucophaeus Ashy Drongo Forest --- 

70 macrocercus Black Drongo Forest --- 

71 paradiseus Greater Racket-tailed Drongo Forest --- 

72 Oriolus oriolus Eurasian Golden Oriole Forest --- 
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SN Families Genus Species Common name Type Status 

73 xanthornus Black-hooded Oriole Forest --- 

74 
Pericrocotus 

cinnamomeus Small Minivet Forest --- 

75 flammeus Scarlet Minivet Forest --- 

76 
Tephrodornis 

gularis Large Woodshrike Forest --- 

77 pondicerianus Common Woodshrike Forest --- 

78 Terpsiphone paradisi Asian Paradise-flycatcher Forest --- 

79 

Cuculidae 

Clamator jacobinus Pied Cuckoo Forest --- 

80 

Cuculus 

canorus Eurasian Cuckoo Forest --- 

81 micropterus Indian Cuckoo Forest --- 

82 poliocephalus Lesser Cuckoo Forest --- 

83 Eudynamys scolopacea Asian Koel Forest --- 

84 
Hierococcyx 

sparverioides Large Hawk Cuckoo Forest --- 

85 varius Common Hawk Cuckoo Forest --- 

86 Phaenicophaeus tristis Green-billed Malkoha Forest --- 

87 Surniculus lugubris Drongo Cuckoo Forest --- 

88 
Dacelonidae 

Halcyon smyrnensis White-throated Kingfisher Forest --- 

89 Pelargopsis capensis Stork-billed Kingfisher Forest --- 

90 Dendrocygnidae Dendrocygna javanica Lesser Whistling Duck Water --- 

91 

Falconidae 
Falco 

peregrinus Peregrine Falcon Forest --- 

92 tinnunculus Common Kestrel Forest --- 

93 Microhierax caerulescens Collared Falconet Forest --- 

94 

Fringillidae 

Carpodacus erythrinus Common Rosefinch Forest --- 

95 Emberiza aureola Yellow-breasted Bunting Forest Endangered 

96 Melophus lathami Crested Bunting Forest --- 

97 Hemiprocnidae Hemiprocne coronata Crested Treeswift Forest --- 

98 

Hirundinidae 
Hirundo 

fluvicola Streak-throated Swallow Forest --- 

99 rustica Barn Swallow Forest --- 

100 Riparia riparia Sand Martin Forest --- 

101 Indicatoridae Indicator xanthonotus Yellow-rumped Honeyguide Forest --- 

102 Irenidae Chloropsis aurifrons Golden-fronted Leafbird Forest --- 

103 

Laniidae Lanius 

cristatus Brown Shrike Forest --- 

104 isabellinus Rufous-tailed Shrike Forest --- 

105 schach Long-tailed Shrike Forest --- 

106 tephronotus Grey-backed Shrike Forest --- 

107 vittatus Bay-backed Shrike Forest --- 

108 Megalaimidae Megalaima asiatica Blue-throated Barbet Forest --- 
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SN Families Genus Species Common name Type Status 

109 lineata Lineated Barbet Forest --- 

110 virens Great Barbet Forest --- 

111 

Meropidae 
Merops 

leschenaulti Chestnut-headed Bee-eater Forest --- 

112 orientalis Green Bee-eater Forest --- 

113 philippinus Blue-tailed Bee-eater Forest --- 

114 Nyctyornis athertoni Blue-bearded Bee-eater Forest --- 

115 

Muscicapidae 

Copsychus malabaricus White-rumped Shama Forest --- 

116 Culicicapa ceylonensis Grey-headed Canary Flycatcher Forest --- 

117 Eumyias thalassina Verditer Flycatcher Forest --- 

118 

Ficedula 

(parva) parva Red-breasted Flycatcher Forest --- 

119 hodgsonii Slaty-backed Flycatcher Forest --- 

120 monileger White-gorgeted Flycatcher Forest --- 

121 tricolor Slaty-blue Flycatcher Forest --- 

122 
Luscinia  

calliope Siberian Rubythroat Forest --- 

123 svecica Bluethroat Forest --- 

124 Muscicapa dauurica Asian Brown Flycatcher Forest --- 

125 Niltava sundara Rufous-bellied Niltava Forest --- 

126 Phoenicurus ochruros Black Redstart Forest --- 

127 
Saxicola 

caprata Pied Bushchat Forest --- 

128 ferrea Grey Bushchat Forest --- 

129 Saxicoloides fulicata Indian Robin Forest --- 

130 

Turdus 

naumanni Dusky Thrus Forest --- 

131 ruficollis Dark-throated Thrush Forest --- 

132 unicolor Tickell�s Thrush Forest --- 

133 Zoothera citrina Orange-headed Thrush Forest --- 

134 
Nectariniidae 

Anthreptes singalensis Ruby-cheeked Sunbird Forest --- 

135 Nectarinia asiatica Purple Sunbird Forest --- 

136 Paridae Parus major Great Tit Forest --- 

137 

Passeridae 

Amandava amandava Red Avadavat Forest --- 

138 

Anthus 

godlewskii Blyth's Pipit Forest --- 

139 rufulus Paddyfield Pipit Forest --- 

140 trivialis Tree Pipit Forest --- 

141 Dendronanthus indicus Forest Wagtail Forest --- 

142 

Lonchura  

malacca Black-headed Munia Forest --- 

143 punctulata Scaly-breasted Munia Forest --- 

144 striata White-rumped Munia Forest --- 

145 Motacilla alba White Wagtail Forest --- 
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SN Families Genus Species Common name Type Status 

146 cinerea Grey Wagtail Forest --- 

147 citreola Citrine Wagtail Forest --- 

148 flava Yellow Wagtail Forest --- 

149 
Passer 

domesticus House Sparrow Forest --- 

150 montanus Eurasian Tree Sparrow Forest --- 

151 Ploceus philippinus Baya Weaver Forest --- 

152 Phalacrocoracidae Phalacrocorax carbo Great Cormorant Water --- 

153 

Phasianidae 

Arborophila rufogularis Rufous-throated Partridge Forest --- 

154 Gallus gallus Red Junglefowl Forest --- 

155 Pavo cristatus Indian Peafowl Forest --- 

156 

Picidae 

Dendrocopos 

canicapillus Grey-capped pygmy woodpecker Forest --- 

157 cathpharius Crimson-breasted Woodpecker Forest --- 

158 macei Fulvous-breasted Woodpecker Forest --- 

159 mahrattensis Yellow-crowned Woodpecker Forest --- 

160 Gecinulus grantia Pale-headed Woodpecker Forest --- 

161 Jynx torquilla Eurasian Wryneck Forest --- 

162 Mulleripicus pulverulentus Great Slaty Woodpecker Forest --- 

163 Pittidae Pitta brachyura Indian Pitta Forest --- 

164 Podicipedidae Tachybaptus ruficollis Little Grebe Water --- 

165 

Psittacidae 
Psittacula 

cyanocephala Plum-headed Parakeet Forest --- 

166 eupatria Alexandrine Parakeet Forest --- 

167 Psittacula krameri Rose-ringed Parakeet Forest --- 

168 

Pycnonotidae 

Hypsipetes leucocephalus Black Bulbul Forest --- 

169 

Pycnonotus 

cafer Red-vented Bulbul Forest --- 

170 jocosus Red-whiskered Bulbul Forest --- 

171 melanicterus Black-crested Bulbul Forest --- 

172 

Rallidae 

Amaurornis 
akool Brown Crake Water --- 

173 phoenicurus White-breasted Waterhen Water --- 

174 Fulica atra Common Coot Water --- 

175 Gallinula chloropus Common Moorhen Water --- 

176 Porzana fusca Ruddy-breasted Crake Water --- 

177 

Scolopacidae 

Actitis hypoleucos Common Sandpiper Water --- 

178 Calidris temminckii Temminck's Stint Water --- 

179 Gallinago stenura Pintail Snipe Water --- 

180 
Tringa 

nebularia Common Greenshank Water --- 

181 ochropus Green Sandpiper Water --- 

182 Sittidae Sitta castanea Chestnut-bellied Nuthatch Forest --- 
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SN Families Genus Species Common name Type Status 

183 frontalis Velvet-fronted Nuthatch Forest --- 

184 

Strigidae 

Athene brama Spotted Owlet Forest --- 

185 
Glaucidium 

cuculoides Asian Barred Owlet Forest --- 

186 radiatum Jungle Owlet Forest --- 

187 Ketupa zeylonensis Brown Fish Owl Forest --- 

188 Ninox scutulata Brown Hawk-Owl Forest --- 

189 Otus bakkamoena Collared Scops Owl Forest --- 

190 

Sturnidae 

Acridotheres 

fuscus Jungle Myna Forest --- 

191 ginginianus Bank Myna Forest --- 

192 tristis Common Myna Forest --- 

193 Saroglossa spiloptera Spot-winged Starling Forest --- 

194 
Sturnus 

contra Asian Pied Starling Forest --- 

195 malabaricus Chestnut-tailed Starling Forest --- 

196 

Sylviidae 

Abroscopus albogularis Rufous-faced Warbler Forest --- 

197 Acrocephalus agricola Paddyfield Warbler Forest --- 

198 Gampsorhynchus rufulus White-hooded Babbler Forest --- 

199 Orthotomus sutorius Common Tailorbird Forest --- 

200 Pellorneum ruficeps Puff-throated Babbler Forest --- 

201 

Phylloscopus 

affinis Tickell's Leaf Warbler Forest --- 

202 fuligiventer Smoky Warbler Forest --- 

203 magnirostris Large-billed Leaf Warbler Forest --- 

204 reguloides Blyth's Leaf Warbler Forest --- 

205 tytleri Tytler's Leaf Warbler Forest --- 

206 Sylvia curruca Lesser Whitethroat Forest --- 

207 
Turdoides 

earlei Striated Babbler Forest --- 

208 striatus Jungle Babbler Forest --- 

209 Threskiornithidae Pseudibis papillosa Black Ibis Water --- 

210 Upupidae Upupa epops Common Hoopoe Forest --- 

211 Zosteropidae Zosterops palpebrosus Oriental White-eye Forest --- 
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Annex 16 � Name of endangered bird species recorded from Baghmara Buffer Zone 
Community Forest on the basis of endangered species list of Bird Life 
International. 

SN Common name Scientific name 

1 Alexandrine Parakeet Psittacula eupatria 

2 Ashy Prinia Prinia socialis 

3 Ashy Woodswallow Artamus fuscus 

4 Black Baza Aviceda leuphotes 

5 Black Ibis Pseudibis papillosa 

6 Black-rumped Flameback Dinopium benghalense 

7 Black-winged Cuckooshrike Coracina melaschistos 

8 Blossom-headed Parakeet Psittacula roseata 

9 Blue-bearded Bee-eater Nyctyornis athertoni 

10 Blue-throated Barbet Megalaima asiatica 

11 Chestnut-tailed Starling Sturnus malabaricus 

12 Collared Falconet Microhierax caerulescens 

13 Common Tailorbird Orthotomus sutorius 

14 Common Woodshrike Tephrodornis pondicerianus 

15 Crow-billed Drongo Dicrurus annectans 

16 Himalayan Flameback Dinopium shorii 

17 Indian Peafowl Pavo cristatus 

18 Jungle Babbler Turdoides striatus 

19 Jungle Myna Acridotheres fuscus 

20 Jungle Owlet Glaucidium radiatum 

21 Jungle Prinia Prinia sylvatica 

22 Lineated Barbet Megalaima lineata 

23 Plain Prinia Prinia inornata 

24 Red-vented Bulbul Pycnonotus cafer 

25 Red-whiskered Bulbul Pycnonotus jocosus 

26 Rose-ringed Parakeet Psittacula krameri 

27 Rosy Minivet Pericrocotus roseus 

28 Rufous Treepie Dendrocitta vagabunda 

29 Small Minivet Pericrocotus cinnamomeus 

30 Spotted Owlet Athene brama 

31 Spot-winged Starling Saroglossa spiloptera 

32 Tawny Fish Owl Ketupa flavipes 

33 White-bellied Drongo Dicrurus caerulescens 

34 White-browed Fantail Rhipidura aureola 

35 White-rumped Vulture Gyps bengalensis 

36 Yellow-footed Green Pigeon Treron phoenicoptera 
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Figure 29 � Topographic map of Baghmara Buffer Zone Community Forest during 
1953 � 1957 (bordered with red color). 
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Photoplate 2 � Interaction with the users� during the study. 
 

 

Photoplate 3 � Field survey is going on during the collection of field data. 
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Photoplate 4 � Pellets of Spotted deer recorded during monitoring. 
 

 

Photoplate 5 � Stretch mark of Sloth bear on Trewia nudiflora tree. 
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Photoplate 6 � Technicians are returning back after completing the total count of wild 
animals. 
 

 

Photoplate 7 � Managed short grassland used as grazing land for wild herbivores. 
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Photoplate 8 � Padke (Albizia lucidior) forest. 
 

 

Photoplate 9 � Vellor (Trewia nudiflora) forest. 
 



Photoplate 10 � Barbed wire fence around the forest
 

Photoplate 11 � Musahar tal, one of the wetland constructed inside BBZCF
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Barbed wire fence around the forest. 

Musahar tal, one of the wetland constructed inside BBZCF.

 

 

. 
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Photoplate 12 � Timber collected from first thinning operation conducted in 1995. 
 

 

Photoplate 13 � Eco-tourism (canoe-ride and elephant safari) is major source of income. 
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(a) 

 

(b) 

 

 

 

(c) 

Photoplate 14 � Observation tower in the middle of forest (a) - under construction 
during 1995, (b) - after construction in 1996, (c) - current photograph. 
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ABSTRACT 

A year round monitoring of large wild mammals was conducted from April 2010 to March 2011 in 
Baghmara Buffer Zone Community forest at central lowland area of Nepal. The main objective of the 
study was to assess large wild mammals’ population in pre– and post– community management 
period. Direct observations either by establishment of transects passing through different habitats or 
scan count of the total area were applied to find out the population of large mammals. During pre-
community management period, only two large wild mammals were reported, and one was resident 
and other was frequent visitor from nearby National Park. In the post-community management period, 
the number of resident large mammals increased to nine species. Now the area has become a safe 
breeding habitat for those large mammals. 

Key words: Baghmara community forest, buffer zone, large wildlife census.

INTRODUCTION 

Lowland (subtropical) region of Nepal is 

famous for charismatic and diverse representation 

of wildlife. The riverine subtropical forests with 

flood plain added its richness in biodiversity. The 

commercial demand and needs of the local 

marginalized people pressured to decrease 

biodiversity outside the protected areas. However, 

the protected areas and community forestry 

programs out side and the protected areas are the 

last refuse of biodiversity. 

In Chitwan of central Nepal, the first step to 
conserve biodiversity was initiated with the 
establishment of rhino sanctuary in 1956 followed 
by Wildlife Protection Act in 1957. In early 
seventies, the Baghmara Buffer Zone Community 

Forest was favorable habitat for tiger and rhinos, 
and was also a hunting ground for wildlife. 
However, systematic wildlife and vegetation study 
of this area was conducted for the first time in 
1995 (NCRTC 1995). Although the conservation 
initiative started from 1989, Baghmara Buffer 
Zone Community Forest was officially 
institutionalized only in 1994 under the legislation 
of Department of Forest (BCF 1994). But, in 2003 
this forest was registered according to Buffer Zone 
regulation under Department of National Parks and 
Wildlife Conservation. After more than 20 years of 
conservation efforts a healthy forest area, with 
different habitat types, was created and some 
endangered flagship species and other common 
large wildlife species were re-colonized (NCRTC 
2000). 
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Community conservation efforts for more than 

twenty years have ameliorated the condition of 

Baghmara Buffer Zone Community Forest. The 

study is focused on the status of large mammals’ 

population in pre and post community management 

period. The institutional engagement in the 

resource management and involvement of local 

stakeholders in process of conservation of the 

community forest where, grazing and illegal 

collection of fuel wood and fodder and hunting is 

totally controlled provided good option for 

conservation. The study provided comprehensive 

information on wildlife and their population in the 

area. 

STUDY AREA 

Baghmara Buffer Zone Community Forest is 

located in Bachhauli Village Development 

Committee at eastern sector Buffer Zone area of 

Chitwan National Park. It is located in between 

27o34.78’-27o35.53’ northern latitude and 

84o28.43’-84o29.40’ eastern longitude in 

subtropical region of central lowland Nepal at an 

elevation of 200 to 250 m above sea level. This 

forest borders cultivated land to east, Budhi Rapti 

river to west and north and Bodreni village and 

Rapti river to south near Sauraha market (Pant 

2003). 

The climate is sub-tropical monsoon type with 

relatively high annual humidity. Monsoon rain 

prevails from late June to September and amount 

of monthly mean rainfall ranges from 14.04 mm to 

602.2 mm (Tamrakar 2002). Heavy flooding 

occurs in the valley during the monsoon. The 

average daily maximum temperature of the area 

during hot summer days is about 36.8oC. The 

minimum temperature is about 7.8oC in cool dry 

winter season which occurs from October to 

February. Spring starts from March and is 

immediately followed by summer and that ends in 

June (Pant 2003). 

This area basically consists of riverine forest 

habitat. The dominant species are Simal (Bombax 

ceiba), Bhellar (Trewia nudiflora) and Padke 

(Albizia sp). There are some patches of grasslands 

with major species of Imperata cylindrical, 

Saccharum spontaneum, Ageratum conyzoides, 

Peperoxia pellucida, Cyanodon dactylon, and 

Themeda villosa. From the community forest 104 

species of plants including endangered Butea 

monosperma and Rauvolfia serpentina has been 

recorded (Pant 2003). 

The forest has provided an excellent habitat 

for the wildlife and harbors different wildlife 

species such as tiger (Panthera tigris) as frequent 

visitor, rhino (Rhinoceros unicornis), spotted deer 

(Axis axis), sambhar deer (Cervus unicolor), 

barking deer (Muntiacus muntjack), wild pig (Sus 

scrofa), hog deer (Axis porcinus), Rhesus monkey 

(Macaca mulatta) and mugger crocodile 

(Crocodylus palustris) (NCRTC 2000). The users 

of the Baghmara Buffer Zone Community Forest 

are local residents of ward number 1, 2, 3, and 4 of 

Bachhauli VDC with 780 households as the 

members (49.68% male and 50.32% female) (Pant 

2003). 

METHODS 

Wildlife were daily observed and monitored 

on foot by traversing along 34 parallel east to west 

transects spacing 150 m that pass through all three 

major habitats of the forest namely grassland, 

forest and wetland. Total length of transects were 

68 km. The counting was done thoroughly in each 

group in each observation session (morning, 

afternoon or evening) to assure the total population 

of that session (Martin and Bateson, 1993). 

Physical count was done for deer and antelopes. 

For predator species, like tiger, indirect methods 

described by Karanth and Nichols (2002) were 

used for their enumeration. In addition to daily 

monitoring during observational period, total count 
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of the large mammal’s population was made 

through scan counts method as described by 

Caughley (1977). Daily observations lasted a 

maximum up to 8 h with several specific activities 

as follows. 

Before undertaking population census, area of 

surveys were identified in the topographic map and 

satellite images. The representations of different 

microhabitat were included in the survey transect 

in such a way that the total picture will reveal a 

picture of community forest as a whole. 

Regular monitoring of the wildlife population 

was conducted from April 2010 to March 2011 on 

daily basis. The monitoring was conducted on foot 

or on elephant back whenever necessary. Elephants 

were used for security reason to avoid rhino or 

carnivores attack. Similarly, observations from 

elephant back were conducted in the areas along 

the thick bushes and tall grasslands where it was 

difficult to observe wildlife on foot. During the 

monitoring name of observed wildlife species, 

number of groups or individual, age and sex with 

their total population were recorded. Monitoring 

was conducted 25 days per month (n = 300 days in 

one year). Observations were conducted in three 

different sessions namely, morning (starts from 

6:00 am), afternoon (starts from 12:00 noon), and 

evening (starts from 4:00 pm) regularly on the 

same day or alternate session of days. Among 300 

average observation, 123 events (41%) were 

conducted in the morning, 84 events (28%) were 

conducted in day, and 93 events (31%) were 

conducted in the evening. As per need photographs 

of individual or groups were taken for 

identification. Binoculars were also used to 

categorize the wildlife from distance. 

