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Population growth and deforestation are serious problems in Chitwan and throughout

Nepal. In this paper we explore the effect of social and demographic driving forces on

flora diversity in Nepal. Specifically, we focus our attention on the flora diversity in three

forested areas surrounding a recently deforested, settled and cultivated rural area - the

Chitwan District. We have collected detailed counts of trees, shrubs, and grasses along the

edge and in the interior of each forested area, and for common land throughout the settled

area. Our sampling frame (described in the paper) allows us to construct detailed

ordination and classification measures of forest floral diversity. Using techniques from

quantitative ecology we can quantify species diversity (relative density, frequency and

abundancy), and specifically measure the 'evenness' and 'richness' of the flora in the

forested areas and common land. Moreover, the flora sampling frame (i.e. the location of

the flora plots) and the attribute data collected for each flora plot has been entered into a

geographic information systems (GIS) which in turn includes demographic and economic

information collected from 171 neighborhoods as part of the Chitwan Valley Family Study

(CVFS).

A specific goal of human dimensions of environmental change research is to

improve our understanding of how context affects and is affected by behavior. By building

models that utilize spatially referenced data we can begin to address a range of problems

and theories relating to population and non-population drivers behind deforestation,

agricultural intensification and land use land cover change than otherwise. Specifically, by

linking data sets using a common spatial reference (e.g. latitude and longitude coordinates)

flora and common land plots can be set in the broader context of prevailing environmental

factors (land use, land cover, soil type, terrain, drainage) as well as the social, economic,

agricultural and demographic characteristics of the adjacent neighborhoods in Chitwan.

Moreover, data once collected and encoded within a GIS allows for the creation of

additional variables that measure a variety of relative geographical locations (i.e., distance,

proximity, adjacency and contiguity). For example, the location of forested areas relative

to common lands, neighborhoods, surfaced roads or regional towns).

The livelihoods of many residents of Chitwan are dependent on access and

utilization of forest resources. Within Chitwan human population growth (and
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accompanying livestock population growth) has seemingly led to a marked decrease in the

amount of forest and common land available for use by farmers. Similarly, recent years

have seen restrictions placed on access to the forest resources contained within the

boundaries of the Royal Chitwan National Park (RCNP) — one of the three forest areas

we have studied, located to the south of the settled area of Chitwan District. Population

growth and restricted access to the RCNP has resulted in increased pressure on the

remaining forests and common lands in Chitwan. To capture information on such

environmental pressures we collected data from the Barandabar Forest (bordering our

study site to the east),'the remaining forested areas along the banks of the Narayani River

(bordering to the north-west), and on common lands within the District referred to use by

residents participating in the Chitwan Valley Family Study (CVFS) project. Using our data

we can document both the species diversity and measure some of the anthropogenic

impacts on trees, shrubs and grasses found in the forest ecosystems and on common land

within Chitwan.

Our study is unique, in that unlike other studies in this area of Nepal we focus on

measuring species diversity not just in the RCNP but also in other forested areas in

Chitwan. Furthermore, the project is longitudinal in design and we will be returning to the

same flora plots at future dates to collect new data. In time, this will allow us to record the

rate of change in common land use and land cover in Chitwan and the forest ecosystems

surrounding the populated areas.

For this paper, we use data from a study sample of 128 forest and grassland plots

taken from forested areas in Chitwan, including inside the adjoining protected areas of the

RCNP. We parallel this by examining the ground cover and flora diversity measures from

145 study plots from common lands in different settlements in Chitwan. We compare

diversity measures collected for both forest and common land with population densities

and proximity to the main urban area in the district (Narayangarh).

In the Barandabar Forest and other forested sites, we hypothesize that tree, shrub

and grass diversities are directly influenced by proximity to villages and ease of access to

different sections of the forested areas. That is, evidence of human impact and use of the

forest is highest on the edge of the forest and decreases with distance into the interior of
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the forest. This simple pattern is by no means uniform, as certain areas of the forest are

more accessible than others (along well-worn paths, canals, and roads that penetrate the

forests). Also with respect to forest use, we hypothesize that edge flora plots also tend to

be exploited in different ways by the people compared to the interior plots. Specifically,

edge plots are harvested mainly for domestic purposes fodder, fuel and vegetables whereas

the interior plots are harvested for medicinal purposes, materials for construction, as well

as, for fuel. In addition, we hypothesize is that, ground cover and species diversity on

common lands will be higher in sparsely populated areas and for plots furthest away from

the market center.