Final count 

The scan count was conducted in the mornings 

and in the late afternoons by fanning 16 people at 

regular intervals and moving through the study 

area silently, combing it for recording of directly 

observed (sighted) large mammalian species. Three 

observers were positioned on the plateform made 

on the tree at vantage points to record any large 

mammals which may have been temporarily 

displaced due to the drive count. Data on the spot 

were recorded as per sex, number, age category 

(adult/juvenile/infant), and location with reference 

to the line of travel and direction of movement of 

animals. The GPS locations of the count sites were 

also recorded. Individual mega herbivores such as 

rhinoceros observed in the study area were 

distinguished from marks on their bodies (DNPWC 

2011). Their photographs identified with the help 

of marks and scars were taken as reference for 

identification for future identification and 

finalizing the total population in the area. Age and 

sex structure of the observed wildlife were 

categorized on the basis of Mishra 1982 to adult 

male (AM); adult female (AF); sub-adult male 

(SAM); young adult female (YAF); juvenile male 

(JM) and juvenile female (JF). 

RESULTS AND DISCUSSION 

In this study the management period as well as 

population references were considered on the basis 

of decade of conservation. That included: a) pre-

community managed period from 1989 to 2000, 

and b) post-community managed period from 2001 

to 2011. 

Population of ungulate prey species 

The current study indicated that there were 

nine resident large wildlife species in Baghmara 

Buffer Zone Community Forest. Most of the 

herbivores were in groups and only few were 

wandering alone while carnivores were in 

individual basis in each event. The previous study 

indicated this area was quite favorable habitat of 

large and charismatic wild mammals (NCRTC 

1995). The main causes of their sparse distribution 

during that period were destruction of their habitats 

due to anthropogenic activities (Mishra 1982). 



ECOPRINT    VOL 18,   2011 58 

However, due to heavy anthropogenic pressure, 

like overgrazing and illegal cutting of available 

floras, during late 1970s and 1980s wildlife 

became frequent visitors only (NCRTC 1990). 
Barking deer are solitary animal and observed 

mostly lonesome in dense forest habitat (Chalise 
2001). In total 12 resident barking deers were 
recorded from Baghmara Buffer Zone Community 
Forest (Table 1). Adult male population was found 
higher (n = 8) than female. The population by age 
and sex of this species revealed that adult female 
(n = 2), infant (n = 1) and unidentified (n = 1). Any 
record regarding its presence and absence was 
lacking in the pre-management stage of this forest. 
This area was too much disturbed from heavy 
grazing by cattle of surrounding villages and other 
anthropogenic activities of local community caused 
their absence during the pre management phase. 

Current study recorded two hog deer with one 
adult female and other unidentified sex from 
floodplain grassland in this community forest 
(Table 1). That indicated the availability of some 
habitat for hog deer inside forest. As its general 
distribution character to live along alluvial 
grassland (Mishra 1982) this deer preferred to live 
solitary along the floodplain grassland of 
Baghmara forest. In the pre-management phase 
there was not single record of this species from the 
study area (NCRTC 1990). Current annual wildlife 
monitoring recorded this species at the edge of 
oxbow lake rather than from floodplain. 

There were 23 sambar deer in this community 
forest (Table 1). Except one group with three 
individual sambar deer, they were solitary. The 
number of adult female sambar deer were found 
highest (n = 13) followed by adult male (n = 7), 
which indicated the healthy breeding population. 
Other individual included sub-adult female (n = 1), 
juvenile male (n = 1), and infant (n = 1). There was 
no report of its presence at the initial stage of 
community management (NCRTC 1995). Only one 
sambar deer was reported for the first time in the 
study area during 1995. Population count of this 

species was discontinued from its first record. 
During 1997 one sambar deer was killed by tiger in 
the study area (KMTNC 1997). The conservation 
of favorable habitats, like forests, grassland and 
wetlands inside the study area increased population 
of this mammal, in the post community 
management period. Sambar is resident species of 
the region inhabiting in mature forest, undulating 
topography and interior forest (Mishra 1982). 

The population composition of spotted deer (n 
= 182) included highest number with adult female 
(n = 63) followed by adult male (n = 43). Other 
age group of their population was sub-adult male 
(n = 8), sub-adult female (n = 5), juvenile male (n 
= 7), juvenile female (n = 8), infant (n = 13) and 
unidentified sex (n = 35). The composition of this 
species also revealed a healthy population for 
breeding and long-term survival in the area. There 
were no residential spotted deer during the initial 
phase of community forest management. They may 
be frequent visitor from nearby Park Forest during 
those days. Wildlife count in 2000, immediately 
after flooding, reported 24 spotted deer in the area 
(KMTNC 2001). This was the first official record 
of spotted deer from the Baghmara area. Thereafter 
the systematic count of this species was the current 
study, which reported 182 individual spotted deer 
from this community forest (Table 1). 

Only one resident wild pig group was recorded 
from Baghmara Community Forest. Total 
individuals of this species were five with more 
juvenile male (n = 4) and only one adult female 
(Table – 1). Current study recorded other four 
species, such as spotted deer, barking deer, hog 
deer and sambar deer from Baghmara forest (Table 
4). There were no reports about their presence in 
previous studies. 

Population of other wildlife 

Two species of monkeys were recorded during 
this study. However, only one resident male 
Langur monkey was observed from this forest. 
This solitary male used to travel to nearby other 
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forest frequently at day time. Rhesus monkeys 
were found quite common in this forest. A total of 
76 individual Rhesus monkey were recorded 
during current study. They belonged to eight troops 
and symbiotically available with spotted deer. 
Their population varied from a minimum of five 
individuals to maximum of 25 individuals in the 
troops. Among the total population 5 were adult 
males, 9 were adult females and 62 individuals 
were unidentified age and sex. During the pre 

management phase of this community forest there 
was no report about the monkey’s species, either 
Langur or Rhesus (NCRTC 1995). The availability 
of food plant seems to be the main cause of their 
presence in this forest (Chalise 2000). Attraction of 
those primate species in this community forest and 
availabilities of larger number indicated the 
conservation of their habitat as the random 
anthropogenic disturbance was banned after the 
formation of community forest (Table – 2). 

Table 1.  Population with age and sex composition of prey species (2011). 
Age / Sex / number Wildlife species 

AM AF SAM YAF JM JF Infant UN 
Total number 

Barking Deer 8 2 - - - - 1 1 12 
Hog Deer - 1 - - - - - 1 2 
Sambar Deer 7 13 - 1 1 - 1 - 23 
Spotted Deer 43 63 8 5 7 8 13 35 182 
Wild Boar - 1 - - 4 - - - 5 

Note: AM = adult male; AF = adult female; SAM = sub-adult male; YAF = young adult female; JM = juvenile 
male; JF = juvenile female; UN = unidentified sex and age 

Table 2. Population with age and sex composition of other wildlife species (2011). 
Age / Sex / number Wildlife species Groups 

AM AF SAM YAF JM JF Infant UN 
Total 

number 

Langur Monkey NA 1 - - - - - - - 1 
Rhesus Monkey 8 5 9 - - - - - 62 76 
Marsh Mugger NA - - - - - - - 35 35 

Note: NA = Not available, AM = adult male; AF = adult female; SAM = sub-adult male; YAF = young adult 
female; JM = juvenile male; JF = juvenile female; UN = unidentified sex and age 

Table 3. Population record of wild animals in the Baghmara Buffer Zone Community Forest (1995 
to 2011). 

Recorded year (1995 to 2011) Name of  

wildlife 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 

Barking deer - - - - - - - - - - - - - - - - 12 

Hogdeer - - - - - - - - - - - - - - - - 2 

Sambar 1 - 1 - - - - - - - - - - - - - 23 

Spotted deer - - - - - - 24 - - - - - - - - - 182 

Rhino 3 2 2 2 - 2 1 - - - - - - - 6 3 3 

Rhino calf born - 2 3 0 1 - - - - - - - - 1 1 1 1 

Rhesus monkey - - - - - - - - - - - - - - - - 76 

Wild boar - - - - - - - - - - - - - - - - 5 

Marsh Mugger - - 3 - - - 29 - - - - - - - - - 35 

Sources: BCF 1994, BBZCF 2003, KMTNC 1997, KMTNC 2001, Annual Wildlife monitoring record of BBZCF 
(from 2004 to 2010) and current study 
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Table 4. Cumulative number of monthly observed wildlife in Baghmara Buffer Zone Community 
Forest (April 2010 to March 2011)  

Wildlife species Jan Feb Mar Apr May Jun Jul Aug Sep Nov Oct Dec 

Barking Deer 6 10 4 8 NA 4 1 7 3 NA 2 NA 

Spotted Deer 208 72 102 54 136 27 60 77 14 124 71 261 

Hog Deer NA NA NA NA NA NA NA NA NA 10 4 8 

Monkey 158 NA 30 104 18 51 86 84 32 214 64 127 

Rhino 4 4 3 3 6 3 3 13 4 2 2 2 

Sambar 17 18 11 7 2 2 NA 12 4 3 4 NA 

Wild Pig 20 23 22 11 6 5 3 1 NA 15 6 16 

Initially in 1995, only one mugger crocodile 

(Crocodylus palustris) was recorded in the study 

area (NCRTC 1995). One small wetland was 

managed in the center of the forest area and two 

marsh muggers were released in 1996. Wildlife 

monitoring in 2000 (KMTNC 2001) resulted the 

record of 29 crocodile individuals (Table 3). 

Current study revealed that their number increased 

to 35 and their resident habitats were found 

distributed all wetland areas inside Bagrmara 

Buffer Zone Community Forest (Table 2). After 

conservation initiation of the area wetland habitat 

was also being improved. Illegal fishing by using 

poison and electricity banned inside the community 

forest that supported conservation of wetland. The 

population increase of mugger crocodile is due to 

the favorable habitat, less anthropogenic pressure 

and availability of food (Maskey 1999). 

Population of endangered species 

Two endangered species, namely Royal 

Bengal Tiger (Panthera tigris tigris) and One 

Horned Asian Rhinoceros (Rhinoceros unicornis), 

were recorded from the study area. Among them 

tiger was frequent visitor but rhino became resident 

after managing the forest by community. 

The area especially used for tiger hunting 

before the conservation initiation in 1957 as it was 

a prime habitat for those animals. Due to heavy 

hunting and habitat destruction due to in country 

migration of people, it was not used as resident 

habitat by tiger (Pokharel 2002). During the initial 

wildlife study there was no report of the presence 

of any tiger in the Baghmara area (NCRTC 1990). 

Later during 1997 a tiger killed sambar and 1998 

one problematic tiger entered inside this forest and 

caused human casualties (KMTNC 1997). After 

capturing this tiger there was no report of presence 

of any resident tiger. However, pugmark sign of 

the tigers were recorded during a decade before 

(NCRTC 2000, KMTNC 2001). After this period 

the tigers signs were recorded but not a single 

resident identified. During this study we noticed 

several signs of a male tiger that shows its frequent 

movement in the study area but not sure as 

resident. Although the area consists of sufficient 

number of prey species, tiger could not 

accommodate to the Baghmara forest, might be 

due to its small size habitat. 

Asian one horned rhinoceros (Rhinoceros 

unicornis) were frequently observed in the 

community forest. They were recorded in 

grassland, forest as well as wetland areas inside the 

community forest (Chalise 2008). From current 

study a total of three rhinoceros were recorded 

from this forest with an adult male (n = 1), an adult 

female (n = 1), and a sub-adult male (n = 1). The 

sub-adult male was nearly 2.5 years old and at the 

stage of weaning from his mother. During the 

initial period of community management rhino was 

frequent visitor only (NCRTC 1990). They were 
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visiting from nearby Chitwan National Park, 

especially during monsoon when the park 

floodplain area would heavily inundated from 

flood (NCRTC 1995). Immediately after the 

community conservation initiatives these big 

herbivores started to reside in Baghmara forest. 

The availability of food plants like Saccharum 

spontanium and Litsea species with fewer 

disturbances from anthropogenic activities might 

have attracted this wildlife species to be resident in 

this forest. Regular survey since 1995 indicated 

that the number of resident rhinos in the study area 

ranged from one to three within five years. The 

number of resident rhino was reduced to one 

individual during 2001 (KMTNC 2001). However, 

the numbers of resident rhinos were fluctuating and 

currently their number was three (Table 3). In 2000 

there was heavy flood in the Rapti Flood Plain 

area, which was one of the prime habitats of rhino. 

This flood inundated all floodplain areas inside 

National Park and some favorable habitats of 

rhinos were washed away (KMTNC 2001). After 

that flood, Icharni island which is one of prime 

habitats of rhino inside National Park where 22 

rhino were resident (NCRTC 1995), hardly can 

provide shelter for this charismatic wildlife. 

Baghmara forest was also inundated inside flood 

and there was no any movement for about a week 

(KMTNC 2001). That flood disaster caused some 

human casualties, loss of ungulates and impacted 

the number of resident rhinos in the area. The 

study area seems a favorable breeding and raring 

place of rhino. In total ten rhinos provided birth of 

baby inside this Baghmara forest till now (Table 

3). 

CONCLUSION 

During pre-community management period, 

Baghmara area was encroached and degraded due 

to different activities and the presence of animals 

was rare. However, after the establishment of 

Buffer Zone Community Forest it became the 

resting place for frequently visiting large mammals 

in initial stage with one individual of resident 

sambar and a rhinocero frequently visiting from 

nearby National Park. After managing. Currently 

this forest incorporated eight large mammalian 

species with different age and sex structure which 

indicated that the forest started to be a safe 

breeding wildlife habitat for different animals. 
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Abstract  
Baghmara Buffer Zone Community Forest (BBZCF) is located in the central lowland of Nepal by covering 215 ha area. A year 
round study was conducted on 2010 in the area to find out the vegetation types and associated large wild mammals in that 
vegetation. To collect the primary data on vegetation 34 parallel transects traversing east to west were established. The 
transect pass through the all habitat types of BBZCF. Total length of transects were 68 kilometers. Nested quadrates (n = 
131) were laid in each transects to collect information about vegetation type and wildlife occurrence. Vegetation types of the 
area were classified on the basis of Importance Value (IV) of tree species for forest area and Prominance Value (PV) of herbs 
and grass species in grassland area. Six vegetation types namely Acacia catechu forest, Albizia julibrissin forest, Savana, 
Dalbergia sissoo forest, Trewia nudiflora forest, and Grassland were reported from the study area. Wildlife signs were found 
only from naturally regenerated forests areas of BBZCF. On the basis of the availability of indirect signs it was found that 
wildlife were distributed in Albizia julibrissin forest, Trewia nudiflora forest, and grasslands of the study area. From those 
vegetation types, Spotted deer, Sambhar, Wild boar, Barking deer, and Rhinos were recorded. Among the studied wildlife, 
Spotted deer and Sambhar preferred Trewia nudiflora forest and rest of the wildlife preferred Albizia julibrissin forest as their 
habitats. 
 

Keywords: Plant sociology, Importance Value, Prominence Value, Habitat. 

 

INTRODUCTION 
 
     Resource degradation has exceeded after the nationalization 
of the private forest in 1957 mostly due to the unstable government 
and lack of proper institution for conservation. Later conservation 
activities were institutionalized in the form of forest law during early 
60's and protected area act around early 70's [1]. The enforcement 
of the law and involvement of the local communities in conservation 
areas moved simultaneously which showed positive impact on 
resource conservation [2]. The lowland (subtropical) region is famous 
for economically valuable natural resources like Dipterocarp timber, 
One Horned Rhinoceros (Rhinos unicornis), Royal Bengal Tiger 
(Panthera tigris) and so on. Similarly it consists of the riverine and 
subtropical forests with flood plain, which are very rich in biodiversity 
[3]. 
     In Chitwan, the first step to conserve bio-diversity was 
initiated with the establishment of rhino sanctuary in 1956 followed 
by wildlife protection act in 1957 [3]. A special unit called rhino patrol 
was created after a few years to protect rhino [4]. After community 
conservation initiation in 1989 in Baghmara, a healthy forest area 
was created and some endangered flagship species, like Asian One 
Horned Rhinoceros, were re-colonized. Now, this forest is a part of 

the Buffer Zone of Chitwan National Park (CNP). Conservation 
efforts have brought significant ecological and socio-economic 
changes. The changes need to be quantified and assessed before 
the concept is expanded to the other areas. The institutional 
engagement in the resource management and the involvement of 
local stakeholder in process of conservation of the community forest 
has totally controlled grazing and illegal collection of fuel wood, 
fodder and hunting. This study has attempted to analyze the current 
ecological situation of the area. 
 
Study area 
 
     Baghmara Community Forest is located in Bachhauli Village 
Development Committee of Chitwan District, Nepal (fig 1). It is 
situated in Buffer Zone area of Chitwan National Park at its eastern 
sector. It is located in subtropical lowland region        
covering 215 ha area in between 27o34.78’-27o35.53’ Northern 
Latitude  and  84o28.43’-84o29.40’ Eastern Longitude [19] at 170 
meter of elevation. 

 

Fig 1. Study area 
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     The climate of the study area is sub-tropical monsoon type 
with high relatively humidity. Monsoon rain prevails from late June to 
September and amount of annual rainfall ranges from 14.04 mm to 
602.2 mm [5]. Heavy flooding occurs during the monsoon. The 
average daily maximum temperature of the area in hot summer days 
is about 36.8oC. Spring starts from March and is immediately 
followed with summer and that ends in June [6]. The minimum 
temperature is about 7.8o C in cool dry winter during October to 
February [4]. 
     This community forest is located on the floodplain of Rapti 
River with majority of the riverine forest species. Basically, the 
dominant species of the forest are Simal (Bombax ceiba), Bhellar 
(Trewia nudiflora), and Padke (Albizia julibrissin). The Baghmara 
Community Forest has provided an excellent habitat for many wildlife 
species. It harbors carnivores such as the Bengal Tiger (Panthera 
tigris) as frequent visitor, Common Leopard (Panthera pardus), 
Rhino (Rhinoceros unicornis), Spotted Deer (Axis axis), Sambhar 
Deer (Cervus unicolar), Barking Deer (Muntiacus muntjack), Hog 
Deer (Axis porcinus), Wild Boar (Sus scrofa), Mugger Crocodile 
(Crocodylus palustris), and Rhesus Monkey (Macaca mulatta) [6]. 
 
METHOD 
 
     A year round (April 2010 to March 2011) research was 
conducted in BBZCF to collect information about flora and fauna. 
The primary data on vegetation was collected 34 parallel transects 
spacing 150 m traversing east to west were prepared. The transect 
pass through the all habitat types of BBZCF. Total length of transects 
were 68 kilometers. 
     Nested quadrates were laid along each transects 
systematically at each 150 m intervals. These quadrates were used 
to collect information about the vegetation and indirect wildlife sign. 
Randomization of quadrates was done by traveling 15 paces in any 
direction at each 150 m distance along the preset transect. The 
direction of travel was determined by rotating the body of researcher 
with lapping eyes in clockwise direction. The movement was stopped 

after one minute and the direction of the movement to prepare the 
quadrate was the direction of eyes. Preparation of quadrate always 
started from south-west corner. Nested quadrates of 400 m2 (20 m x 
20 m), 25 m2 (5 m x 5 m) and 1 m2 (1 m x 1 m) were used to collect 
data on tree, under-story and ground vegetation respectively. In case 
of grassland quadrates of 2.25 m2 (1.5 m x 1.5 m) was used to 
collect information. 
     Tree level characteristics like scientific name, local name, 
DBH and height were collected from largest (400 m2) quadrates. 
Shrub and understory layer information were collected by preparing 
two 25 m2 nested plots at opposite corners of the 400 m2 quadrate. 
First nested plot of 25 m2 was always prepared in the starting point of 
large size quadrate. Information on ground vegetation was collected 
from other four 1 m2 nested plots set at each corner of the 400 m2 
quadrate. For understory and ground vegetation collected 
characteristics included scientific name and coverage of particular 
species. The woody plants which has less than 5cm DBH and taller 
than knee height were considered sapling individuals of understory 
layer. Distances between quadrates were varied with the size of unit to 
be sampled, but were always a minimum of 50 paces apart. Sampling 
was conducted at least 10 m from the border of different vegetation 
types. 
     The utilization of habitat by different wildlife was recorded by 
observing their indirect signs. The presence of indirect signs like 
pellets, dung, foot mark and other body parts were recorded as 
indirect evidences of the animal visited in the habitat. These indirect 
signs were collected from 25 m2, 1 m2 and 2.25 m2 quadrates 
prepared for vegetation survey. Total numbers of surveyed 
quadrates in the BCF were 961. The area covered by these 
quadrates were 6 ha, which is 2.8% of total area covered by BCF 
(215 ha) (Table 1). 

 
Table 1. Number of quadrates surveyed in different vegetation types of BCF 

Vegetation types 
Number of surveyed quadrate 

Tree Understory 
Ground 
vegetation 

Total            

Acacia catechu forest 8 16 32 56 

Albizia julibrissin forest 35 70 140 245 

Savana 4 8 16 16 

Dalbergia sissoo forest 40 80 160 280 

Trewia nudiflora forest 44 88 176 308 

Grassland* 56 56 

Total 131 262 580 961 

                                * Size of the quadrates in grassland was 2.25 m2 

The percent of area covered by quadrates were highest in Dalbergia sissoo forest (4.8%) and lowest in grassland (0.04%) (Table 2).  
 

Table 2 - Comparison of quadrate distribution and area covered by different vegetation types in BCF 

 
 
 
 
 
 
 
 

Vegetation types 
Area covered 
(ha.) 

Quadrate 
distribution % 

Area covered by quadrate 
% 

Acacia catechu forest 8.0 5.8 4.5 

Albizia julibrissin forest 60.5 25.5 2.6 

Savana 11.7 1.7 1.6 

Dalbergia sissoo forest 38.2 29.1 4.8 

Trewia nudiflora forest 63.6 32.0 3.1 

Grassland 33.0 5.8 0.04 
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     Importance values of individual tree species available in the 
particular vegetation were calculated by adding the relative values of 
frequency, density and dominance [7]. Relative dominance of trees 
was determined by calculating the basal area. Name of each forest 
type was determined by ordering the Importance values of each tree 
species. The name of particular vegetation was provided from the 
name of plant with highest importance value. 
     Prominence values of individual species in understory or 
ground layers was calculated by multiplying percent cover of 
individual species and square root of its frequency [8]. The coverage 
of understory and ground flora was calculated by converting the 
recorded cover percentage to midpoint cover classes [9]. 
     The abundance of wildlife in particular habitat types was 
calculated by making percentage ratio of number of quadrates 
having indirect sign with total number of plot sampled. Habitat 
preference by the wildlife was calculated as the relative value of the 
number of plot having the wildlife sign divided by total number of 

studied quadrate. 
     Sørensen’s index of similarity [10] was employed to compare 
similarity between different vegetation types. The similarity index was 
the ratio of total common individual species and sum of total number 
of species in both compared habitats. 
     Maturity of the forest was calculated by using maturity index 
[10]. Maturity index was the ratio of sum of frequency of individual 
species in the habitat and total number of species in the habitat. 
 
RESULTS 
 
     In total six types of vegetation were recorded from BBZCF. 
They were Acacia catechu forest, Albizia julibrissin forest, Dalbergia 
sissoo forest, Trewia nudiflora forest, Savana, and grassland. The 
highest area of BBZCF was covered by the Trewia nudiflora forest 
(29.6%) and the lowest area was covered by Acacia catechu forest 
(3.7%) (Table 3). 

 
Table 3 - Vegetation types and area covered by the vegetation types in BCF 

 

Vegetation types Area covered (ha) Percentage 

Acacia catechu forest 8.0 3.7 

Albizia julibrissin forest 60.5 28.1 

Savana 11.7 5.4 

Dalbergia sissoo forest 38.2 17.8 

Trewia nudiflora forest 63.6 29.6 

Grassland 33.0 15.3 

Total 215.0 100.0 

 
       Located in the plantation sites of 1989 and 1990 [19], Acacia 
catechu forest occupies 8 ha (3.7%) area. This forest included the 
trees having average height and diameter of 14.5 m and 72 cm 
respectively with 116 steams per hector. Six species of tree were 
recorded from this forest. In this forest Acacia catechu was more 
important species with the highest important value (IV = 103.2) 
followed by Dalbergia sissoo (IV = 60.9) respectively (annex - 1). In 
the same way Anthocephalus chinensis was less important with 
lowest (IV = 12.8) important value. There were six species in the 
understory layer of this forest. Among these six species Callicarpa 
macrophylla was the most prominent species (PV = 200) followed by 
Colebrookea oppositifolia (PV = 95). The ground vegetation of this 
forest incorporated high diversity of species (n = 30). In the ground 
vegetation Imperata cylindrica was most prominent species (PV = 
103) followed by Cynodon dactylon (PV = 20.5) (annex 1). 
       Occupying 60.5 ha area Albizia julibrissin forest was situated 
in the natural regeneration site of BBZCF. Average tree height of this 
forest was 16 m with an average DBH of 22.5 cm. The area was 
protected from barbed wire fence since 1994 [11]. This forest 
included 422 trees per hector with 13 species of tree. In the canopy 
layer Albizia julibrissin was the most important species (IV = 86.6) 
followed by Bombax ceiba (IV = 76.2) respectively (annex 2). 
Understory layer of this forest included 13 species of plants. Among 
them Litsea sp appeared as most prominent (PV = 259.1) species 
followed by Callicarpa macrophylla (PV = 95.1) respectively. 
Similarly, there were 46 species in the ground flora of this forest. 
Among them Chrysopogon aciculatus (PV = 35.4) was most 
prominent species followed by Ageratum conyzoides (PV = 17.5) 

respectively (annex 2). 
       In the study area some scattered trees were also found in 
association with ground flora which is considered as savanna. This 
vegetation occupied 11.7 ha area of BBZCF and was grazing land of 
the users’ group. The average tree height of this forest was 16.5 m 
with 82.5 cm of average diameter. The area included quite scattered 
trees (57/ha) with less diverse species number (n = 3). In the canopy 
layer of this vegetation Bombax ceiba was the important (IV = 158.8) 
species followed by Dalbergia sissoo (IV = 112.7) respectively 
(annex 3). Only two species of plant were recorded from the 
understory layers of savanna. In understory layer Callicarpa 
macrophylla was most prominent (PV = 99.4) species followed by 
Dalbergia sissoo (PV = 0.3). Ground vegetation included more 
diverse species (n = 22) than tree and understory layers of this 
vegetation. In ground flora of Savanna Cynodon dactylon was the 
most prominent (PV = 87.8) species followed by Coix sp (PV = 31.5) 
respectively (annex 3). 
       Dalbergia sissoo forest was situated in the plantation site of 
BBZCF occupying 38.2 ha area. In canopy layer of this vegetation 9 
species of tree were recorded. Average tree height of this forest was 
15 m with 55.1 cm average DBH. There were 203 individual trees 
per hector. In tree canopy Dalbergia sissoo was the important tree 
species (IV = 222.1) followed by Trewia nudiflora (IV = 33.5) 
respectively (annex 4). The underground flora incorporated 8 species 
of plants. In understory layer Callicarpa macrophylla was most 
prominent species (PV = 75.3) followed by Colebrookea oppositifolia 
(PV = 63.4) respectively. Ground floras were quite rich in species 
diversity which incorporated 51 plant species. Lianas like 
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Parthenocissus semichordata and Mikenia micarantha were more 
prominent in this forest. In ground vegetation Imperata cylindrica (PV 
= 32) was most prominent species followed by Mikenia micarantha 
(PV = 23.2) respectively (annex 4). 
       Trewia nudiflora forest was situated in natural regeneration 
site of community forest. This area was protected from 1994 by 
barbed wire fence [11]. It occupied 63.6 ha area of community forest. 
From the canopy layer of this forest 16 species of tree were recorded. 
The average height of tree in this forest was 15 m with an average 
DBH of 24.5 cm. Number of stems per hector of forest were 363. In 
the tree canopy Trewia nudiflora was most important (IV = 97.0) 
species followed by Bombax ceiba (PV = 79.7) and Albizia julibrissin 
(PV = 43.5) respectively (annex 5). From understory layer of this 
forest 12 species of plants were recorded. In understory layer of this 
forest Litsea sp was the most prominent species (PV = 95.4) 
followed by Ardisia macrocarpa (PV = 77.3) and Callicarpa 
macrophylla  (PV = 67.1) respectively. Similarly, Imperata cylindrica 
(PV = 90.8) and Coix sp (PV = 27.4) were most prominent species in 
ground flora. A total of 54 species were recorded in the ground flora 
of this forest (annex 5). 
 

       Total 33 ha area of BBZCF were managed as grassland. 
Inside the barbed wire fence grassland areas served as grazing 
ground for wildlife. In total 40 species of plants were recorded from 
grassland. Among the recorded species Imperata cylindrica was 
found most prominent species (PV = 178.9) followed by Cynodon 
dactylon (PV = 108.6) and Saccharum spontaneum (PV = 53.9) 
respectively (annex 6).  
 
Similarity and maturity of vegetations 
 
        From the index of similarity (IS), the grassland was more 
similar to savanna (IS = 46.9) than the other vegetation of BBZCF. 
Similarly, Trewia nudiflora forest was found closer to Albizia 
julibrissin forest (IS = 74.8) in comparison to other vegetation. 
Among other vegetation Dalbergia sissoo forest was more similar to 
Trewia nudiflora forest (IS = 68.9), savanna was more similar to 
Dalbergia sissoo forest (IS = 55.0), Albizia julibrissin forest was more 
similar to Trewia nudiflora forest (IS = 74.8), and Acacia catechu 
forest was more similar to Dalbergia sissoo forest (IS = 59.3) (Table 
4). 
 

 
Table 4 – Similarity index of different forest types in BBZCF 

 

Vegetation type Grassland Trewia nudiflora Dalbergia sissoo Savana 
Albizia 
julibrissin 

Acacia catechu forest 45.3 52.0 59.3 42.6 48.4 

Albizia julibrissin forest 32.7 74.8 63.2 45.2 -- 

Savana 46.9 44.9 55.0 -- -- 

Dalbergia sissoo forest 46.8 68.9 -- -- -- 

Trewia nudiflora forest 44.7 -- -- -- -- 

 
 

     On the basis of the available tree species in the canopy layer 
of BBZCF, maturity indices (MI) of the available vegetation types 
were calculated. On the basis of maturity indices (MI) Savanna 
vegetation was more mature (MI = 0.50) than other available 
vegetations of BBZCF. The other respective mature vegetations of 

BBZCF were Albizia julibrissin forest (MI = 0.37), Acacia catechu 
forest (MI = 0.31), Dalbergia sissoo forest (MI = 0.21), and Trewia 
nudiflora forest (MI = 0.21) respectively (Table 5) 

 
Table 5 – Maturity index of different vegetation in BBZCF. 

 

Vegetation type 
Maturity index 

(MI) 

Acacia catechu forest 0.31 

Albizia julibrissin forest 0.37 

Savana 0.50 

Dalbergia sissoo forest 0.21 

Trewia nudiflora forest 0.21 

Gtassland 
 

 
 
Wildlife abundance and habitat preference 
 

       Wildlife signs were found only from naturally regenerated 
forests areas of BBZCF. On the basis of the occurrence of indirect 
signs, wildlife were only distributed in Albizia julibrissin forest, Trewia 
nudiflora forest, and grasslands of the study area. From Albizia 

julibrissin forest Spotted Deer, Sambar, Wild Boar, Barking Deer, 
and Rhinos were recorded. Among them Spotted Deer (A = 4.3%) 
were more abundant wildlife found in this forest followed by Barking 
Deer (A = 2.9). Similarly, other abundant species of this forest were 
Rhinos (A = 2.4%), Wild boar (A = 1.4), and Sambhar Deer (A = 1%) 
respectively (figure 2). 
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Fig 2. Wildlife abundance in Albizia julibrissin forest [Rhino (Rhinoceros unicornis), Sambhar (Cervus unicolor), Spotted Deer (Axis axis), Wild Boar (Sus scrofa), and 

Barking Deer (Muntiacus muntjak)] 

 
       The Trewia nudiflora forest was also a good habitat for 
different large mammals. Wildlife recorded from this forest was 
Sambahr, Spotted Deer, Wild Boar, Barking Deer and Rhino. In this 
forest Spotted Deer (A = 6.4) was most abundant wildlife species 
followed by Sambhar Deer (A = 4.2) respectively. Other respective 

abundant wildlife recorded from this forest were Rhino (A = 1.9), 
Barking Deer (A = 1.1), and Wild Boar (A = 0.4) (Figure 3). This area 
was also receiving anthropogenic activities like livestock grazing (A = 
1.5) and grass cutting (A = 2.3).  

 

 
 

Fig 3. Wildlife abundance in Trewia nudiflora forest [Rhino (Rhinoceros unicornis), Sambhar (Cervus unicolor), Wild Boar (Sus scrofa), Spotted Deer (Axis axis), and 
Barking Deer (Muntiacus muntjak)] 

 
     Grassland of community forest provided the good grazing 
ground for wildlife. From this study Rhino was frequently (A = 1.8) 
visiting wildlife in grassland area. Grassland areas outside barbed 
wire fence were used to graze livestock from users’ group. 
Grasslands inside the fencing were also served as daily grass 
collection (A = 5.4) and grazing (A = 5.4) places of users’ group. 

Habitat preference of Barking Deer, Spotted Deer, Rhino, Sambhar, 
and Wild Boar were studied in BBZCF. Indirect signs of these wildlife 
were distributed in Albizia julibrissin and Trewia nudiflora forests and 
grassland of the study area. Among the studied wildlife Spotted Deer 
and Sambhar preferred Trewia nudiflora forest and rest of the wildlife 
preferred Albizia julibrissin forest as their habitats (Figure 4). 

 

 
 
Fig 4. Habitat preference by different wildlife in BBZCF [Barking Deer (Muntiacus muntjak), Spotted Deer (Axis axis), Rhino (Rhinoceros unicornis), Sambar (Cervus 

unicolor), Wild Boar (Sus scrofa), Padke (Albizia julibrissin), Vellor (Trewia nudiflora)] 
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Annex 1. Importance value (IV) of the tree species and Prominence value (PV) of plant species recorded from understory and ground vegetation of BBZCF in Acacia 
catechu forest 
 

S. No Tree species     IV 

1. Acacia catechu 103.2 

2. Dalbergia sissoo 60.9 

3. Bombax ceiba 53.5 

4. Albizia julibrissin 38.1 

5. Melia azaderect 31.2 

6. Anthocephalus chinensis 12.8 

 Species of understory vegetation       PV 

1.  Callicarpa macrophylla 200.0 

2.  Colebrookea oppositifolia 95.0 

3 Ehretia laevis 61.5 

4 Dalbergia sissoo 43.3 

5 Trewia nudiflora 36.1 

6 Albizia julibrissin 5.8 

 Species of ground vegetation 
 

1.  Imperata cylindrica 103.0 

2.  Cynodon dactylon 20.5 

3.  Ageratum conyzoides 18.3 

4.  Dennstaedtia appendiculata 15.4 

5.  Mikenia micarantha 10.5 

6.  Euphorbia hirta 9.6 

7.  Trifolium repens 9.4 

8.  Hemarthria compressa 9.2 

9.  Chrysopogon aciculatus 7.8 

10.  Achyranthus aspera 7.4 

11.  Colebrookea oppositifolia 4.5 

12.  Diplazium esculentum 4.5 

13.  Unidentified 4.5 

14.  Eupatorium adenophorum 3.2 

15.  Flemengia sp 3.2 

16.  Coix sp 3.2 

17.  Phyllanthus amarus 3.2 

18.  Parthenocissus semichordata 3.2 

19.  Callicarpa macrophylla 3.2 

20.  Centella asiatica 3.2 

21.  Adiantum venustum 3.2 

22.  Saccharum spontaneum 3.2 

23.  Solanum surattense 3.2 

24.  Acacia catechu 3.2 

25.  Cyperus rotundus 3.2 

26.  Piper longum 3.2 

27.  Rotala rotundifolia 3.2 

28.  Urtica dioca 3.2 

29.  Dalbergia sissoo 3.2 

30.  Rungia parviflora 3.2 

 

DISCUSSION 
 
     Plantations in the BBZCF were conducted in three phases 
first in 1989 (16 ha), second in 1990 (10 ha) and third in 1997 (10 ha) 

in north western grazing lands of the study area [12]. Seedlings of 
similar species were used in all plantation sites of BBZCF but these 
sites now converted to two forest types, namely Khair (Acacia 
catechu) and Sissoo (Dalbergia sissoo). Immediately after plantation 
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these areas were fenced from barbed wire and restricted for open 
grazing. The main planted species were Sissoo, Khair, Vellor (Trewia 
nudiflora), Simal (Bombax ceiba) and Teak (Tectona grandis) [13]. 
Currently Padke (Albizzia julirissin), which was not planted species, 
came out as an important species in Khair (Acacia catechue) forest. 
The emergence of Padke was started from the edge of plantation 
sites in moist microclimate. It indicates that the succession of tree 
species was continued according land suitability of the area. 
       Since 1994, plant composition in canopy layer was also 
changed in the Khair (Acacia catechu) forest. The important value 
(IV) of Khair (Acacia catechu) was reduced from 105.9 in 1994 to 
103.2 in 2011 and second important species was changed from 
Padke to Simal. Similarly, numbers of tree species in canopy layer 
were reduced from 9 to 6. The number of stem per hector of forest 
was reduced from 1416 stem/ha to 209 stem/ha. But, numbers of 
species in understory layer were increased from 4 to 6. In understory 
layer some species were replaced and some new species were 
emerged. Urtica dioca more prominent during early phase was 
reduced to very few. Previously more prominent ground vegetations 
were Diplazium esculentum (PV = 9.4) and Clerodendrum viscosum 
(PV = 6.3) respectively. In 1994, only four species of plant were 
recorded from the ground vegetation. The species diversity in ground 
vegetation was increased (n = 30) and Imperata cylindrica (PV = 
103) and Cynodon dactylon (PV = 20.5) were more prominent 
species in ground vegetation [14]. 
      Similarly, the community structure in Sissoo (Dalbergia sissoo) 
forest was also changed since 1994. Important value of Sissoo was 
reduced to 222.1 than earlier study (IV = 256) and second important 
species Bombax ceiba (IV = 15) was replaced by Trewia nudiflora. 
Tree species diversity in canopy layer was increased from 4 to 9 and 
average height of tree was increased from 7.5 m to 15 m. Density of 
the tree per hector was drastically reduced from 1759 individual/ha to 
203 individual/ha. Now prominent species in understory was 
Callicarpa macrophylla and which was Urtica dioca in 1994. Number 
of plant species in understory layer was increased from 3 to 8. 
Diplazium esculentum was more prominent species in the ground 
vegetation in 1994 but that species was replaced by Imperata 
cylindrica (PV = 32.0). Plant species diversity was increased from 6 
to 51 [14]. 
     As earlier study (1994) natural regeneration sites of BBZCF 
included two types of forests. But, important value of tree was 
changed and form different plant community composition. Previous 
Simal-Padke (Bombax ceiba-Albizia julibrissin) forest was now 
changed to nearly pure stand of Padke (IV = 86.6) forest. The 
important value of Simal and Padke was reduced from 124.2 to 76.2 
and 99.3 to 86.6 respectively. The average height of trees was 
increased from 9.3 m to 16 m and number of steams per hector was 
increased from 78 individuals/ha to 422 individuals/ha. The diversity 
of plant species in tree canopy was increased from 5 species to 13 
species. Most prominent species (Litsea sp) at understory layer 
remained same but its Prominent value was increased from 32.5 to 
259.1 and plant species diversity was increased from 4 to 13. 
Previous prominent species (Dennstaedtia appendiculata) in ground 
vegetation was replaced by Chrysopogon aciculatus (PV = 35.4). 
Number of plant species in ground vegetation was drastically 
increased from 5 to 46 [14]. As identified from previous study 
understory layer of this forest included good fodder plant species of 
deer species and Rhino [15]. 
      Previous Padke-Bhellor (Albizia julibrissin and Trewia 
nudiflora) forest of natural regeneration area was now changed to 

pure Bhellor (Trewia nudiflora) forest (IV = 97.0). In this forest 
number of trees per hector was increased from 273 to 363 and also 
average height of tree was increased from 8.2 m to 15 m. Number of 
tree species in canopy layer was increased from 12 to 16. Prominent 
species at understory layer was changed from thorny Caesalpinia 
decapetala to Litsea sp, which is one important food plant of deer 
species and Rhino [15]. Understory and ground vegetation of this 
forest was absent in 1994 [14]. But, now the number plant species in 
ground vegetation was 54. 
     After managing by community the study area incorporated 
different types of forests and grassland. Plant species diversity was 
increased and forest areas were still in succession stage. Among 
identified habitats more mature was Savanna. This finding was 
similar to the finding of Dinnerstein in Bardia National Park [8] 
 
Wildlife 
 
     From this study, two more species, namely Barking Deer 
(Muntiacus muntjak) and Spotted Deer (Axis axis), were record [11, 
16] in this forest. Number of Spotted Deer was highest among the 
recorded species [17]. This indicated BBZCF became an attractive 
habitat of different wildlife, especially for the predator species.  
     Wildlife was more concentrated in the naturally regenerated 
forest sites of BBZCF. The natural regeneration sites incorporated 
mosaics of different habitats including small wetlands and grassland. 
At early stage of its management BBZCF included less species than 
current findings [14]. Increased diversity of floral species 
incorporated different plants used as fodder by different herbivores 
[15, 18]. 
     Almost all studied wildlife preferred forest as their habitat. 
Naturally regenerated forest areas were their preferable habitat. In 
naturally regenerated areas wetlands and grasslands were well 
distributed [19]. The presence of fodder plants as well as wetlands 
and grassland nearby was the main cause of being naturally 
regenerated forest as their preference habitat. This finding was 
similar with the previous finding from Bardia National Park [8]. High 
canopy cover of the tree and less disturbance from anthropogenic 
activities may be another cause of their preferences of those areas.  
      All grassland areas of BBZCF are short types [10] which are 
the good habitats for wildlife like Spotted Deer, Shambhar Deer, 
Barking Deer and Wild Boar. In contradict with the previous findings 
Rhino were distributed in short grassland areas of this forest. 
Previous study indicated that most preferred habitat of Rhino was the 
Tall Floodplain Grassland. This is due to the presence of some 
favorable microclimates, like oxbow lakes and waterholes nearby, 
and preferred food in the study area [15]. 
 