Overall, our data support the notion that the growth in human and livestock

population have had considerable impact on the forest environments and common lands in

the Chitwan region of Nepal. This area of Nepal continues to witness rapid population

growth (in-migration and natural increase). Extrapolating from our data, and the processes

they hint at, we speculate that reduced flora diversity along the edges of the remaining

forested areas and surviving common lands seems inevitable.
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1. General Introduction

The study of population-environment interactions in Nepal is important because

population growth, migration and other demographic changes have been closely linked to

changes in land use and environmental quality in many regions of the country and because

there is a call for case studies which document the nature and social drivers of land use

change as a cause of global climate change and loss of biodiversity (Turner et al. 1993).

Integrated studies are needed in regions where reasonable data exist, in order to resolve

some of the contentious debates about the role of population, compared to other factors

such as technology and economy, in changing environment resource use. Indeed, research

is needed to develop and test new methods for multiscale georeferenced environmental

and demographic analysis; and to respond to the critical need to evaluate the

environmental impacts of migration and population growth.

The conversion of natural vegetation to pasture, cropland or urban settlements is

an important cause of global and regional change in climate, biodiversity, soil fertility and

hydrology (Meyer and Turner, 1992). Changes in land use and land cover are driven by a

variety of social forces including population growth, economic development, technology,

political institutions and culture (Meyer and Turner, 1994). Analyzing how these forces

interact to transform the environment in specific regions is critical to understanding and

managing the human dimensions of environmental change. The recent spate of

publications on population and environment links (Arizpe et al 1994, Torrey and Jolly

1993, Ness et al. 1993) underlines its growing importance. Still, the role of population

growth in environmental change is highly contentious (Stern et al. 1992). Although many

researchers have argued that population growth is highly correlated with deforestation,

agricultural expansion and environmental degradation (e.g. Allen and Barnes 1985; Rudel

1989), others have argued that population increases can result in agricultural

intensification and more careful management of the environment (Boserup 1965,

Mortimore 1993). Researchers such as Blaikie and Brookfield (1987), Bilsborrow and

Okoth-Ogendo (1992), Skole (1994), and Meyer and Turner (1992) have suggested that

population changes act in combination with factors such as consumption, technological

innovation, land distribution, government policies and commodity prices to transform the
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use of land in different regions. A related debate focuses the environmental roots and

impacts of migrant movements. Some researchers claim that environmental degradation is

a significant cause of migration flows and that these migrants cause land use change and

pollution in the receiving communities. Others suggest that most migration is in response

to economic or political conditions, that mobility is an adaptive response to a varying

environment, and that migrants have small or positive impacts on the regions to which

they move (McGregor 1994).

US and international research programs have identified analyses of land use change

and population-environment interactions as high priorities in studying the human

dimensions of environmental change (Stern et al. 1992; Turner et al 1993; National

Research Council 1994). Specifically, emphasis has been placed on the refinement of

cross-cutting research methods such as the development of georeferenced datasets and

testing of theories about the relative roles of population, consumption and technology in

driving land use change. Our project in Chitwan, Nepal is set within this broad research

context.

2. The Chitwan District

The setting for this study is the western section of the Chitwan District located within the

Tarai region of Nepal (see Figure 1). Until 1950 Chitwan was covered by virgin forests,

home to many exotic and dangerous fauna (most notably the Bengal Tiger, one-horned

rhinoceros, and a variety of poisonous snakes) and infested with malaria carrying

mosquitos. In the mid-1950s the Nepalese government, with support from the United

States, began to clear the forests in Chitwan, eradicate malaria, and allocate the newly

cleared land to the thousands of migrants brought in from the mountain districts of the