CONCLUSION 
 
     Although still in the succession stage, Baghmara Community 
Forest incorporated mosaics of forest habitats preferred by mammals, 
especially by large herbivores. The area converted to a good forest, 
either left for natural regeneration or plantation, if it conserved from 
the anthropogenic pressure, especially grazing and timber collecting. 
This area provides preferred habitats for deer species including 
endangered rhinoceros. 
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Biodiversity Conservation Center, BCF – Baghmara Community 
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height, IV – Importance Value, KMTNC – King Mahendra Trust for 
Nature Conservation, NCRTC - Nepal Conservation Research and 
Training Center, VDC – Village Development Committee. 
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Annex 2 .Importance value (IV) of the tree species and Prominence value (PV) of plant species recorded from understory and ground vegetation of BBZCF in Albizia julibrissin 
forest 

 

S. No Tree species IV 

1.  Albizia julibrissin 86.6 

2.  Bombax ceiba 76.2 

3.  Trewia nudiflora 65.3 

4.  Litsea sp 40.8 

5.  Dysoxylum binectariferum 7.1 

6.  Mallotus philippensis 5.8 

7.  Dysoxylum gobara 5.0 

8.  Xeromphis spinosa 3.7 

9.  Miliusa velutina 3.1 

10.  Ehretia laevis 2.9 

11.  Premna integrifolia 1.5 

12.  Gmelina arborea 1.0 

13.  Psidium guajava 0.9 

 Species of understory vegetation PV 

1.  Litsea sp 259.1 

2.  Callicarpa macrophylla 95.1 

3.  Ardisia macrocarpa 65.7 

4.  Trewia nudiflora 28.4 

5.  Colebrookea oppositifolia 6.2 

6.  Albizia julibrissin 3.8 

7.  Xeromphis spinosa 1.2 

8.  Mallotus philippensis 1.2 

9.  Litsea monopetala 0.9 

10.  Calamus tenuis 0.4 

11.  Dysoxylum binectariferum 0.4 

12.  Osyris wightiana 0.4 

13.  Syzygium cumini 0.2 

 Species of ground vegetation 
 

1.  Chrysopogon aciculatus 35.4 

2.  Ageratum conyzoides 17.5 

3.  Dennstaedtia appendiculata 16.5 

4.  Centella asiatica 12.7 

5.  Achyranthus aspera 11.7 

6.  Flemengia sp 10.9 

7.  Piper longum 8.8 

8.  Coix sp 8.5 

9.  Carex cruciata 7.4 

10.  Persicaria barbata 6.8 

11.  Cynodon dactylon 6.4 

12.  Parthenocissus semichordata 6.0 

13.  Adiantum venustum 6.0 

14.  Ardisia macrocarpa 5.7 

15.  Hemarthria compressa 5.4 

16.  Albizia julibrissin 5.2 

17.  Hydrocotyle nepalensis 4.6 

18.  Cynoglossum zeylanicum 4.5 

19.  Unidentified 4.4 

20.  Ocimum gratissimum 4.2 

21.  Euphorbia hirta 4.1 

22.  Oxalis corniculata 4.0 

23.  Ludwiga hyssopifolia 4.0 
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24.  Diplazium esculentum 3.7 

25.  Solanum surattense 3.6 

26.  Callicarpa macrophylla 3.3 

27.  Cyperus rotundus 2.9 

28.  Trewia nudiflora 2.6 

29.  Digitaria ciliaris 2.4 

30.  Clerodendrum viscosum 2.4 

31.  Reinwardtia indica 2.4 

32.  Pogostemon benghalensis 2.3 

33.  Xeromphis spinosa 1.9 

34.  Urtica dioca 1.9 

35.  Trifolium repens 1.6 

36.  Momordica dioica 1.3 

37.  Eupatorium adenophorum 1.3 

38.  Mallotus philippensis 1.3 

39.  Caesalpinia decapetala 0.9 

40.  Fumaria indica 0.9 

41.  Dioscorea bulbifera 0.9 

42.  Ocimum gratissimum 0.9 

43.  Scoparia dulcis 0.9 

44.  Colebrookea oppositifolia 0.9 

45.  Litsea monopetala 0.9 

46.  Imperata cylindrica 0.9 

 

Annex 3. Importance value (IV) of the tree species and Prominence value (PV) of plant species recorded from understory and ground vegetation of BBZCF in Savana 
 

SN Tree species IV 

1. Bombax ceiba 158.8 

2. Dalbergia sissoo 112.7 

3. Dysoxylum gobara 28.5 

 Species of understory vegetation PV 

1. Callicarpa macrophylla 99.4 

2. Dalbergia sissoo 0.3 

 Species of ground vegetation 
 

1.  Cynodon dactylon 87.8 

2.  Coix sp 31.5 

3.  Bidens pilosa 29 

4.  Hemarthria compressa 7.3 

5.  Piper longum 7.3 

6.  Imperata cylindrical 6.7 

7.  Ageratum conyzoides 5.5 

8.  Digitaria ciliaris 4.7 

9.  Oxalis corniculata 4.7 

10.  Callicarpa macrophylla 4.7 

11.  Cyperus rotundus 4.7 

12.  Justicia sp 4.7 

13.  Sonchus sp 3.9 

14.  Colocasia esculenta 3.9 

15.  Gonotanthus pumilus 2.7 

16.  Flemengia sp 2.7 
17.  Chrysopogon aciculatus 2.7 
18.  Scoparia dulcis 2.7 

19.  Lippia nodiflora 2.7 

20.  Commelina benghalensis 2.7 

21.  Reinwardtia indica 2.7 

22.  Trifolium repens 2.7 

Annex 4 - Importance value (IV) of the tree species and Prominence value (PV) of plant species recorded from understory and ground vegetation of BBZCF in Dalbergia 
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sissoo forest 
 

S. No Tree species IV 

1.  Dalbergia sissoo 222.1 

2.  Trewia nudiflora 33.5 

3.  Bombax ceiba 16.9 

4.  Acacia catechu 9.6 

5.  Leucaena leucocephala 7.8 

6.  Litsea monopetala 3.4 

7.  Albizia procera 3.0 

8.  Ehretia laevis 2.2 

9.  Dysoxylum gobara 1.6 

 Species of understory vegetation PV 

1.  Callicarpa macrophylla 75.3 

2.  Colebrookea oppositifolia 63.4 

3.  Litsea sp 48.8 

4.  Ardisia macrocarpa 41.7 

5.  Dalbergia sissoo 36.3 

6.  Trewia nudiflora 14.6 

7.  Ehretia laevis 13.5 

8.  Litsea monopetala 6.2 

 Species of ground vegetation 
 

1.  Imperata cylindrica 32.0 

2.  Mikenia micarantha 23.2 

3.  Coix sp 18.8 

4.  Dennstaedtia appendiculata 9.3 

5.  Parthenocissus semichordata 8.8 

6.  Ageratum conyzoides 8.2 

7.  Chrysopogon aciculatus 6.8 

8.  Diplazium esculentum 6.7 

9.  Piper longum 6.6 

10.  Bidens pilosa 6.5 

11.  Pogostemon benghalensis 6.5 

12.  Urtica dioca 6.5 

13.  Cynodon dactylon 5.9 

14.  Commelina benghalensis 5.9 

15.  Hemarthria compressa 5.8 

16.  Unidentified 5.0 

17.  Eupatorium adenophorum 4.9 

18.  Digitaria ciliaris 4.9 

19.  Clerodendrum viscosum 4.9 

20.  Sida acuta 4.4 

21.  Trifolium repens 4.3 

22.  Callicarpa macrophylla 2.6 

23.  Saccharum spontaneum 2.6 

24.  Solanum surattense 2.4 

25.  Colocasia esculenta 2.4 

26.  Achyranthus aspera 2.3 

27.  Simpudina 2.3 

28.  Centella asiatica 1.9 

29.  Lippia nodiflora 1.9 

30.  Scoparia dulcis 1.7 

31.  Oxalis corniculata 1.5 

32.  Apluda mutica 1.5 

33.  Rungia parviflora 1.5 
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34.  Circium wallichii 1.2 

35.  Litsea monopetala 1.2 

36.  Persicaria barbata 1.2 

37.  Reinwardtia indica 1.2 

38.  Dalbergia sissoo 1.2 

39.  Fimbristalys bisumbellata 1.2 

40.  Bandhaniya 0.9 

41.  Digitaria ciliaris 0.9 

42.  Ardisia macrocarpa 0.9 

43.  Colebrookea oppositifolia 0.9 

44.  Equisetum debile 0.9 

45.  Fumaria indica 0.9 

46.  Acacia catechu 0.9 

47.  Ludwiga hyssopifolia 0.9 

48.  Osyris wightiana 0.9 

49.  Flemingia strobilifera 0.9 

50.  Bombax ceiba 0.9 

51.  Trewia nudiflora 0.9 

 

Annex 5 - Importance value (IV) of the tree species and Prominence value (PV) of plant species recorded from understory and ground vegetation of BBZCF in Trewia 
nudiflora forest. 

 

SN Tree species IV 

1.  Trewia nudiflora 97.0 

2.  Bombax ceiba 79.7 

3.  Albizia julibrissin 43.5 

4.  Litsea sp 43.2 

5.  Litsea monopetala 7.5 

6.  Ehretia laevis 7.2 

7.  Dysoxylum gobara 5.0 

8.  Mallotus philippensis 4.4 

9.  Dysoxylum binectariferum 3.6 

10.  Terminalia tomentosa 2.0 

11.  Bischofia javanica 1.8 

12.  Careya arborea 1.5 

13.  Xeromphis spinosa 1.3 

14.  Lagerstroemia parviflora 1.0 

15.  Xeromphis uliginosa 1.0 

16.  Miliusa velutina 0.9 

 Species of understory vegetation PV 

1.  Litsea sp 95.4 

2.  Ardisia macrocarpa 77.3 

3.  Callicarpa macrophylla 67.1 

4.  Calamus tenuis 57.7 

5.  Trewia nudiflora 30.0 

6.  Colebrookea oppositifolia 28.0 

7.  Xeromphis spinosa 23.7 

8.  Albizia julibrissin 22.7 

9.  Zizyphus mauritiana 12.9 

10.  Careya arborea 9.1 

11.  Litsea monopetala 6.5 

12.  Mallotus philippensis 4.6 

 Species of ground vegetation 
 

1.  Imperata cylindrical 90.8 

2.  Coix sp 27.4 
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3.  Chrysopogon aciculatus 27.2 

4.  Centella asiatica 14.7 

5.  Dennstaedtia appendiculata 12.6 

6.  Ageratum conyzoides 11.8 

7.  Saccharum spontaneum 9.1 

8.  Ardisia macrocarpa 8.6 

9.  Trifolium repens 8.6 

10.  Bidens pilosa 8.2 

11.  Hemarthria compressa 8.1 

12.  Achyranthus aspera 7.8 

13.  Reinwardtia indica 7.1 

14.  Cynodon dactylon 6.5 

15.  Equisetum debile 6.0 

16.  Flemengia sp 6.0 

17.  Unidentified 5.9 

18.  Commelina benghalensis 5.8 

19.  Parthenocissus semichordata 5.1 

20.  Oxalis corniculata 4.7 

21.  Diplazium esculentum 4.7 

22.  Callicarpa macrophylla 4.4 

23.  Litsea sp 4.3 

24.  Piper longum 4.2 

25.  Persicaria barbata 4.2 

26.  Albizia julibrissin 3.9 

27.  Simpudina 3.9 

28.  Digitaria ciliaris 3.7 

29.  Cyperus rotundus 3.6 

30.  Calamus tenuis 3.2 

31.  Marsilea crenata 3.1 

32.  Cynoglossum zeylanicum 3.0 

33.  Trewia nudiflora 3.0 

34.  Crotolaria sp 2.6 

35.  Solanum surattense 2.4 

36.  Ludwiga hyssopifolia 2.4 

37.  Urtica dioca 2.4 

38.  Clerodendrum viscosum 1.9 

39.  Sida acuta 1.8 

40.  Scoparia dulcis 1.8 

41.  Caesalpinia decapetala 1.6 

42.  Eclipta prostrata 1.6 

43.  Zizyphus mauritiana 1.1 

44.  Colebrookea oppositifolia 1.1 

45.  Euphorbia hirta 1.1 

46.  Colocasia esculenta 1.1 

47.  Flemengia sp 0.8 

48.  Ocimum gratissimum 0.8 

49.  Dysoxylum binectariferum 0.8 

50.  Katahar phul 0.8 

51.  Fimbristalys bisumbellata 0.8 

52.  Helmenthostachys zeylanica 0.8 

53.  Pogostemon benghalensis 0.8 

54.  Mallotus philippensis 0.8 

Annex 6. Prominence value (PV) of plant species in grassland area 
 

SN Species PV 
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1.  Imperata cylindrica 178.9 

2.  Cynodon dactylon 108.6 

3.  Saccharum spontaneum 53.9 

4.  Trifolium repens 48.4 

5.  Bidens pilosa 28.0 

6.  Hemarthria compressa 19.2 

7.  Ageratum conyzoides 18.3 

8.  Eclipta prostrata 16.0 

9.  Cyperus rotundus 15.4 

10.  Coix sp 13.7 

11.  Scoparia dulcis 12.9 

12.  Trewia nudiflora 12.9 

13.  Sonchus sp 11.9 

14.  Unidentified 11.8 

15.  Reinwardtia indica 9.8 

16.  Lippia nodiflora 9.7 

17.  Crotolaria sp 8.5 

18.  Equisetum debile 8.5 

19.  Indigofera pulchella 7.0 

20.  Phyllanthus amarus 6.0 

21.  Saussurea heteromalla 6.0 

22.  Pharagmites karka 6.0 

23.  Albizia julibrissin 6.0 

24.  Flemengia sp 5.1 

25.  Lichi jhar 5.1 

26.  Cassia tora 5.1 

27.  Eleusine indica 4.9 

28.  Acacia catechu 4.8 

29.  Dalbergia sissoo 4.8 

30.  Justicia procumbens 3.9 

31.  Simpudina 3.4 

32.  Sida acuta 1.7 

33.  Callicarpa macrophylla 1.7 

34.  Ficus semicordata 1.2 

35.  Vetiveria zizanioides 1.2 

36.  Ludwiga hyssopifolia 1.2 

37.  Apluda mutica 1.2 

38.  Hydrocotyle nepalensis 1.2 

39.  Dennstaedtia appendiculata 1.2 
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ABSTRACT  

A year round study on the forest resources was conducted from April 2010 to March 2011 in 
Baghmara Buffer Zone Community forest at central lowland area of Nepal. The main objective of the 
study was to analyze cost and benefit of the community forest after two decades of its management by 
local community. Quadrate survey in transects passing through different habitats and information 
collection from secondary sources were applied to find out the stocks of the forest resources and 
investment made. The annual income is more than 50,000 US$ and most of the financial resources 
generated are utilized for local development. From financial point of view, the forest is still in loss 
and the loss cannot be fulfilled even by selling the whole forest resources against to fulfill physical 
development and local needs. 

Key words: Cost and benefit analysis, Baghmara community forest, buffer zone, forest resources. 

INTRODUCTION 

Local residents around the protected areas 

(PAs) of Nepal rely on the resources from these 

areas directly or indirectly. The main dependencies 

of those resources are for thatch grass and fuel-

wood. Considering these facts authorities in 

respective protected areas officially allow for a 

maximum of 10 days to buffer zone residents to 

collect the necessary grasses and reeds. During the 

starting phase of the community forest in late 80s, 

local communities were solely dependent for 

infrastructure development and energy needs in the 

government forests (Tamrakar and Sharma 2002). 

Considering these facts, forest conservation work 

in the Baghmara area was started with twin 

objectives. First objective was to motivate local 

communities towards conservation by providing 

alternative source to meet their vital basic needs 

like fodder and fuel wood through community 

forest; and second objective was to take the 

pressure off the National Park and create positive 

attitude towards biodiversity conservation 

(Dinerstein et al. 1999, Tamrakar and Sharma 

2002). 

Government of Nepal formulated buffer zone 

by laws in 1994. It is possible to create a buffer 

zone around any protected areas. The law 

incorporates one key component for benefit 

sharing as 50% of revenue generated by a specific 

protected area should be recycled for development 
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activities in buffer zone areas. The study is 

conducted in Baghmara Buffer Zone Community 

Forest (BBZCF) which is located in Bachhauli 

Village Development Committee of Chitwan 

District in central lowland of Nepal in between 

27034.78’-27035.53’ N and 84o28.43’-84o29.40’ E. 

This forest borders cultivated land to east, Budhi 

Rapti River to west and north and Bodreni village 

and Rapti river to south (KMTNC 1997). 

Based on the approved legislation and 

operational plan of BBZCF (2003), the user’ 

groups are fulfilling their daily necessities like 

grass and fuel-wood from this forest. The 

plantation sites of the study area were more than 

two decades old. The planted rose wood is one 

valuable timber species of the area. Khair tree 

(Acacia catechu) is another planted species that 

can serve as good cash generating tree. Community 

managed eco-tourism activities generate more 

revenue for the community forest than any other 

forest resources. These direct benefits provided 

from the conservation activities are also helping 

indirectly to generate other economic opportunities 

in the area. Private elephant entrepreneur is one 

example of the indirect economic opportunities 

generated due to the community forest. In these 

private elephant entrepreneurship more than 150 

people are engaged. The present study is aimed to 

analyze cost and benefit of the BBZCF in 

conservation of biodiversity. 

METHODS 
A year round (April 2010 to March 2011) 

survey was conducted in BBZCF to collect 
information about flora and fauna. To collect the 
primary data on vegetation, 34 parallel transects 
spacing 150 m traversing east to west were 
prepared. The transect pass through all habitat 
types of BBZCF. Total length of transects were 68 
km. Data on the existing stock of the forest 
products were collected from transect and quadrate 
sampling techniques. Nested quadrates were laid 
along each transects systematically at each 150 m 

intervals. These quadrates were used to collect 
information about the vegetation. Nested quadrates 
of 20 m × 20 m, 5 m × 5 m and 1 m × 1 m were 
used to collect data on tree, under-story and ground 
vegetation, respectively. In case of grassland, 
quadrates of 1.5 m × 1.5 m were used to collect 
information (Sharma et al. 2012). 

Sampling was conducted at a distance of at 

least 10 m from the border of different vegetation 

types (Sharma et al. 2012). The dry weight of 

above ground tree biomass was calculated by using 

allometric equation multiplied by a constant 

(0.0509). The DBH, total tree height and wood-

specific gravity (Chave et al. 2005-cited in 

ANSAB 2010) were also estimated. The biomass 

stock density was calculated by summing up of 

individual weights of a sampling area and dividing 

it by total sampled area. 
The biomass stock densities were converted to 

carbon stock densities (weight of carbon in the 
tree) by using the IPCC (2006) carbon fraction of 
0.47. Root-to-shoot ratio value of 1:5 (20% of 
AGTB) was used to find below ground biomass 
(MacDicken 1997 – cited in ANSAB 2010). Total 
carbon stock density of tree in particular vegetation 
was calculated by summing up above-ground and 
below ground tree carbon stock density. 

The area was open access for users’ group 

members to collect these goods. So, the money 

value of the grass and fodder was calculated by 

applying the labor cost method. The value of the 

thatch grass was included (NCRTC 1992) and data 

regarding the investment and annual income were 

collected from the official records of Biodiversity 

Conservation Center of National Trust for Nature 

Conservation’s and BBZCF. The previous 

investment were recorded from respective 

references including annual reports, detail 

estimates of project, request letters for the delivery 

of materials and audit reports. The Net Present 

Value (NPV) of the previous investments was 

calculated by discounting annual payment factor at 

the rate of 10% interest rate. The value of non-
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marketed goods were calculated from labor cost 

method or shadow price method. 

RESULTS AND DISCUSSION 
Investment for the conservation of BBZCF 

was initiated in 1988 (Dinerstein et al. 1999). The 

investment was executed through the then King 

Mahendra Trust for Nature Conservation 

(KMTNC) by using financial support from 

different organizations. The funds were mainly 

invested to fence the forest area, plantation of 

seedling and construction of view tower at the 

middle of the community forest area (NCRTC 

1990, 1992, 1995, 1997, 2000; Dinerstein et al. 

1999). The main headings of investment to execute 

fencing were: fencing poles, barbed wires, GI 

wires, skilled labor for fencing, hole-digging for 

pole, tools, and their transportation. To protect the 

fencing from the wildlife, construction of rhino 

proof trenches were successfully practiced. To 

execute plantation, the investment were done for 

ground clearing for plantation, cost of seedlings 

and their transportation, hole digging for 

plantation, and seedling plantation. The net present 

value of the investment made in BBZCF was US$ 

392,630. The funds made from donor organization 

were mainly used for plantation with barbed wire 

fencing (Table 1). 

Table 1. Total investment made in BBZCF 
since 1989 (all amounts in ‘000). 

Headings NRs. US$ 
Plantation 25,642.53 366.32 
Machan (View tower) 
construction 

1,841.68 26.31 

Total 27,484.21 392.63 
Note: Exchange rate 1 US$ = NRs. 70 

The main sources of income of this forest were 

forest product (timber and fuel wood) selling, 

revenues from ecotourism activities (tourist and 

elephant entry), income from other sources like 

grass, thatch grasses, and also penalty on activities 

against the set norms (NCRTC 1990, 1992, audit 

report of BBZCF from fiscal year 1996/97 to 

2009/10). Due to absence of commercially 

important timber species, income from the selling 

of forest resources selling was not so high. The 

community used to sell timber at the rate of NRs. 

110 per cubic feet and fuel wood at the rate of 

NRs. 7 per km. But, the selling depended upon the 

availability of the forest resources and was not on 

regular basis (BBZCF 2003). Total income of the 

BBZCF up to June 2010 was US$ 755,110. The 

maximum income was in the fiscal year 2009/10. 

In this year the total income of this forest was US$ 

111,000. The lowest income (US$ 12,200) was in 

the fiscal year 1997/98. 

Expenses of the income from BBZCF were 

made mainly for conservation activities, skill 

enhancement and income generation different 

development activities of members of users’ group. 

For conservation activities, the main headings of 

expenses were habitat improvement, fencing, staff 

salary, and prevention of river bank cutting. Some 

bulk funds were invested for the development 

activities in the village of users’ group. The main 

area of expenses under development activities were 

school building and road construction. Total 

expense of the community forest up to June 2010 

was US$ 561,810. The maximum expenses were 

made in the fiscal year 2009/10. In this year total 

expenses of the BBZCF was US$ 95,700. The 

lowest expense (US$ 4,100) was made in fiscal 

year 1996/97. 

Total saving of the community forest up to 

2010 was US$ 193,300. The highest saving was 

made in fiscal year 2008/09. In this year total 

saving amount was US$ 60,900. The forest was on 

lost for two fiscal years 2003/04 and 2005/06. Loss 

amount in these fiscal years were US$ 400 and 

US$ 100, respectively. 

The main forest products of this community 

forest were fuel wood and timber. Total value of 

the forest product of this community forest was 

US$ 89,720. Timber was the main forest product 
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with high (88%) monitory value. Fuel wood 

incorporated only 12% value of the forest product 

available in the community forest. Forest stocks 

with high monitory value were in Albizia 

julibrissin forest. This forest incorporated the 

stocks with the monitory value of US$ 29,600 

(33% of total). Lowest amount of the forest 

product was incorporated by savanna. It included 

the forest stock with the amount of US$ 5,600 

(6.2% of the total stock). The amount of timber 

stock was highest in Albizia julibrissin forest and 

lowest in Acacia catechu forest. Similarly, amount 

of the fuel wood stock was highest in Acacia 

catechu forest and lowest in savanna. 

Sequestrated carbon dioxide in tree was 

highest in Dalbergia sissoo forest. This forest 

sequestrated carbon dioxide amounting US$ 

114,000 (31.3% of total). Lowest amount of 

carbon dioxide was sequestrated by Acacia 

catechu forest. This forest accumulated carbon 

dioxide with the value of US$ 10,300 (10.3% of 

total). 

Benefit and loss 
From fiscal year 1996/97 to 2009/10 this 

community forest was able to save US$ 193,300.  

Table 2. Total amount present in BBZCF (all 
amounts in ‘000). 

Headings Timber and fuel wood CO2 sequestration 
NRs. US$ NRs. US$ 

Saving  
amount 

13,530.80 193.3 13,530.80 193.3 

Amount  
of stock 

6,280.57 89.7 25,515.00 364.5 

Total 19,811.37 283.0 39,045.80 557.8 
Note: Exchange rate 1 US$ = NRs. 70 

The monitory value of the timber and fuel 

wood stock of the study area was US$ 89,700. 

Considering the fuel wood and timber as the 

principal forest stock, the community forest had 

the total amount of US$ 283,000. If we consider 

the carbon as the monitory stock this forest had the 

amount of US$ 557,800 (Table 2). 

The main income source of BBZCF is the eco-

tourism revenue. The community forest allowed 

entering the domesticated elephant for ecotourism 

purpose. Community forest used to take the 

elephant registration fee for each elephant and 

entry fee (Audit report of BBZCF from 1996/97 to 

2009/10). Users’ of the forest were allowed to 

collect grass and fodder from the areas during day 

light. During the early phase of its conservation 

(1989) community forest collected the thatch grass 

and sold it in local areas. Income of the forest was 

increased continuously. The graph of the income of 

this community forest since its legalization in 1995 

indicated logistic increment of the income. The 

graphical representation of the expenses also 

indicate the increasing expenses according to the 

income (Fig. 1). This indicates that the saving 

amount of BBZCF had also increasing trend. 

 
Fig. 1. Annual income and expenses of BBZCF 

since 1996/97 to 2009/10. 

Besides annual running cost, BBZCF also had 

some investment in addition to the investment 

made by different donor organizations. The annual 

value of sequestrated carbon dioxide by the trees 

of BBZCF was US$ 21,471.42. 
There were two alternatives to calculate the 

benefit or loss of this community forest. If timber 
and fuel wood were considered as the stock, this 
community forest was still in loss. In this 
alternative the loss amount was US$ 109,600. If 
carbon dioxide sequestration was considered as 
stock, this community forest was in profit. The 
amout of profit in this alternative was US$ 165,200 
(Table 3). 
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Table 3. Benefit or loss of Baghmara Buffer 
Zone Community Forest (all amounts 
in ‘000). 

Headings Timber and  
fuel wood 

CO2  
sequestration 

NRs. US$ NRs. US$ 
Investment 
cost 

27,484.21 392.6 27,484.21 392.6 

Amount of 
stock 

19,811.37 283.0 39,045.80 557.8 

Benefit or 
loss amount 

-7,672.84 -109.6 11,561.59 165.2 

Note: Exchange rate 1 US$ = NRs. 70 

There were twin goal of the joint forest 

management, halting of forest degradation and 

poverty reduction. From conservation point of 

view the joint forest management is quite 

successful. The other goal of reduction of poverty 

is not achieved. Analysis of the achieved goals of 

joint forest management was conducted in 

Jharkhand of India, and result reveals that 

conservation goal was achieved in joint forest 

management (Kumar 2002). From socio-economic 

point of view the poor were the net loosers from 

the joint forest management scheme. The 

community forest management in Nepal mainly 

focused to provide forest resources to its users 

(Baral 2002). So, the goal is mainly focused for the 

forest management. Although having the 

interconnection between conservation and the 

economy, forest management goal is automatically 

linked with poverty. In connection of the economic 

incentive, BBZCF is providing opportunities for 

new job creation. Ongoing ecotourism activities 

inside BBZCF are providing direct job to local 

people through elephant entrepreneurship. The 

BBZCF itself is hiring staffs from its users’. The 

income generating (IG) trainings conducted from 

the BBZCF are also targeted for the local poor. 

Although the main goal of BBZCF is forest 

management and conservation, it is also helping to 

provide economic opportunities for the local poor. 

This finding is different from the finding from 

Jharkhand, India (Kumar 2002). 

A study was conducted in the Modesto (USA) 

regarding the relation of municipal budget and it’s 

interlink with the urban forestry management. 

Valuation of the urban forest was calculated by 

direct and indirect methods. The intrinsic value 

incorporated the benefit from the atmospheric 

carbon dioxide assimilation, reduction of stem 

water runoff, making pleasant temperature during 

summer, aesthetics, and annual air pollutant 

uptake. The Modesto spent nearly two times more 

budget than the available stock of forest resources 

for urban forestry management (McPherson et al. 

1999). Valuation of BBZCF is calculated from 

direct method. The direct services provided from 

this forest are incorporated in the calculation. 

Study conducted in Chicago regarding 

vegetation structure with forest functions and 

values. The values of the forest were analyzed 

indirectly on the basis of services provided by the 

forest trees. The valuation of forest functions like 

removal of air pollutants, carbon sequestration, 

heating and cooling costs, reducing the wind effect 

were taken for the valuation of the forest. The 

result indicated that present value of long-term 

benefit of the Chicago vegetation is double than 

the present costs (McPherson et al. 1997). Current 

economic study in BBZCF is based on the direct 

valuation techniques. It incorporated actual 

investment, income from the forest, and stock of 

the forest resources inside the forest. The forest 

function is calculated on the basis of carbon 

sequestration. The valuation from the direct cost 

indicated that BBZCF is in loss. This study 

resembles with the findings from Chicago 

vegetation structure analysis revealing that on the 

basis of forest function BBZCF is in benefit 

CONCLUSION 

The resources generated by the community 

forest are utilized for local development. Due to 

having their own enough income from the forest, 

the recycled park revenues is not provided to the 
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users’ group area of BBZCF. The communities are 

seeking funds from BBZCF for different kinds of 

development activities. So, there are less saving in 

their account. From financial point of view the 

forest user group is still in loss and the loss cannot 

be fulfilled even by selling the whole forest 

products against to fulfill physical development 

and local needs. 
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Abstract: Baghmara Buffer Zone Community Forest (BBZCF) is covering 215 ha area and located in the 
central lowland of Nepal. A study from April 2010 to March 2011 was conducted in the area to find out the 
behavior of seven species of large wild mammals namely barking deer, spotted deer, wild boar, rhinoceros, 
rhesus monkey, sambhar and hog deer. Primary data on daily activities of those wildlife were recorded from 
fixed places as well as from parallel transects (n = 34). Total of 68 kilometer length was covered in all line 
transact, traversing east to west through all habitat types of BBZCF. Total observation time for the different 
diurnal behavior was 3638 minutes. Common behavior observed were feeding (browsing & grazing), resting, 
running, walking, playing, digging and tree climbing. All wildlife species, except hog deer, spent more than 
40% of their time on feeding. Digging and tree climbing were specific behavior of wild boar and rhesus monkey 
respectively. Grasses and forbs were common food plants. More than 70% observed time of rhinoceros were 
found disturbed from tourism activities. 
 
Key words: Wildlife behavior, Community Forest, Diurnal activities, Feeding, Food plants 
 
Introduction 
 
A buffer zone community forest area was designed two decades ago in Baghmara at the 
adjacent of Chitwan National Park. It is managed forest land created for the benefit of locals 
and wildlife themselves. The consequences of the long effort of maintenances of habitat 
provided the opportunity of re-colonization of some endangered flagship species like Asian 
One Horned Rhinoceros in the forest patch (Sharma and Chalise 2012). This indicates the 
establishment of a healthy forest habitat maintained by the institutional engagement for the 
resource management and the involvement of local stakeholder in the process of conservation 
of the community forest where, grazing and hunting is totally controlled while legal 
collection of fuel wood and fodder is permitted periodically. Community conservation efforts 
for twenty years have ameliorated the condition of Baghmara forest. Becoming a pioneer to 
start wildlife eco-tourism in community managed forest it has been earning more than US$ 
50,000 per annum as eco-tourism revenue. The community was less dependent on revenue 
generated from forest products selling. 
 
In the beginning of community managed forest there were only two species of large wild 
mammals (Sharma et. al. 2011). At present, this forest is becoming habitat for 22 species of 
mammals of different status (Table 1). 
 
Tab.1 Wild animals recorded from Baghmara community forest Chitwan, 2010-11 

Common name Scientific name National status IUCN Status 

Asiatic Elephant Elephas maximus Protected Endangered 

Barking Deer  Muntiacus muntjak  Least concern 

Bengal Tiger  Panthera tigris Protected Endangered 

Common Leopard  Panthera pardus  Near Threatened 

Five-stripe Palm Squirrel Funambulus pennantii   

Golden Jackal  Canis aureus  Least Concern 

Hanuman Langur  Semnopithecus entellus   
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Hog Deer  Axis porcinus porcinus  Endangered 

House Rat  Mus musculus   

Indian Crested Porcupine  Hystrix indica   

Indian Grey Mongoose  Herpestes edwardsii   

Jungle Cat  Felis chaus   

Large Indian Civet  Viverra zibetha   

One-horned Rhinoceros  Rhinoceros unicornis Protected Vulnerable 

Rhesus Macaque  Macaca mulatta  Least concern 

Rufous-tailed Hare Lepus nigricollis   

Sambar Deer  Cervus unicolor  Vulnerable 

Sloth Bear  Ursus ursinus  Vulnerable 

Small Indian Civet  Viverricula indica   

Smooth Coated Otter  Lutrogale perspicillata   

Spotted Deer  Axis axis  Least concern 

Wild Pig Sus scrofa  Least concern 

 
Behavior of an organism is sum of the responses to its internal or external stimuli (Parajuli 
2007). Behaviors such as feeding, reproduction are common in all animals and these involve 
in different occasions differ according to species and their mode. Animal behavior is the 
means of functional importance from which an animal maintains its relation with the 
environment. Wildlife behavior is a basic necessity for intelligent conservation and 
management. Biological data with their behavior are vital for in-situ conservation of wildlife 
species (Parajuli 2007). 
 
Conservation efforts have brought significant ecological and socio-economic changes in the 
area. Changes in ecological condition and occurrence of diverse type of wildlife with 
continued eco-tourism practices may cause alteration of the behavior among wild animals. 
Such impacts need to be quantified and assessed in future. This study will try to analyze the 
behavior of large mammals found in the area at the present context that could be baseline data 
for future use and comparison. 
 
Methods 
 
Baghmara Buffer Zone Community Forest is located in Bachhauli Village Development 
Committee of Chitwan District, in subtropical region of lowland Nepal (Fig.1). It is situated 
in Buffer Zone area of Chitwan National Park at eastern sector in between 27o34.78�-
27o35.53� northern latitude and 84

o28.43�-84o29.40� eastern longitude elevation of 170 to 200 
meter above sea level. The climate is sub-tropical monsoon type with relatively high 
humidity. Monsoon rain prevails in the study area from late June to September and amount of 
annual rainfall ranges from 14.04 mm to 602.2 mm. Heavy flooding occurs during the 
monsoon. The average daily maximum temperature of the area in hot summer days is about 
36.8oC. Spring starts from March and is immediately followed by summer and that ends in 
June. The minimum temperature is about 7.8oC in cool dry winter season which occurs from 
October to February (Sharma and Chalise 2012). 
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Figure 1 � Location of Baghmara BZCF in Nepal. 
 
Observations in fixed places were applied to observe wildlife behavior. Field studies were 
conducted on daily basis from 1st April 2010 and completed on 31st March 2011. The 
behaviors of studied wildlife were recorded by scan sampling method for one minute at 
interval of 30 minutes (Martin and Bateson 1993). Other interesting behaviors of the group 
members were recorded whenever they were observed. Five observers collected focal and ad 
libitum data. Observed diurnal behaviors of studied wildlife were recorded on seven 
categories as feeding, resting, running, walking, tree climbing, digging and playing. For 
simplicity grazing and browsing behavior were categorized as feeding. Food habitats were 
discerned by direct observation during the scan sampling. Field study was conducted 25 days 
per month (n = 300 days in one year). Daily observation lasted up to 8 hours. Observation 
was conducted in morning (starts from 6:00 am), afternoon (starts from 12:00 noon), and 
evening (starts from 4:00 pm). Among 300 observation 123 events (41%) were conducted in 
the morning, 84 events (28%) were conducted in the day and 93 events (31%) were 
conducted in the evening. 
 
 
Result and discussion 
 
In one year study period, total direct contact time with the wildlife for behavior study was 
3638 minutes. The behavior study was conducted only in diurnal time. So, the contact time 
was also differs according to the species which were more active in the day time or night 
time. 
 
Spotted deer were more common wildlife observed in the study area. Their numbers were 
high in comparison to the other wildlife species (Sharma et. al 2011). So, during the 
observation more contact time (54.7%) was for spotted deer. The more contact time were 
recorded for diurnally active wildlife like rhesus monkey (10.4%), rhino (8.7%) and hog deer 
(8.2%). Least contact time were for nocturnal wildlife like wild pig (7.1%), barking deer 
(5.7%) and sambar (5.1%) (Fig. 2). 

Chitwan National Park 

Baghmara Buffer Zone 
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Figure 2 � Observation time for behavior study of different wildlife 

 
Although being nocturnal species (Dinnerstein 1980) barking deer used 57.4% diurnal time 
for feeding. During feeding they used 40.8% time for browsing and 59.2% time for grazing. 
They utilized the remaining time for walking 39.2%, running 2.9% and resting 0.5% (Fig. 3). 
During browsing average feeding schedule was two grabs per minute. While in the grazing 
average feeding bites was ten grabs per minute. Plant species and their feeding frequency 
were Cynodon dactylon (33.3%), Ageratum conyzoides (16.7%), Imperata cylindrica 
(16.7%), Digitaria ciliaris (16.7%) and Rungia parviflora (16.6%). Instead of consuming 
field crops, as indicated by Pokharel and Chalise (2010) in Kaski, they were more relaying on 
the forest grasses. This is due to the presence of different patches of grassland inside the 
study area, which provided more grazing opportunities than the previous study where dense 
tree canopy did not allowed to grow foraging plant species for this wildlife. 
  

 
Figure 3 � Diurnal time spent by barking deer for different behavior 

 
Spotted deer utilized 47.0% of their diurnal time for resting. They spent 42.0% of their time 
for feeding, 6.0% for walking and 5% for running (Fig. 4). On the total feeding period they 
spent 79% time for browsing and 21% time for grazing. During browsing average grabs per 
minute was 7.7 and that was 14.7 during grazing. Previously it was recorded that spotted deer 
were spending more diurnal time for feeding followed by walking (Parajuli 2007). In our 
result they were spending more time for resting. This is due to the difference in the study site 
and habitat used by human activities. Most of the diurnal time (7 am to 5 pm) of current study 
site is disturbed from tourism activities, mainly elephant riding. Spotted deer like to hide 
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from the disturbances (Mishra 1982) and will lessen their activities. So, they are taking rest 
understory during the study period (basically daytime). They were found eating ten species of 
plants. Among those species more frequent eating species were Cyanodon dactylon (29.4%), 
Ageratum conyzoides (20.6%), and Imperata cylindrica (20.6%) (Annexure 1). Instead of 
consuming wide variety of tree and shrubs as indicated by Dinnerstein (1980) in Bardia 
National Park, spotted deer of BBZCF were mostly consuming forbs and grass species. This 
seems to be due to the availability of diverse grass and forbs species and presence of few 
palatable trees and shrubs species in this area. 
 