Himalayas (part of a planned regional distribution of the population). Chitwan remained an

isolated "frontier" region through the 1970s. The first all weather road linking

Narayanghat (Chitwan's largest town) to the eastern section of Nepal's East-West

highway was completed in 1979. In recent years, other roads connecting Chitwan to

Kathmandu and to the western regions of Nepal have made Narayanghat one of the most

important transportation hubs in the country. Almost overnight, Narayanghat became a
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center for new investment, business, and jobs, and accompanying these changes the

government invested in agricultural schemes: irrigation, mechanization, improved seeds,

pesticides, fertilizer, and related new production methods (Pokharel and Shivakoti, 1986;

Shivakoti and Pokharel, 1989). Together these social and economic forces dramatically

altered Chitwan, not least through rapid population growth (through steady in-migration).

How these social and economic driving forces have changed land use and the forest

ecosystems is the subject of the remainder of this paper.

3. Dependency on Forest Resources in Chitwan

In 1973 the RCNP became the first national park established in Nepal. Along with this

designation came a whole series of restrictions placed on local residents and access to the

forest. The residents of villages bordering the CVNP are almost entirely dependent on

successful field-cropping for their livelihood, and rely on the forest for many of their

necessities such as thatch, timber, firewood, fodder, and supplemental grazing by their

livestock (Nepal and Webber, 1993, 1994; Sharma, 1990; Sharma and Shaw, 1993). The

forest ecosystems in Chitwan are dominated by large tree species (particularly, Sal, which

is without argument the most valuable and exploited tree in the region) and also include a

rich variety of shrubs, grasses and herbs. The tress, shrubs and grasses provide the local

residents with timber, medicine, food, fuel-wood, paper, as well as many other uses.

Over the quarter of a century since the founding of the RCNP, local residents have

continued to violate access regulations (Mishra, 1982). Sharma and Shaw (1993) identify

three major areas of conflict between the RCNP and the local people: shortage of grazing

lands and fodder for livestock; deficiency of fuel wood in the villages; and, crop/livestock

depredation by the wildlife (that is, tigers, one-horned rhinoceros) from the RCNP.

Chitwan is a predominantly agricultural area and livestock keeping remains

fundamental to the subsistence of local residents. Sharma and Shaw (1993) report that on

average most households own 5-6 animals, with over 67% of their sample owning cattle,

and approximately 50% owning buffalo, goats and sheep. Many animals are stall-fed (i.e.,

the animals are confined to stalls for much of the year). Stall-fed animals are provided with

fodder harvested from forests, plantations, the farmer's own land, and the RCNP, as well
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as receiving supplemental diet from household waste and grains. According to the

Ministry of Forest and Soil Conservation report in 1988, as much as 42% of fodder came

from public forests (HMGN, 1988). The animals not stall fed graze in forested areas, on

common lands, fallow fields, flood plains and even in the RCNP. A study in 1976 by

Seidensticker on livestock grazing in Chitwan found that a village at the border of the

RCNP supported more livestock than a village further from the forested areas. Sharma

and Shaw (1993, p. 141) infer that this demonstrates that 'owning livestock in areas where

forests are freely available for grazing is a more productive use of human labor.' Fox

(1983) noted that additional economic advantages arising from household divisions of

labor were possible with grazing. Fox observed that grazing is typically supervised by

children and the elderly, whereas fodder cutting and collection requires strong adults.

There are other forested areas outside of the RCNP, most notably the Barandabar

Forest. However, the overpopulation of cattle and continual grazing, timber and fuel wood

extraction (see Figures 2 and 3) puts substantial pressure on the forests outside the RCNP

and have already extensively diminished the ecological value of such forested areas.

According to Nepal and Weber (1994) the Barandabar Forest suffered massive destruction

during the 1980s and through continued misuse changed the vegetation patterns, "while

day after day the distance to the sites of firewood collection is increasing" (p. 335). And as

Sharma (1990) concluded, the problem is that as livestock population builds up near the

edge of the forest, excessive grazing prevents natural regeneration, and the long term

result is loss of forested lands.