 
Figure 4 � Diurnal time spent by spotted deer in different behavior 

 
Wild pigs were spending more diurnal time (47%) for feeding. During feeding they spent 
89% time for browsing and 11% time for grazing. They utilized the other time for running 
17%, walking 11%, resting 19% and digging 6% (Fig. 5). Wild pigs are nocturnal (Mishra 
1982) opportunistic omnivores and their diet incorporated at least one energy-rich plant 
(Schley and Roper 2003). Although being nocturnal wildlife species they spent more diurnal 
time for feeding in BBZCF. This seems to be less palatable food available for them in the 
forest area which causes them busy in daytime too to find scarce food items in the study area. 
 
 

 
Figure 5 � Diurnal time spent by wild pig for different behavior 
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Rhino spent more diurnal time (75%) for feeding. During feeding they spent 91% time for 
browsing and 9% time for grazing. They utilized other time for walking (7%) and resting 
(18%) (Fig. 6). From direct observation of grazing sites in BBZCF, rhino were eating seven 
species of plants. Among the food plants, Cynodon dactylon was more frequently eating grass 
species (27.3%) followed by Callicarpa microphylla (18.2%) and Imperata cylindrica 
(18.2%) (Annexure 1). We find the same result as mentioned by Hutchins & Kreger (2006) in 
Chitwan National Park that one-horned rhinoceros used more time for feeding and the 
foraging species were grasses and aquatic plants. 
 

 
Figure 6 � Diurnal time spent by rhino in different behavior 

 
Rhesus monkey used more diurnal time (42%) for feeding (Fig. 7). They spent their other 
time for playing (19%), resting (15%), running (11%), tree climbing (7%) and walking (6%). 
Previously it was recorded that rhesus monkey spent more diurnal time for resting (Shrestha 
et. al 2001). In our study they spent less time for resting. These differences were due to the 
change in the study sites and time of daily monitoring. Previous study was conducted in 
between 9 am to 5 pm in the temple area where they rely on pilgrim people and needed less 
effort for food. 
 

 
Figure 7 � Diurnal time spent by rhesus monkey in different behavior. 

 
Sambar used to spend more diurnal time (55%) for feeding (Fig. 8). During feeding they 
spent 45% time for grazing and 55% time for browsing. They utilized other diurnal time for 
resting (35%), walking (7%) and running (3%). Sambars are nocturnal in nature but being 



7 
 

large bodied animals they used to spend more time for feeding. These results were similar 
with the previous research (Mishra 1982, Hutchins & Kreger 2006). Our finding on the 
habitat used by Sambar was different from the previous studies in Bardia National Park 
(Dinnerstein 1980). Dinnerstein find the Sal forest was prime habitat for Sambar, but they 
were well distributed in our study area which was Tropical Evergreen Riverine Forest 
(Sharma et al. 2012). The cause of this different can be the microclimatic condition and less 
competition with other large deer in our study area for the food. But, there was competition of 
sambar with Blue Bull in riverine area of Bardia National Park (Dinnerstein 1980). 
 

 
Figure 8 � Diurnal time used by sambar in different behavior 

 
Hog deer used more diurnal time (44%) for walking and 26% diurnal time for feeding (Fig. 
9). For feeding they used more time for browsing (93.5%) than grazing (6.5%). They utilized 
other time for resting (24%) and running (6%). They are solitary wildlife and their favorable 
habitats were tall floodplain grassland (Dinnerstein 1980, Mishra 1982). We found this 
wildlife in the borders of ox-bow lakes where the floodplain grasses were short. Only small 
numbers of this wildlife (Sharma et. al 2011) preferred this area due to the presence of similar 
microclimatic condition of floodplain grassland area. 
 

 
Figure 9 � diurnal time spent by hog deer in different behavior 
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Among the studied wildlife barking deer, rhino, wild pig, rhesus monkey and sambar deer 
spending more diurnal time for feeding. Hog deer were spending more diurnal time for 
walking and spotted deer were using more time for resting. Such patterns are similar to the  
result of the earlier findings (Hutchins & Kreger 2006) that the feeding time of the wildlife 
depends on their body size, availability of food and habitat surroundings (Chalise 2000). 
Although being a nocturnal animal barking deer, sambar, and wild pig (Dinnerstein 1980, 
Mishra 1982, Pokharel & Chalise 2010) used less diurnal time for resting (Fig. 10). 
 

 
Figure 10 � Percentage of time spent by different wildlife in different behavior in BBZCF 
 
Tourism and its impact in wildlife behavior 
 
In total 15.2% of spotted deer�s diurnal time was disturbed from the tourism activities. 

During the study it was observed that they could easily identify the sites from where they 
were going to be disturbed. So, during the preparatory phase of disturbance period they left 
their ongoing normal behavior (like grazing, resting, playing). Before observing the touristic 
elephant initial 22.7% time period, termed as preparatory phase, was used to identify the 
areas from where they were going to be disturbed. In this phase they tried to escape and hide 
from the disturb sites. The behavior observed during the preparatory period were looking 
around by erecting ears, fawns were running, wakeup from resting, and gathering all team 
members in one group. After these behaviors they tried to hide from the disturbances. If they 
were unable to hide and contacted with the touristic elephant, they used to escape inside the 
dense bushes or forest. 
 
Similarly, 71% of the rhino�s diurnal time was disturbed from the tourism activities. 
Preparatory phase for the disturbances ended within 5 minutes. In preparatory phase they stop 
their ongoing normal behaviors (like grazing, milking to calf, walking and browsing). In this 
time they used to watch towards the disturbed sites. After getting contact with the touristic 
elephants they waited for a maximum of 5 minutes and look whether the elephant to come 
towards them or not. In this waiting phase scaring behaviors like pepping, snoring and 
running were recorded. After waiting phase, rhino used to escape from the disturbances. 
During escaping behaviors like hiding in bushes or forests, calling to calf, and standing inside 
dense bushes were observed. Our findings were also similar with Yasuè and Dearden (2006) 
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about the impact of the anthropogenic activities in the natural behavior of bird in Thailand, 
which indicated anthropogenic activities directly affect the natural behavior of wildlife. 
 
CONCLUSION 
 
After taking the responsibility of its management from local community, BBZCF it restored a 
mosaic of different habitats types and forest became favorable for large mammals. Some 
nocturnal wildlife likes to graze in the day time in the study area. The community managed 
eco-tourism activities were common during the day time which disturbed the diurnal normal 
behavior of spotted deer and rhinoceros. Managed eco-tourism activities for short diurnal 
time will favor the emerged wildlife to stay in the newly restored habitat of BBZCF. The fix 
route system for the tourists� observation will help fewer disturbances to wild animals. They 
will be accustomed by the regular human/elephant trail and will stay at distance. Therefore 
random trail should be prohibited and elephant drivers should be restricted to the certain time 
limit in the morning as well as in the evening. 
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Annexure 1 � name of plant species with eating frequency by chital and rhino during their 

feeding time 

Name of plant species 
Eating frequency (%) 

Spotted deer Rhino 
Cynodon dactylon (L.) Pers. 29.4 27.3 
Ageratum conyzoides L. 20.6 -- 
Imperata cylindrica (L.) Beauvois 20.6 18.2 
Rungia parviflora (Retz.) Nees 8.8 9.1 
Oxalis corniculata L. 5.9 -- 
Hemarthrua compressa (L. f.) R. Br. 2.9 -- 
Eleusine indica (L.) Gaertn. 2.9 -- 
Mikania micrantha Kunth 2.9 -- 
Bombax ceiba L. (flower) 2.9 -- 
Artemisia indica Willd. 2.9 -- 
Callicarpa microphylla Vahl -- 18.2 
Digitaria ciliaris (Retz.) Koeler -- 9.1 
Circium arvense (L.) Soop -- 9.1 
Diplazium esculentum -- 9.1 
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WILD UNGULATE POPULATION IN BAGHMARA BUFFER ZONE COMMUNITY 
FOREST, NEPAL 
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Abstract 
 
Study is conducted in Baghmara Buffer Zone Community forest aiming to find out the total 
ungulate population. Total complete count method was utilized by direct visual counting 
technique. The enumerator covered the entire forest by walking along the fixed bearing from 
one end to another end of the forest and counting all ungulates. The animals were stalked and 
approached with minimum disturbance, counting and sex was confirmed by with the help of 
binoculars. The current study recorded five species of ungulate namely barking deer, hog 
deer, sambar deer, spotted deer and wild boar. 12 resident barking deer, 2 hog deer, 23 
sambar deer, 4 wild boar and 182 individuals of spotted deer are recorded. The number of 
wild ungulates increase significantly (T = 2.01, p < 0.05, df = 8) in post-community 
management regimes (n = 224) than the pre-community management (n = 1). 
 
Key words: Baghmara, ungulate, Buffer Zone, Community Forest 
 
INTRODUCTION 
 
Lowland (sub-tropical) region of Nepal is famous for charismatic and diverse form of 
wildlife. The riverine subtropical forest with flood plain adds its richness in biodiversity. The 
commercial demand and the local marginalized peoples� needs have exerted pressure that has 

led to decrease its densities and their population outside the protected areas. However, the 
community forestry programs established by government and managed by local people 
outside the protected areas are the last refuse of biodiversity and specially of larger mammals 
as large size fauna is the first choice of poacher. 
 
In 1963, the Baghmara forest was favorable habitat for tiger and rhinos and was also a 
hunting ground. Later due to extensive exploitation of the forest it was merely an 
unproductive barren wilder land for animals and plants. In 1988 Baghmara forest area was 
identified for conservation activities. At that time a few wildlife species existed but the 
information about them was scattered in different notes and papers. Although the 
conservation initiative started in 1989, BBZCF was officially institutionalized in 1994 under 
the legislation of Department of Forest (BCF, 1994). In 2003, this forest was registered 
according to buffer zone regulation based on the fourth amendment of the National Parks and 
Wildlife Conservation Act (in 1994). A systematic wildlife and vegetation study of this area 
was conducted first time in 1994 (NCRTC, 1995) and thereafter it was monitored on regular 
basis. After more than 20 years of conservation efforts a healthy forest area with different 
habitat types was created and some endangered flagship species and other common large 
wildlife species were re-colonized (NCRTC, 2000). 
 
This study is focused on the status of ungulate population in pre and post community 
management period. The information on restoration of ungulate population during these 20 
years has compared comprehensively. During the pre community management period less 
security added with the open grazing practices and available space was not supportive for the 
diversity of wild animal and their population. The study will describe the large mammalian 
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species available in Baghmara Buffer Zone Community Forest and increase in their 
population during 1995 and 2011. 
 
STUDY AREA 
 
Baghmara Buffer Zone Community Forest (BBZCF) is located in Bachhauli Village 
Development Committee at eastern sector Buffer Zone area of Chitwan National Park, Nepal. 
It is situated in between 27o34.78�-27o35.53� northern latitude and 84

o28.43�-84o29.40� 

eastern longitude in subtropical region of central lowland Nepal at an elevation of 170 to 250 
meter above sea level. This forest borders cultivated land to east, Budhi Rapti river to west 
and north and Bodreni village and Rapti river to south. Baghmara forest is divided into five 
vegetation type based on composition and predominant plant species namely (a) Acacia 
catechu forest, (b) Albizia lucidior forest, (c) Savanna grassland, (d) Dalbergia sissoo forest 
and (e) Trewia nudiflora forest. The climate is sub-tropical with monsoon having relatively 
high humidity. Annual average rainfall (2000 � 2010) of the area is 2212.3 mm. Average 
maximum and minimum temperature of the area is 30.90 C and 18.20 C. The area included 
three main climatic seasons namely, pre-monsoon, monsoon, post-monsoon. This area 
consists of riverine areas with five types of forests. The forest provided excellent habitats for 
different wildlife including endangered Rhinoceros unicornis (Sharma et al. 2011, 2012). 
 
MAYERIALS AND METHODS 
 
Total complete count method of animal was conducted once by direct visual counting 
technique (Gopal, 1992). To reduce the double counting and missing of some animal in count 
the enumerators were placed in such a way that they are able to see the enumerators in their 
left and right. The enumerator covered the entire forest by walking along the fixed bearing 
from one end (baseline) to another end of the forest and counting all ungulates. In total 18 
transects traversing the entire forest were prepared for the census. The size of transects was 
set in such a way that it can be covered by 18 enumerators, spaced at least a distance of 100 
meters, within an hour. The animals were stalked and approached with minimum disturbance, 
counting and sex was confirmed by with the help of binoculars. Three enumerators were 
waiting in the tree platform as vantage point at the end of forest to count the escape animal 
during census. 
 
This area was completely fenced towards the three sides, only western part is bordered by 
river. Therefore, animals were driven in such a way that chances of escaping animals from 
the sight of enumerator were not possible. Considering entire community forest as one census 
unit, total count was performed to all ungulates. Prior to start briefing about the counting 
techniques and the area to be counted was delivered to all technicians. A starting point was 
identified and 23 technicians (including 5 elephant drivers) spaced at intervals of 100 meters 
were placed. They are instructed to move quietly through the jungle with compass bearing on 
hand and record sighted ungulates. All technicians had watches that are set to the watch of 
the drive count coordinator. Data on time, species, age, sex, number and location with 
reference to the line of travel and direction of movement of the wildlife were recorded. Total 
counting of wildlife was conducted in early morning. During counting the enumerators also 
take note of those animals which are seen to their left and right. Details of wildlife regarding 
approximate age, sex and other evidences were recorded. 
 
Secondary information related to ungulate population was collected from different sources. 
Published documents like annual reports, technical reports and management plans were the 
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main source of secondary information collection. The collected information were analyzed by 
using Microsoft excel and Minitab version 15. Secondary data from other research works 
were also used for analysis. Wherever possible the collected data were analyzed by different 
statistical tests like means, medians and significant tests (Johnson and Bhattacharyya, 1996). 
T-test was used to analyze whether the ungulate population increase significantly in post-
management than the pre-management regime or not. The population increment factor was 
calculated by dividing the wildlife population of post-management by the wildlife population 
of pre-management regime. 
 
RESULTS 
 
The management periods as well as population of wildlife categories were evaluated on the 
basis of more than 20 years of conservation efforts. That included: a) pre-community 
managed period from 1989 to 2000, and b) post-community managed period from 2001 to 
2011. 
 
Ungulate species in BBZCF consists of barking deer (Muntiacus muntjack), hog deer (Axis 
porcinus), sambar (Cervus unicolor), spotted deer (Axis axis) and wild boar (Sus scrofa). A 
detail of population composition in terms of age and sex is given in table 6. 
 
12 resident barking deer, 2 hog deer, 23 sambar deer and 182 individuals of spotted deer are 
recorded. Details of population composition in terms of age and sex are given in table 6. Only 
one resident wild boar group is recorded from Baghmara Buffer Zone Community Forest. 
Total population of this species is five with more juvenile male (n = 4) and only one adult 
female. As wild boar group was recorded with juveniles that indicate presence of adult male 
but it could not be observed. 
 
Table1 � Population with age and sex composition of prey species in the study area 2011. 

Wildlife species 
Age / Sex / number Total 

number AM AF SM YAF JM JF Infant UN 
Muntiacus muntjack 8 2 - - - - 1 1 12 
Axis porcinus 1 1 - - - - - - 2 
Cervus unicolor 7 13 - 1 1 - 1 - 23 
Axis axis 43 63 8 5 7 8 13 35 182 
Sus scrofa - 1 - - 4 - - - 5 

Note: AM = adult male; AF = adult female; SM = sub-adult male; YAF = young adult female; JM = juvenile 
male; JF = juvenile female; UN = unidentified 

 
During pre-community management period only one ungulate species (sambar) was recorded 
from the area (BCF, 1994). Spotted deer was recorded only in 2001 (KMTNC, 2001). The 
current study recorded five species of ungulate namely barking deer, hog deer, sambar deer, 
spotted deer and wild boar. Their number increase significantly (T = 2.01, p < 0.05, df = 8) in 
post community management regimes (n = 224) than the pre-community management (n = 
1). 
 
Table 2 � Populations of wild animals in pre and post management regimes (1995 to 2011). 

Name of 
wildlife 

Recorded year (1995 to 2011) 

Pre-community manage Post-community manage 

95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 

Barking deer - - - - - - - - - - - - - - - - 12 
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Name of 
wildlife 

Recorded year (1995 to 2011) 

Pre-community manage Post-community manage 

95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 

Hog deer - - - - - - - - - - - - - - - - 2 

Sambar 1 - 1 - - - - - - - - - - - - - 23 

Spotted deer - - - - - - 24 - - - - - - - - - 182 

Wild boar - - - - - - - - - - - - - - - - 5 

 
DISCUSSIONS 
 
The previous study indicated that this area was quite favorable habitat for large and 
charismatic wild mammals (NCRTC, 1995). Before the fifties the heavy anthropogenic 
pressure in the form of hill migration, agriculture extension, overgrazing and illegal logging 
of trees, reduced the wildlife population heavily (NCRTC, 1990). 
 
Current study recorded four deer species, such as spotted deer, barking deer, hog deer and 
sambar deer from Baghmara forest. There were no earlier reports about their presence in area. 
Barking deer are solitary animal and observed mostly single along the shady areas of dense 
forest habitat (Chalise, 2001). Any record regarding its presence and absence was lacking in 
the pre-management regime of this community forest. This area was much disturbed due to 
heavy grazing by cattle of surrounding villages and other activities of local community that 
would have caused the disturbance or removal of wildlife during the pre management phase. 
 
Presence of hog deer in the study area indicates the availability of suitable habitats. Its 
general distribution indicate its solitary nature in alluvial grassland (Mishra, 1982), and the 
floodplain grassland of BBZCF. In the pre-management phase there was not a single record 
of this species in this area (NCRTC, 1995). Current monitoring result indicated its 
availability (n = 2) at the edge of oxbow lake rather than from floodplain. There was no 
report of sambar deer presence at the initial stage of community management (NCRTC, 
1995). Only one sambar deer was reported for the first time in the study area during 1995. 
Population count of this species was discontinued from its first record. The conservation of 
favorable habitats, like forests, grassland and wetlands inside the study area lead to increase 
(n = 23) the population of this mammal, in the post community management period. 
 
The population of spotted deer seems a good in post-community regime whereas no 
residential spotted deer recorded during the initial phase of community forest management. 
They may be then frequent visitor from nearby Park Forest. Wildlife count in 2000, 
immediately after flooding, reported 24 spotted deer in the area (KMTNC, 2001). This was 
the first official record of this species from the Baghmara area. Then the systematic count of 
this species was the current study only after a decade, which recorded 182 individual spotted 
deer. Proper management of the available spaces (BBZCF, 2003), regular patrolling and 
permanent sources of water (KMTNC, 2001) in the area favor the wildlife to recolonize in the 
area. Density of five wild ungulates in the study area was 104.2 individuals/km2, more than 
two hundred times higher than in pre-community manage period. The increment was mainly 
due to the remarkable increase the population of spotted deer and sambar deer as the habitat 
flourished. 
 
There was significant increase in ungulate species population in post-management than pre-
management phase (T = 2.01, p < 0.05, df = 8). In the study area population of wild ungulates 
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was increased by a factor of 11.2 in 20 years of community forest management. The number 
of ungulates in the study area was 0.5 animals/km2 in 1995/1996 and increased to 104.2 
animals/km2. Increase in abundance was due to remarkable change in population of all five 
ungulates. The frequent patrolling from the forest guards and the users� group members 

provided safeguard to the wildlife. Regular patrolling inside the forest helped to reduce the 
disturbances to the wildlife. Poaching of the ungulate species was not reported since its 
management from the community. These all factors in association with the improved 
condition of the habitats with regular sources of water favor to increase the abundance of 
wild ungulates in the study area. 
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Abstract 
 
Aiming to analyze prey structure of carnivores, year round daily monitoring of wildlife was conducted from 
April 2010 to March 2011in the study area. Extensive direct observations were used to find out the social 
structure of wildlife. The observations were made by traversing quietly through the forest along a grid of 2 
meter wide. Each sighting of the wildlife was recorded in predesigned data sheets incorporating number of the 
group and numbers in different sex and age classes. Total complete count of animal was conducted once by 
direct visual counting technique. Total recorded wildlife species from the area are 30 incorporating 24 
mammalian and 6 reptilian species. Among them six species are listed as endangered, five species are listed as 
vulnerable and three species are listed as near threatened. Similarly, five species of recorded wildlife are listed 
as nationally protected animals. The average number of ungulate observed in each month is 7.6 individuals. The 
observe numbers are higher (> 8 individuals) in four months of the year and lower in the rest of months. The 
average observed numbers are lowest during pre-monsoon and post-monsoon months. In total count 300 
individuals of wildlife are recorded. Total biomass of main ungulates and primate is 15,966 kg. From 
conservation point of view the study area is quite important habitat for biodiversity conservation. 
 
 
Key words: Prey, Ungulates, Baghmara Buffer Zone Community Forest, Biomass 
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INTRODUCTION 
 
A true predator is one which kills and eats another organism. Predation is a biological interaction where a 
predator gets benefit, a positive interaction, in the form of food and prey become food, a negative interaction. 
The key characteristic of predation is the predator's direct impact on the prey population. Predators may hunt 
actively for prey, or sit and wait for prey to approach within striking distance, as in ambush predators. Some 
animals kill both large and small prey of their size (Begon et al. 1996). 
 
Successful predation results a gain of energy and hunting also involves energetic costs. When hunger is not an 
issue, most predators will generally not seek to attack prey since the costs outweigh the benefits. Costs and 
benefits are considered in energy gain per unit time. Social predation allows some animals to organize a hunt on 
prey that would easily escape a single predator. Social predation offers the possibility of predators to kill 
creatures larger than those that members of the species could overpower singly (Gopal 1992). 
 
Size-selective predation involves predators preferring prey of a certain size. Large prey may unmanageable for a 
predator, while small prey might prove hard to find and in any case provide less of a reward. This has led to a 
correlation between the size of predators and their prey. Size may also act as a refuge for large prey (Caro, 
1986). 
 
The population of the predator depends on the population of prey species. Usually the abundance prey occurs in 
and predation is density dependent. It helps to promote diversity in prey species. The tiger is one of the large 
terrestrial predators among the mammals of Asia including Nepal. The third largest terrestrial mammalian 
carnivore of this continent is leopard. They are specialized predator of large ungulates predominantly (Sunquist 
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et al. 1999). There is diversity of prey species of the tiger in this region. The prey species range from the small 
size porcupine to large size deer sambar. Although they are taking diverse animals as their prey, the main prey 
species of tiger in Chitwan National Park are Axis axis, Cervus unicolor, Axis porcinus, Muntiacus muntjak, and 
Sus scrofa (Karki 2011). 
 
Leopards are versatile and opportunistic hunters. They have very diverse diets. They are eating rodents, reptiles, 
ungulates, amphibians, insects, primates, birds, fish, and sometimes smaller predators (like bat-eared foxes, 
martens and jackals). Their main diet consists of ungulates and monkeys (Nowell and Jackson 1996). 
 
Study area 
 
Baghmara Buffer Zone Community Forest (BBZCF) is located in Bachhauli Village Development Committee at 
eastern sector Buffer Zone area of Chitwan National Park, Nepal. It is situated in between 27o34.78�-27o35.53� 

northern latitude and 84o28.43�-84o29.40� eastern longitude in subtropical region of central lowland Nepal at an 

elevation of 170 to 250 meter above sea level. This forest borders cultivated land to east, Budhi Rapti river to 
west and north and Bodreni village and Rapti river to south. Baghmara forest is divided into five vegetation type 
based on composition and predominant plant species namely (a) Acacia catechu forest, (b) Albizia lucidior 
forest, (c) Savanna grassland, (d) Dalbergia sissoo forest and (e) Trewia nudiflora forest. The climate is sub-
tropical with monsoon having relatively high humidity. Annual average rainfall (2000 � 2010) of the area is 
2212.3 mm. Average maximum and minimum temperature of the area is 30.90 C and 18.20 C. The area included 
three main climatic seasons namely, pre-monsoon, monsoon, post-monsoon. This area consists of riverine areas 
with five types of forests. The forest provided excellent habitats for different wildlife including endangered 
Rhinoceros unicornis (Sharma et al. 2011, 2012). 
 
MATERIALS AND METHODS 
 
A year round, (April 2010 to March 2011) monitoring of the wild prey species with the help of two observers 
were conducted in the study area. During monitoring they were following the set transects. While traversing 
through transects they recorded the observation of the total number of wildlife seen in a group and numbers in 
different sex, age classes with weather condition, location, behavior, activities and time. Total count of wildlife 
in the study area was conducted once by applying direct visual counting techniques (Gopal 1992). The biomass 
of ungulate species was calculated on the basis of already published data. Total weights of different species 
were calculated by multiplying the weight of the species, referred from the published literature, with total 
number of individuals (Sunquist et al. 1999, Wegge et al. 2009). 
 
Extensive direct observations were used to find out the social structure of wildlife. As the water supplies and 
suitable feeding areas are not highly localized in the study area, observation from fixed point seems unsuitable. 
Dense vegetation and movement of predators and rhino makes observation from fixed point is relatively 
unprofitable. So, the observations were made by traversing quietly through the forest along a grid of 2 meter 
wide. 
 
The total length of transect was 68 km. Each sighting was recorded in predesigned data sheets. The date, time, 
species, and activity first sighted was recorded in the sheet. The total number of the group and numbers in 
different sex and age classes were also noted. Daily wildlife observation lasted up to 8 hours. 
  
The term �group� applies to all units of animals seen in one sighting very close to each other and doing social 
activities closely. Different criterions used for ageing and sexing to the ungulate species apply (Mishra 1982). 
Aging and sexing criterions for rhino used as described by Laurie (1978) and for rhesus by Chalise (2000, 
2001). The detailed of those criterions used for different wildlife were as follows: 
 
Spotted deer 

Four age class were recognized in the field (Mishra 1982). They were: 
 
a) Juvenile and fawn: Fawns are 1 to 30 days old approximately, having longish hair than to the size of their 

mother�s hair. When standing beside their mothers, the level of fawn�s backs was below the level of their 

mother�s belly. Juveniles are approximately one to 12 months old and were distinguished from fawn by 
their smooth coat and their size was intermediate between fawns and yearlings. 
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b) Yearlings or sub-adults: They are 12 months to 24 months of age. Yearling males stood approximately 40-
50 cm and females were 30-40 cm at shoulder height. Yearling males also exhibited small humps on their 
frontal bones and in most cases spike antlers were visible. 

 
c) Adults: They are over 2 years of age and can be distinguished from yearlings by their size. In males antlers 

size and branches also indicates adulthood while female that looks large and mature than yearlings. 
 
Hog deer 

The criterion used for spotted deer was also adopted for Hog deer. Fawns of hog deer has piglet-like movement 
and have prominent spots on their coat with longish hair less glossy than juveniles. Yearlings had faint spot 
along their back and are not prominent in adults. 
 
Sambar 

Spots in the coat is absent in fawn. They are paler than juveniles. The fawn is considered when new born is less 
than two months old and juveniles are between 2-12 months of age. The sub-adult/yearlings can be easily 
distinguished from the adult. 
 
Barking deer 

Young barking deer have prominent spot on their coat and difficult to distinguish fawn from juvenile. Young 
seen with prominent spots were considered to be less than 6 months old. Those having a few or faint spots were 
considered as yearlings. 
 
Wild boar 

Young wild boars have prominent spot in their coat. The yearlings can be easily distinguished from juveniles 
and fawns because they remain in families. The adults are readily distinguished from the size and the black coat 
color. 
 
Rhino 

Three age class were recognized in the field (Laurie 1978). They were: 
 
a) Calf: The ages of below three years of old are calf. The height of rhino calf is below 1.35 m and they are 

with their mother. Horns are less than 8 cm length and looks like protruded muscle. 
 
b) Sub-adult or yearling: They are 3-9 years old and not dependent to mother. The horn length is 8-18 cm. The 

neck folds and bib are more pronounced. They have less height than the adult. 
 
c) Adults: The adults are easily distinguished from their height, ranges from 160-183 cm. Their horns 

measured up to 45 cm. The adult females are usually associated with calf. 
 
Rhesus monkey 

Four age class were categorized in the field (Chalise 2000 and 2001). They were: 
 
a) Infants: They are in the stage that still depends on nipple feeding for their main food. Very young infants 

are always clinging on breast while a little grown up one are frequently clinging to their mothers for 
movement and security and sometime ride on the back. 

 
b) Juveniles: The juveniles are the individuals that are left nipple contact (weaned) and depend on natural 

foods. They play a lot between same age groups. 
 
c) Young and sub-adults: They are those who attained the height of adulthood, however, not matured enough 

in body fitness and reproductive activities. They are grown up and independent. 
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d) Adults: The adults are those who attained the maximum height and body maturity. Adult males were 
distinguished by descended reddish scrotal sacs, prominent sitting pads, large skull, a bit flat head and adult 
females by the presence of dome shaped head, protruded nipple and red sex skin. 

 
Animal were classified as unknown age category when field conditions or the reactions of the animals disguise 
the clear vision of animal. Number of individual wildlife observed everyday added for a month was considered 
the cumulative number. 
 
The status of wild animals was assigned based on following criteria. The wildlife observed in each visit during 
the survey was considered as common species. The wild animal which observed once or twice a week during the 
monitoring was considered as frequent. That wildlife observed once or twice per month during the monitoring 
was assumed as less frequent. 
 
Total complete count method of animal was conducted once by direct visual counting technique (Gopal 1992). 
In total count for every large animal available in the area were performed using elephant ride. To reduce the 
double counting and missing of some animal in count the enumerators were placed in such a way that they are 
able to see the enumerators in their left and right. The enumerator covered the entire forest by walking along the 
fixed bearing from one end (baseline) to another end of the forest and counting all the. In total 18 transects 
traversing the entire forest were prepared for the census. The size of transects was set in such a way that it can 
be covered by 18 enumerators, spaced at least a distance of 100 meters, within an hour. The animals were 
stalked and approached with minimum disturbance, counting and sex was confirmed by with the help of 
binoculars. Three enumerators were waiting in the tree platform as vantage point at the end of forest to count the 
escape animal during census. During counting the enumerators also take note of those animals which are seen to 
their left and right. Details of wildlife regarding approximate age, sex and other evidences were recorded. 
 
RESULTS 
 
Year round daily monitoring of wildlife is conducted from April 2010 to March 2011. The description on 
general information regarding the monitoring schedule and duration and weather condition during the study 
period is given below. 
 
Patrolling for the wildlife monitoring is undertaken for 298 days in a year. Total time spent in the forest for 
monitoring is 895 hours and 26 minutes. 52.5% monitoring is conducted in morning (before 12:00) and 47.5% 
monitoring in afternoon (after 12:00). During the visit no wildlife are observed for 4.7% days. 

 
Monitoring is conducted in different weather conditions. 70% of monitoring is conducted in sunny/clear weather 
condition, 17% in foggy, 11% in cloudy and 2% in rainy weather (Fig. 1).  

 
 

Figure 1 � Weather condition during the observation period 
 
Status and composition of wildlife species 

The mosaics of different vegetation and other landscape in BBZCF provided suitable habitats for different 
wildlife species. During daily observations 30 different species of wildlife are recorded in BBZCF. Among 
reported wildlife 24 species are mammals and 6 species are reptiles. Most of those wildlife are directly observed 
and only one is identified by signs. Among observed wildlife six species are listed as endangered, five species 
are listed as vulnerable and three species are listed as near threatened in IUCN red list of threatened species. 
Similarly, five species of recorded wildlife are listed as nationally protected animals (Tab. 1). 
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Table 1 � Wildlife species recorded in BBZCF and their status 

SN Common name Scientific name Means of observation DNPWC IUCN 

1. Asiatic elephant Elephas maximus Direct observation PR EN 

2. Barking deer  Muntiacus muntjak Direct observation -- -- 

3. Bengal fox Vulpes bengalensis Direct observation -- -- 

4. Bengal tiger  Panthera tigris Signs PR EN 

5. Common leopard  Panthera pardus Direct observation -- NT 

6. Five-stripe palm squirrel Funambulus pennantii Direct observation -- -- 

7. Golden jackal  Canis aureus Direct observation -- -- 

8. Hanuman langur  Semnopithecus entellus Direct observation -- -- 

9. Hog deer  Axis porcinus Direct observation -- EN 

10. House rat  Mus musculus Direct observation -- -- 

11. Indian crested porcupine  Hystrix indica Direct observation -- -- 

12. Indian grey mongoose  Herpestes edwardsii Direct observation -- -- 

13. Indian hare (Rufous-tailed) Lepus nigricollis Direct observation -- -- 

14. Jungle cat  Felis chaus Direct observation -- -- 

15. Large Indian civet  Viverra zibetha Direct observation -- NT 

16. One-horned rhinoceros  Rhinoceros unicornis Direct observation PR VU 

17. Rhesus macaque  Macaca mulatta Direct observation -- -- 

18. Sambar deer  Cervus unicolor Direct observation -- VU 

19. Sloth bear  Ursus ursinus Direct observation -- VU 

20. Small Asian mongoose Herpestes javanicus Direct observation -- -- 

21. Small Indian civet  Viverricula indica Direct observation -- -- 

22. Smooth coated otter  Lutrogale perspicillata Direct observation -- VU 

23. Spotted deer  Axis axis Direct observation -- -- 

24. Wild boar Sus scrofa Direct observation -- -- 

25. Ghariyal crocodile Gavialis gangeticus Direct observation PR EN 

26. Golden monitor Varanus flavescens Direct observation -- -- 

27. Land tortoise Testudo elongata Direct observation -- EN 

28. Marsh mugger Crocodylus palustris Direct observation -- VU 

29. Python Python molurus Direct observation PR NT 

30. Water tortoise Kachuga dhongoka Direct observation -- EN 

Note: PR = Protected; EN = Endangered; VU = Vulnerable; TH = Threatened 
 
The monitoring of the common prey species for large carnivores is conducted in daily basis. The monitored 
species includes Axis axis, Cervus unicolor, Axis porcinus, Muntiacus muntjak, Macaca mulatta, Rhinoceros 
unicornis, and Sus scrofa. Some predators and scavengers encounter during the monitoring are also recorded. In 
one year survey 298 visits are made in the study area. In these visits no wildlife are observed in 14 events. 
During the whole monitoring period a total of 2603 individuals (observe population) of the mentioned wildlife 
incorporated 253 groups and 88 individuals are observed. The highest number of wildlife observed during 
monitoring is spotted deer followed by rhesus monkey. The sighting frequencies are highest during the month of 
December (Tab. 2). 
 
Table 2 � Number of wildlife species with their age and sex, number of group recorded in the area 

Species AM AF SM SF JM JF UN 
Total 

no 
observe 

Freq. 
Average 
number  
observe 

Group 
observe 

Individual 
observe 

Barking deer 22 22 0 0 0 2 0 45 29 1.6 10 21 

Hog deer 11 11 0 0 0 0 0 22 17 1.3 4 13 
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Species AM AF SM SF JM JF UN 
Total 

no 
observe 

Freq. 
Average 
number  
observe 

Group 
observe 

Individual 
observe 

Jackal 1 2 0 0 0 0 0 3 2 1.5 1 1 

Leopard 0 0 0 0 0 0 1 1 1 1.0 0 1 

No observation 0 0 0 0 0 0 0 0 14 0.0 0 0 

Rhesus monkey 246 357 102 151 50 100 62 1068 56 19.1 50 8 

Rhino 12 19 3 2 4 7 2 49 28 1.8 17 13 

Sambar deer 14 44 3 1 0 10 8 80 30 2.7 23 17 

Spotted deer 266 338 35 27 1 93 446 1206 90 13.4 124 9 

Tiger sign 2 0 0 0 0 0 0 1 2 0.5 0 0 

Wild boar 19 30 5 0 2 13 59 128 29 4.4 24 5 

Total 380 512 48 31 7 125 1502 2603 298 8.7 253 88 

 
In a year round study a total of 17 groups and 13 individual rhinoceros are observed. The average number of 
rhino observed in each visit is 1.8 individual. More rhinoceros are observed during August and less number are 
observed during post monsoon season mainly from October to December (Fig. 2). The frequency of observation 
during the study period is 28 (Tab. 2). 
 

 
Figure 2 � Number of monthly observed Rhinos 
 
From the study area 80 individuals of sambar deer are observed. The frequency of sambar observation is 30 
(Tab. 2). The average number of sambar deer observed is 2.7 individuals per visit. They are accumulated in 23 
groups and 17 individuals. The maximum numbers of sambar are observed in February and sambar is absent 
during July and December (Fig. 3). 
 

 
 
Figure 3 � Monthly observed number of Sambar deer 
 
The spotted deer is the more frequently observed species. During the study period 1206 individuals of spotted 
deer are observed. The frequency of spotted deer observation is 90 (Tab. 2). Among them 9 are individual and 
rest are accumulated in 124 groups. The average number of spotted deer observed from the study area is 13.4 
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individuals per visit. Maximum numbers of spotted deer are observed in December (Fig. 4). In this month 261 
individual spotted deer are observed in 12 visits. Similarly, less number of spotted deer is reported from the 
month of September. In this month 14 individuals are observed in 4 visits. 
 

 
Figure 4 � Number of monthly observed Spotted deer 
 
From BBZCF 128 individuals of wild boars are observed. The frequency of wild boar observation is 29 (Tab. 2). 
The average number of wild boar observed in each visit of the study area is 4.4 individuals. The observed 
numbers are accumulated in 24 groups and 5 individuals. The maximum numbers of individual wild boars are 
observed in February (Fig. 5). In this month 23 individual wild boars are observed during 4 visits in the forest. 
 

 
Figure 5 � Monthly observed number of Wild boar 
 
Hog deer is only observed during last three months, viz October, November and December during 2010 from 
BBZCF. The average number of hog deer observed from the study area is 1.3 individuals per visit. A total of 22 
individual hog deer are observed. The frequency of hog deer observation is 17 (Tab. 2). Cumulative maximum 
number of hog deer (observe population) is observed during November (Fig. 6). In this month 10 individual hog 
deer are observed during 9 visits in the study area. 
 

 
Figure 6 � Number of monthly observed Hog deer 
 
Barking deer is the smallest deer observed in the study area. A total of 45 individual barking deer are observed 
in 29 visits during one year study period (Tab. 2). The average number of barking deer observed in each visit is 
1.6 individuals. The observed numbers are accumulated in 10 groups and 21 individuals. The maximum 
numbers (n = 10) of this deer are observed in February (Fig. 7). A total of 10 individual deer are observed 
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during 5 visits in this month. There is no observation of barking deer during May, November and December 
months. 
 

 
Figure 7 � Number of monthly observed Barking deer 
 
Rhesus monkey and hanuman langur are two primate species observed in study area. A total of 1068 individual 
rhesus monkey (observe population) are observed. The frequency of rhesus observation is 56 (Tab. 2). The 
rhesus monkey was more commonly observed wildlife in the study area. The average number of rhesus monkey 
observed from the study area is 19.1 individuals per visit. The maximum number (n = 214) is observed in 
November. There is no observation of rhesus monkey from the study area in February (Fig. 8). 
 

 
Figure 8 � Monthly observed number of Rhesus monkey 
 
Monthly average number observed 

The average number of ungulate observed in each month is 7.6 individuals. The observe numbers are higher (> 
8 individuals) in four months of the year and lower in the rest of months. The average observed numbers are 
lowest during pre-monsoon and post-monsoon months. The low numbers are due to poor visibility. 
 

 
Figure 9 � Monthly average number of wild ungulates observed 
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Total wildlife 

In total count 300 individuals of wildlife (realized population) are recorded from BBZCF. Among the recorded 
wildlife population of spotted deer is highest (n = 182) followed by rhesus monkey (n = 76), and hog deer is the 
lowest number of wildlife recorded, n = 2 (Tab. 3). 
 
Table 3 � Age and sex structure of recorded ungulates and primate during total count 

Wildlife species 
Age / Sex / number 

Total number 
AM AF SM YAF JM JF Infant UN 

Barking deer 8 2 - - - - 1 1 12 

Hog deer 1 1 - - - - - - 2 

Rhesus monkey 11 19 9 18 4 11 - 4 76 
Sambar deer 7 13 - 1 1 - 1 - 23 
Spotted deer 43 63 8 5 7 8 13 35 182 
Wild boar - 1 - - 4 - - - 5 

Note: AM = adult male; AF = adult female; SM = sub-adult male; YAF = young adult female; JM = juvenile 
male; JF = juvenile female; UN = unidentified sex and age 

 

Biomass of ungulates and primates 

Total biomass of main ungulates and primate in BBZCF is 15,966 kg. The total biomass of main ungulate 
species in the study area is 15,396 kg. The average ungulate biomass of the study area is 7,160.9 kg/km2 (Tab. 
4). 

Table 4 � Number of ungulates and primates recorded with their total and average biomass 

Species Number Average weight (kg)* Total weight (kg) Average weight (kg km-2) 

Barking deer 12 20 240 111.63 

Hog deer 2 40 80 37.21 

Sambar deer 23 212 4876 2,267.91 

Spotted deer 182 55 10,010 4,655.81 

Wild boar 5 38 190 88.37 

Rhesus monkey 76 7.5** 570 265.12 

Total 15,966 7,426.05 
Note: *average weight according to Sunquist et. al. 1999, **average weight according to Dr. M. K. Chalise 
pers. comm. 
 