Forest and grassland resources are also used in construction. Since 1978 Chitwan

residents have been allowed to enter the RCNP for two weeks a year (January 1-15th) to

collect grasses for construction. As many as 100,000 people enter the park each year to

collect elephant grass (used in the construction of walls and in handicrafts), now only

available in the RCNP. Mishra (1982) reported that almost 70,000 tons of grass is

harvested annually. Firewood needs are met illegally by taking firewood during the grass

harvest period when the RCNP is opened up and during other times of the year when it is

not (Lehmkuhl et al., 1986). According to HMGN (1988) as much as 74% of firewood

demand is met from public lands.
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4. The Study Design

Flora data have been collected from two main ecosystems: the forested areas surrounding

Chitwan and the common land within the District.

Forest Flora Plots

The sampling scheme for the forested area in shown in Figure 4, which shows the three

main areas designated for the forest flora count. Forest block A is the Barandabar Forest

(sometimes also referred to as the Tikauli Jungle) which forms the eastern boundary of the

CVFS. Forest A is bordered to the north by the East-West Highway and to the south by

the Rapti River (which separates it from the RCNP). Forest area B is the Royal Chitwan

National Park, which forms the southern border of the CVFS. Forest area B extends from

Jarneli Post in the east to the confluence of the Narayani and Rapti Rivers to the west.

Forest block C is a series of small riverine forests along the Narayani River to the north-

west of the CVFS.

In total we collected flora data on trees, shrubs, and grasses from 128 plots. Each

flora plot was defined as a 10x10 meter plot. This plot formed the base from which the

tree specific information was recorded. Specifically, the number of adult trees per flora site

were counted and tree height and diameter at breast height (DBH) were recorded: an adult

tree was classified as having a DBH of 10cm or more. Information on shrubs and seedlings

was collected from a 3x3 meter plot, which was centered within the 10x10 meter plot.

Each sapling, shrub and herbaceous climber species in the plot was counted, with saplings

being defined as having stem diameters between 2.5cm - 10cm. Finally, information on

grass species was collected for five separate lxl meter plots which were arranged in a W-

shape within the 10x10 meter plot. Specifically, four lxl meter plots were centered

approximately 2 meters diagonally in from each corner of the 10x10 plot, and the fifth lxl

meter plot was located in the center of the larger plot (see Figure 5).

The spatial distribution of the flora plots is mapped in Figure 4. Here we provide a

brief description of the study design for each forested area.

The Chitwan and Forest A border runs for approximately 13 kilometers north-

south between the East-West highway and the Rapti River. For the sampling frame in



Forest A we selected twelve transects (rows) each a kilometer apart and following a

bearing of 140 degrees (i.e. paralleling the East-West Highway) for a distance of 1.25

kilometers into the forest. Each transect included five research plots spaced at intervals of

250 meters. Thus, the first plot along each transect was located 250 meters in from the

edge of the forest, the second at 500 meters, and so on, until the fifth plot was located

1250 meters in to the forest. The twelfth transect has just three plots. And, we selected at

random four additional flora plots deeper within the Baradabar Forest. In total we

collected data from 62 flora plots in Forest A (see Figure 4, 4a and Table 1).

In Forest B there are a total of 44 flora plots: 34 were drawn from within the

RCNP, and ten plots were selected from four grassland areas lying between the RCNP and

the Rapti River (for part of Forest B see Figure 4b). The sampling design used in Forest B

includes seventeen transects each with two research plots. The first plot is located 250

meters into the forest, while the second is located one kilometer due south of the first (i.e.

1.25 kilometers into the forest).

To the north of Chitwan, along the left bank of the Narayani River there are

patches of riverine forest (including Nagar ban, Jhanjhane ko ban, Majuwa ko ban, and

small forests on braided sections of the Narayani). Collectively, these different patches of

forest form Forest area C from where 22 research plots were identified. Due to the

comparatively small size and irregular shape of these forests research plots were not

identified according to a standardized schema. Instead plots were proportionately

allocated (based on area) to the separate forest patches (Nagar ban = 4, Jhanjhane ko ban

= 5, Majuwa ko ban = 7, and 6 from the small forests). Flora plots within each forest

patch were laid out along a zig-zag line. This design was selected so that would provide

data from the edge and the interior of each forest.

Table 1: Allocation of Flora Plots in the Forest Areas



Common Land Plots

This research project builds upon ongoing research into the changing social context and

family formation (Chitwan Valley Family Study - CVFS) coordinated by Dr. W.G. Axinn

(The Pennsylvania State University). The CVFS utilizes a combination of ethnographic

and survey methods to gather neighborhood histories from 171 neighborhoods within the

Western Chitwan (see Barber et al, 1997). For each neighborhood land use maps were

constructed. During the process of mapping the neighborhoods, residents were

interviewed about land and water use. Specifically, the mapping team's "field notebook"

contained questions to identify common land parcels used by neighborhood residents for

grazing, cutting grass and fuel/firewood collection (whether within or outside of the

neighborhood), the sources of drinking water, as well as some limited information about

forest use. These interviews led to the creation of a list of 145 common land parcels within

Chitwan, that were used by residents of the CVFS.

The flora plots on these common land parcels are exclusively concerned with

grasses. The basic 10x10 plot was centered (and oriented along a north-south axis) within

the common land parcel. Three 1x1 meter plots were identified along the axis running

between the south-west and north-east corners of the 10x10 meter plot. Two plots were

located in these corners and the third was in the geometric center of the 10x10 meter plot.

Flora Plots in the Forest and on Common Land

At each flora plot site all species (tree, shrub or grass) were identified and counted. If a

species could not be identified by the flora teams a sample was carefully removed and

tagged, to be later identified. Through the collection of the detailed species counts for all

the sites we are able to construct a whole series of measures of ecological diversity.

Appendix A lists seven measures (and the method for their calculation) that we have used,

and Table 2 provides a brief summary of these measures for the trees, shrubs and grassas

found in the 62 plots within Forest A.

Species diversity is a dual concept that includes the number of species in the

community and the evenness with which the individuals are divided among the species.
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Heterogeneity measures confound species richness and evenness in a single index of

diversity. Two commonly used indexes include the Shannon-Wiener index, which places

most weight on the rare species in the sample, and the Simpson's Index, which places

most weight on the common species. (We are developing summaries for these

measures).

In addition to the detailed identification, listing and counting of each tree, shrub

and grass species at each forest and/or common land flora plot we collected data on the

characteristics of the plot itself. The additional data includes (where applicable) : a)

descriptions regarding the location of the plot; b) the depth of the humus; c) color and

texture of the soil; d) evidence of soil erosion; e) evidence of livestock/wild animal use of

the forest; f) evidence of insect damage to the forest or other damage (tree falls, storm

damage, fire damage, etc.); g) whether the plot is subject to specific forest management

practices (controlled harvesting); h) characteristics of the slope at the plot site; and i)

percentage tree 'crown' cover at the plot site.

5. Compilation and analysis of a land use and demographic data base within a GIS

Computer systems for the integrated handling of geographical or spatial data are called

geographic information systems (GIS) (Burrough 1986; Maguire et al. 1991; Martin 1991;

Star and Estes 1990). The integrative and applied nature of GIS technology makes them

very attractive to many environmental scientists as it offers an important means of

understanding and dealing with some of the most pressing problems of our time, be they

local or global concerns (Haines-Young et al. 1993, Raper 1993).

Recent developments in database management strategies, computer hardware and

software, and spatial modeling have provided the research community with a unique

opportunity for studying questions relating to a whole series of patterns and processes

within the social and natural sciences. Researchers are now in a position where they can

better match relevant data to important contemporary problems, such as those to be

addressed in this paper on the reciprocal relations between population and flora species

diversity within forested and on common land. (This section will be developed)
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6. Results

We are currently calculating plot specific species diversity measures, as well as other

disaggregations of the flora and common land data. We are also beginning the process of

directly linking demographic data with a selection of environmental measures. We will

complete our analysis within a few months (November/December 1997).

Preliminary analysis of the common land data suggests that between 1980-1985 a

great deal of common land converted other uses. Indeed, 'sukumbasi' or squatters began

settling on much of the available common land, particularly in Strata 2 and 3 bordering the

RCNP, though some parcels of land were also converted to plantations, and used for the

locations of new schools built since 1980 (see Table 3).

7. Conclusions
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