DISCUSSIONS 
 
The large predators of the study area were tigers and leopards. Among the ungulates, the medium-sized chital 
was the most abundant ungulate. More solitary and smaller ungulate hog deer is less frequent and observed 
along the courses of wetland. Smallest, solitary, forest-dwelling barking deer was distributed in forest areas. 
Less common ungulate in the study area was wild boar which was observed in grassland and forest areas. 
Largest forest-dwelling ungulate of the study area was sambar which was frequently observed in the study area. 
 
The wildlife sighting in the study area is influenced from the activities in the surrounding forested areas. In 
December the Chitwan National Park (CNP) opens for seven days to the local residents for grass collection. 
During the grass collection more than 50,000 people entered to CNP per day. These activities will disturb the 
wildlife and they move to the nearby undisturbed areas. December is one of the coolest months in the area. 
During this month wild animal may come to the open space for sun basking. So, the average numbers of 
observed wildlife are more in those months. Forest fire is quite common in the lowland areas in Nepal during 
hot and dry months (March and April). During the forest fire wildlife may escape for the secure sites. This area 
is more secure than the surrounding due to having riverine forest added with the regular patrolling. The escape 
wild animal may refuge in this site during those fire prone months and their observed number may increase 
during that period. June to August are the monsoon months in the area. Almost all the floodplain areas of 
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Chitwan National Park are inundated during these months. During monsoon most of the oxbow lakes and other 
lowland areas are inundated in the water. Wild animal refuge to nearby upland areas during monsoon time. The 
study site is less inundated and wildlife may refuge in this area during monsoon months. Flooding around the 
study area affected the monthly observed wildlife number during the monsoon period. So, the observation 
during monsoon season was higher than pre- and post-monsoon period. 
 
Previous study by Karanth et al. (1999) found that well-protected moist zone forests support much higher 
biomass densities (8,954 kg/km2) of ungulate prey. The biomass of ungulate prey in the study area was 7,160.9 
kg/km2 which is less than 1,793 kg/km2 of the highest density recorded in the earlier study. So, this study 
indicated that there are still rooms for the increment of ungulate biomass in the study area and Baghmara forest 
has not yet reached to the carrying capacity. The ecological densities (animals/km2) of some ungulates like 
spotted deer (84.7 individuals/km2) and sambar (10.7 individual/km2) were higher than the reported Karanth et 
al. (1999). The earlier study at Nagarahole, the ecological density of spotted deer was 66.2 individuals/km2 and 
that of sambar was 4.4 individuals/km2. The main cause of the increase in ecological density should be the less 
frequent visit of large carnivore like tiger in the area.  
 
Although BBZCF is small in area, but harbors different species of wildlife. The mosaics of different habitat 
including grassland, wetland, and forests with diversity of flora made it possible to be good habitat for such 
diverse wildlife. In the plantation areas (26 ha) inside the BBZCF no wildlife were observed during a year round 
study. That may be due to having less understory layer, which provided good hiding places for the wildlife and 
less food items available in the area. Among the observed wildlife 46.6% (n = 14) are listed in IUCN red list of 
threatened species. Among these species 16.7% (n = 5) are listed as nationally protected species by National 
Parks and Wildlife Conservation Act (1973). So, from conservation point of view BBZCF is quite important 
habitat for biodiversity conservation. 
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Abstract: The Carbon assimilation process by chloroplast bearing plants is quite important to 

maintain equilibrium of atmospheric carbon dioxide. To determine the green weight of tree, 

primary data on forest were collected by preparing random quadrates (n = 131) of 400 m2 

area along parallel transects (n = 34) in community forest of lowland Nepal. Tree 

characteristics were collected from each quadrate and carbon dioxide sequestrated by trees 

species per year were determined by using existing allometric equation. Trees of BBZCF 

were sequestrating 3331.7 tons of Carbon and 12.1 metric tons of carbon dioxide. The highest 

amount of Carbon (1206.9 t) and CO2 (4.4 mt) was accumulated by Dalbergia sissoo forest. 

Trees were sequestrating 710 ton of CO2 annually and annual CO2 sequestration was highest 

(220.3 t/year) in Dalbergia sissoo forest. Daily sequestrated CO2 by the trees of BBZCF was 

1.9 ton. The consequences of the carbon sequestration were discussed. 
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Introduction 

 

Being one element in the food items of living organisms, Carbon is a very essential 

component of the life and chloroplast bearing plants have capacity to assimilate carbon 

dioxide with water as the raw materials (Jain 1983). The process is quite important to 

maintain equilibrium of atmospheric oxygen and provides energy reserve as food for living 

being. The organic products can thus are carbon pools. The primary agent of global warming 

is Carbon dioxide which constitutes 72% of the total anthropogenic greenhouse gases. The 

amount of carbon dioxide in the atmosphere has increased from 280 ppm in the pre-industrial 

era (1750) to 379 ppm in 2005, and is increasing by 1.5 ppm/year (Samalca 2007). In a forest 

tree, shrubs, sapling, herbs, grasses, soil, litter, dead wood and fallen stumps are the main 

carbon pools. In the forest, high concentration of carbon is accumulated in trees and soil 

(Acharya et. al 2009). The rate of carbon sequestration depends on the growth characteristics 

of the tree species, the conditions for growth, and the density of the tree's wood. It is greatest 

in the younger stages of tree growth, between 20 to 50 years (Myers and Goreau 1991). 

Baghmara forest is the buffer zone of Chitwan National Park in Nepal and being conserved 

by community since more than twenty years. We have attempted to evaluate the amount of 

carbon sequestrated by different forest types in community conserved forest area in Nepal. 

Carbon dioxide is one of green house gas responsible for global warming forests play a key 

role in climate change as both sinks and sources of carbon dioxide. Moreover, forests are 

thought to provide a more cost-effective means of reducing global carbon dioxide emissions 

than other sectors. The study aimed to analyze the annual carbon dioxide sequestration by the 

forest, which will be good basis to the incentive provisioned for Reducing Emissions from 

Deforestation and Forest Degradation (REDD) mechanism. 
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Baghmara Buffer Zone Community Forest (BBZCF) is located in Bachhauli Village 

Development Committee at eastern sector Buffer Zone area of Chitwan National Park, Nepal. 

It is situated in between 27o34.78�-27o35.53� northern latitude and 84o28.43�-84o29.40� 

eastern longitude in subtropical region of central lowland Nepal at an elevation of 170 to 250 

meter above sea level. This forest borders cultivated land to east, Budhi Rapti river to west 

and north and Bodreni village and Rapti river to south. Baghmara forest is divided into five 

vegetation type based on composition and predominant plant species namely (a) Acacia 

catechu forest, (b) Albizia lucidior forest, (c) Savanna grassland, (d) Dalbergia sissoo forest 

and (e) Trewia nudiflora forest. The climate is sub-tropical with monsoon having relatively 

high humidity. Annual average rainfall (2000 � 2010) of the area is 2212.3 mm. Average 

maximum and minimum temperature of the area is 30.90 C and 18.20 C. The area included 

three main climatic seasons namely, pre-monsoon, monsoon, post-monsoon. This area 

consists of riverine areas with five types of forests. The forest provided excellent habitats for 

different wildlife including endangered Rhinoceros unicornis (Sharma et. al. 2011, 2012). 

 

Materials and methods 

 

Steps utilized to calculate the Carbon dioxide sequestrated by the tree species per year were 

based on green and dry weight of the tree, weight of carbon in the tree and the weight of CO2 

sequestered in the tree. To determine the green weight of tree primary data on forest were 

collected by preparing quadrates (n = 131) in parallel transects (n = 34) traversing east to 

west through all habitat types of BBZCF. Quadrates with the area of 400 m2 (20m x 20m) 

were laid randomly along each transects at each 150 m intervals. Data on tree level 

characteristics like scientific name, local name, diameter at breast height (DBH) and total 
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height were collected from each quadrate. Diameter tape was used to measure DBH and 

clinometers and measuring tape were used to take tree height. 

 

The dry weights of a specific tree (above ground tree biomass) were estimated from by 

multiplying its wood specific gravity, height and DBH (after Chave et al. 2005, cited in 

Subedi et al. 2010). 

 

AGTB = 0.0509 ρ D2 H 

 

Where, AGTB  is aboveground tree biomass in kg, ρ  is wood specific gravity in g cm-3, D is 

tree diameter at breast height in cm and H is tree height in m. Wood specific gravity of the 

tree was obtained from density table of HMGN (1989) (Table 1). The biomass stock density 

(kg/m2) was calculated by summing up of individual weights (kg) of a sampling area and 

dividing it by total sampled area. The value was converted to ton/ha after multiplying by 10. 

The biomass stock densities were converted to carbon stock densities by using the IPCC 

(2006) carbon fraction of 0.47. Root-to-shoot ratio value of 1:5 (20% of above ground tree 

biomass) was used to find below ground biomass (MacDicken 1997 � cited in Subedi et al. 

2010). Total carbon stock density of tree in particular vegetation was calculated by summing 

up above ground and below ground tree carbon stock density. The ratio of the atomic weight 

of Carbon and that of Oxygen in CO2 is 3.67. So, the total carbon stock was converted to tons 

of CO2 equivalent by multiplying it by 3.67. Carbon dioxide sequestration by the tree or 

forest per year was determined by dividing the weight of carbon dioxide sequestrated in the 

tree or forest by their age.  
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Results 

 

Total numbers of surveyed quadrates in the study area were 131 which represented 2.4% of 

total area covered by BBZCF (215 ha). Details of quadrates and area covered by the different 

vegetation type is given in table 2. Among the available carbon pools this study analyzed the 

carbon stock of tree, both in above ground and below ground. Due to regular silvicultural 

management dead wood and stumps were not observed inside the study area. The amount of 

carbon sequestrated by the tree in different vegetations of BBZCF was differing to each 

other. 

 

Based on the origin, the study area incorporated plantation and natural regeneration sites. The 

two types of forest available in the plantation site of the study area were Acacia catechu 

forest and Dalbergia sissoo forest (Sharma and Chalise 2012, Sharma et. al. 2012). Other 

type of vegetation are in natural regeneration site. Plantation was completed during 1989 and 

1990 (Sharma and Chalise 2012). The Acacia catechu forest incorporated 6 species of tree 

with 116 tree stems/ha. This forest incorporated trees with the average height of 14.5 m and 

average DBH of 72 cm. Total carbon stock density of tree species in this forest was 238 t/ha. 

The average carbon stock density of each tree species was 39.7 t/ha. The higher carbon was 

sequestrated by Acacia catechu (74 t/ha) and Albizia julibrissin (72.9 t/ha). Carbon dioxide 

sequestrated in this forest was 1.2 metric ton (mt). Tree species of this forest were 

sequestrating an average of 58.3 tons of CO2/year. The average height of tree in Dalbergia 

sissoo forest was found 15 m with an average of 55.1 cm DBH. This forest included 203 

individual trees per hector and average carbon stock density of the tree species in this forest 

was 31.4 t/ha. Total carbon stock density of the tree in Dalbergia sissoo forest was 1200.9 

ton. In this forest Dalbergia sissoo was the more carbon sequestrating (262.5 t/ha) species 
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followed by Acacia catechu (6.2 t/ha). Average carbon dioxide sequestrated by the tree 

species of this forest was 4.4 mt. Annual carbon dioxide sequestered by the tree species of 

this forest was 220.3 ton per year. 

 

Three forest types, Albizia julibrissin, Trewia nudiflora and Savanna grassland were recorded 

from the natural regeneration areas (Sharma and Chalise 2012, Sharma et. al. 2012). In 

Albizia julibrissin forest average tree height was 16 m with an average of 22.5 cm DBH and 

422 trees per hector. Average carbon stock density of each species of tree in this forest was 

11.3 t/ha. This forest sequestrated 683.7 ton carbon and Bombax ceiba was more (80.1 t/ha) 

carbon sequestering tree followed by Albizia julibrissin (43.8 t/ha) and Trewia nudiflora 

(17.7 t/ha). The carbon dioxide sequestration by this forest was 2.5 mt. The annual carbon 

dioxide sequestration by the tree species of this forest was 179.2 t/year. Average height of 

tree in Trewia nudiflora forest was 15 m with an average DBH of 24.5 cm. There were 363 

individual trees per hector of this forest. Carbon stock density in the tree of this forest was 9.2 

ton/ha. Total carbon stock density of the tree species in this forest was 586 ton. In this forest 

Bombax ceiba was more carbon sequestrating tree species (91.8 t/ha) followed by Trewia 

nudiflora (27.2 t/ha). Total carbon dioxide sequestrated by the tree species of this forest was 

2.1 mt. Similarly, annual carbon dioxide sequestrated by the tree species of this forest was 

153.6 ton per year. Savanna vegetation consists of scattered trees with their average height of 

16.5 m and 82.5 cm DBH. The area included quite scattered (57/ha) trees with less number of 

species (n = 2). The average carbon stock density of the tree species in this vegetation was 

45.9 t/ha. This vegetation sequestrated 537.3 ton of carbon and Bombax ceiba was more 

carbon sequestrating (113.8 t/ha) species followed by Dalbergia sissoo (23.7 t/ha). Total 

carbon dioxide sequestrated by the trees of this forest was 1.9 mt. Annual carbon dioxide 

sequestrated by the tree species in this vegetation was 98.6 t/year. 
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Trees of BBZCF were sequestrating 3331.7 tons of Carbon and 12.1 metric ton of carbon 

dioxide. The highest amount of Carbon (1206.9 t) and CO2 (4.4 mt) was accumulated by 

Dalbergia sissoo forest followed by Albizia julibrissin (C = 683.7 t, CO2 = 2.5 mt) forest, 

Trewia nudiflora forest (C = 586 t, CO2 = 2.1), savanna grassland (C = 537.3 t, CO2 = 1.9 mt) 

and Acacia catechu forest (C = 317.8 t, CO2 = 1.2 mt). Trees of BBZCF were sequestrating 

710 ton of CO2 annually and annual CO2 sequestration was highest (220.3 t/year) in 

Dalbergia sissoo forest followed by Albizia julibrissin forest (179.2 t/year), Trewia nudiflora 

forest (153.6 t/year), Savanna grassland (98.6 t/year) and Acacia catechu forest (58.3 t/year) 

in Acacia catechu forest (Table 3). Daily sequestrated CO2 by the trees of BBZCF was 1.9 

ton. 

 

Discussions 

 

Forest trees are one of main terrestrial carbon sink. The carbon assimilation capacity is 

different with different species. The amount of carbon sink was higher in some old trees like 

Bombax ceiba (Sharma and Chalise 2012) and with the tree having high biomass like Acacia 

catechu. These results correspond with the finding described by Myneni et. al. (2001) that 

forest is one of the major terrestrial carbon sink. The amount of the carbon sink is different 

according to the species and age of the tree. The sequestrated carbon in the forest varied 

according to the types of forest, their age structure and number of trees per hector. The 

species composition of the forest type and disturbances also differ the average amount of 

assimilated carbon in the particular forest type. The more mature forest of the study area was 

the Savana type grassland. The mature and taller Bombax ceiba trees were the main carbon 

sink in this vegetation. Carbon storage in the middle aged forests like Albizia julibrissin, 
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Dalbergia sissoo, and Trewia nudiflora (Sharma and Chalise 2012) were the biggest than the 

mature forests. This finding corresponds with the findings of other study that the carbon stock 

was always increased in the forest areas without any disturbances (Hu 2005, Yang et. al. 

2005, Liu and Li 2007, Zhou et. al. 2007, Duan et. al. 2007, Fan et. al. 2008, Ravindranath et. 

al. 2008, Zhang et. al. 2009, Yamashita et. al. 2012, Devagiri et al. 2013). 

 

The forest of BBZCF was riverine type with tropical climatic condition. The productivity of 

the green biomass was highest (Mishra 1982) in these areas. This also increased the carbon 

sequestration rates of the forest areas. The BBZCF was located riverine site in inner-Terai 

physiographic region which is one of the more productive forests and carbon sequestration 

rate in this forest was also highest. This finding resembles with the other researchers 

conducted in the similar environment in different parts of Nepal (Baral et. al. 2009, Khanal 

et. al. 2010, Poudel et. al. 2011). The annual precipitation of the study area is highest during 

the monsoon period. So, the area remains dry in one season. Thus the forest of the study area 

is seasonally dry tropical forest (SDTFs) as considered by previous studies (Becknell et. al. 

2012). The findings about the biomass estimation (double of the carbon stock density) of the 

current study resembled with the similar studies conducted in the different areas of the world. 

In those studies the average aboveground biomass in mature SDTF ranged from 39 to 334 ton 

ha-1 and single climatic variable, mean annual precipitation, explained over 50% of the 

variation in aboveground biomass. The naturally regeneration areas of BBZCF incorporated 

the highest carbon assimilation capacity than the other areas. The previous studies conducted 

in the different areas of SDTFs considered the similar findings regarding the biomass and 

their carbon assimilation capacity (Becknell et. al. 2012). 
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Carbon stock measurement of any areas is a key factor to understand the relationship between 

changes in land use and carbon dioxide emissions. The dry wooded land with less 

precipitation results the savanna woodland in the Africa. A study conducted in the different 

savannas system of miombo woodland in Mozambique resulted the 21.2 tC/ha in tree (Ryan 

et. al. 2010). Conversion of forest land to the agriculture land is common practice in 

Seasonally Dry Tropical Forests (SDTFs) (Becknell et. al. 2012). The conservation of such 

agriculture land to form the forest initially result the savanna type of grassland. The BBZCF 

incorporated the grassland with scattered trees after conservation of agriculture land as forest. 

The transformation process and the environment of savanna type grassland in the current 

study area are different than those found in Africa. The rate of annual precipitation has direct 

affect for the carbon stock in the forest ecosystem (Becknell et. al. 2012). The annual 

precipitation is much higher in the current study area which finalized the higher density of 

carbon stock than the savanna woodlot of Africa. Plantation of the tree species differs 

according to the climatic condition of the planted sites. The growth rate and density of the 

planted trees also depend upon the species and the available nutrient in the soil (Lal 2005, 

Norgrove and Hauser 2013). Thus, the different factors may affect per hector above ground 

biomass production in the planted forest. Study in the 25-year-old plantation of Eucalyptus 

camaldulensis in the semi-arid region of Northeastern Nigeria showed per hector 

aboveground biomass content was 256,245.08 kg which was quite high than the current study 

(Akindele et. al. 2010). The differences in the biomass production are due to the species of 

planted tree, availability of sapling and the soil nutrient (Francis 2000, Lal 2005). 
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Table 1. Wood specific gravity values used in the present study. 

SN Tree species Local name Density, kg/m3 

1 Acacia catechu Khair 960 

2 Acer sp. Phirphire 640 

3 Adina cordifolia Haldu 670 

4 Albizia sp. Padke Sirish 673 

5 Alnus nepalensis Utis 390 

6 Anogeissus latifolia Banjhi 900 

7 Bombax malabaricum Simal 368 

8 Toona ciliata Tooni 480 

9 Dalbergia sissoo Sissoo 780 

10 Eugenia jambolana Thulo Jamun 770 

11 Lagerstroemia parviflora Botdhairo 850 

12 Litsea sp. Bilaune 610 

13 Syzygium sp. Jamun 770 

14 Terminalia tomentosa Asna 950 

15 Trewia nudiflora Vellor 452 
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Table 2. Number of quadrates studied and area covered by these plots in different vegetations 

Vegetation types 
Area covered by 

vegetation (ha) 

Area covered by 

plot (ha) 

Area covered 

by plots (%) 

Acacia catechu forest 8.0 0.3 4.0 

Albizia lucidior forest 60.5 1.4 2.3 

Savanna grassland 11.7 0.2 1.4 

Dalbergia sissoo forest 38.2 1.6 4.2 

Trewia nudiflora forest 63.6 1.8 2.8 

 

 

 

 
Table 3. Amount of carbon and CO2 sequestered by different forests of BBZCF, Nepal 

Forest type Number of  species 
Amount of sequestrated Carbon 

C (t/ha) Total CO2 (mt) Annual CO2 (t/yr) 

Acacia catechu 6 238.0 1.2 349.9 

Albizia julibrissin 13 146.9 2.5 179.2 

Dalbergia sissoo 9 282.9 4.4 220.3 

Savanna grassland 2 137.8 1.9 98.6 

Trewia nudiflora 16 147.4 2.1 153.6 
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