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FOREWORD

It is my pleasure to express a few words on this valuable document the "Compendia of
Graduate Theses in Forestry and Allied Subjects: Doctoral and Master's Degrees related to
Nepal", prepared by Dr. Tej B.S. Mahat, the Visiting Scholar, IOF/ITTO Project, IOF; Dr.
Swoyambhu M. Amatya, Director, Forest Survey Division, Forest Research and Survey Center
(FORESC), HMG/N and Mr. Prakash Sayami, Forest Officer, Forest Research and Survey Center
(FORESC), HMG/N, all of whom worked very hard to bring this material in front ofus. On
behalf of the IOF/ITTO Project I thank them and all others who were instrumental in bringing all
the scattered materials together so that they become available and useful to those willing to do
research and augment knowledge in these areas

This work consists of abstracts of theses and summaries of research problems, methodologies,
findings, suggestions for further research and recommendations for future action. It consists of
works of many prominent researchers who carried out their works for the completion of their
degree programs, mainly Master of Science and Doctor of Philosophy. It also includes works of
more than 165 Nepalese and foreign researchers, concentrating on forestry and environmennt
sectors in Nepal or areas related to Nepal. Existence of such works is less known and/or unknown
and if known the works are unavailable to the professionals. This affirms the importance of this
work

This work includes compendia of research works related to the biodiversity conservation,
forestry, watershed management, soil conservation, wildlife and other aspects of our
environment. The compendia cover from natural to plantation forests and their biodiversity along
the altitude variation that is from Terai to high hills along the Himalayas. Moreover, there are
dissertations that deal with various management systems, like Park and People linkage and
Conflicts, Bufferzone Management, Common Property Resource Management and Community
Forestry, which are linked to socio-economic development of the people of Nepal. Women's
participation, land use capability, watershed modeling, use and management of NTFP,
subsistence economy, and sustainability are other important issues that are captured in this
collection of compendia.

I hope this document will serve as an excellent first hand reference material to the researchers as
it covers quite a broad range of areas with examples and case studies from Nepal. It will be a
good reading material for teachers and students in environment and natural resources and their
management in Nepal. Also, I hope this will be a useful reference for professionals working in
these areas. Its usefulness will be proved if used widely.

Shailendra N. Adhikary,

Project Manager

IOF/ITTO Project

Institute of Forestry (10F), Pokhara.
1998.







PREFACE

* A dictionary definition of the term 'thesis' is a dissertation resulting from original research,

especially when submitted by a candidate for a degree or diploma, and substantiating a
specific view. It may also refer to a theory maintained in the argument, or to a subject for
discussion or essay. .

In most cases Ph.D. and other doctoral degrees are awarded exclusively on the basis of the
quality of the research and thesis submitted. Many universities also offer doctoral degrees on
the basis of course work and credits earned, with the research work and thesis submitted in
partial fulfilment for the degree. Some universities also require full research and thesis to
attain a masters degree whereas in other universities a thesis is only a partial requirement.
Which ever be the case, academic institutions providing post-graduate studies usually require
a candidate for a higher degree to write a thesis setting down in detail the background to the
research topic, a statement of the problem researched, a review of relevant literature and other
research methods used, the results of the research, discussion of the research conducted and
the results, indications for further research, and any recommendations arising from the
research.

The forests are of critical importance both for sustaining the increasing human and livestock
populations, and the dwindling wildlife populations of Nepal. They are also of enormous
importance for preventing catastrophic environmental degradation through soil erosion,
Jandslides, flooding and loss of bio-diversity in the fragile ecosystems of the country.

The responsibilities of those charged with managing the forests, so that the society derives
maximum benefit from their productive function without detriment to their functions of
preservation and regulation, are complex and onerous, and need to be discharged in the light
of the widest possible knowledge of the research which has been conducted in recent
decades. As significant amount of this research has been the work of candidates (mostly
Nepalese) for Ph.D., M.Sc. and other higher degrees and 'buried' in their theses, having
seldom been published and usually being available only from the authors or the institutions
where they have been lodged.

Even the existence of such authors and their work is often unknown to people who could take
advantage of it, not only in forest management but also in research, teaching and other
scholarly activities, and in government departments, national and international NGOs and aid
agencies both in Nepal and abroad.

Tt was therefore thought that the publication of a list of these theses and a brief summary of
the contents of each would be a valuable supplement to the published literature, and thus help
both in furthering research and in developing management policies and systems which will
ensure the utilisation of forest products and does not further degrade the forests or reduce the
wonderful diversity of flora and fauna which they still contain.
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This compilation consists of compendia (i.e. brief summaries) of 35 doctorate and 131
masters degree theses written by Nepalese postgraduate students in forestry and allied
subjects or foreign students whose work relates specifically to Nepal.

Most of the compendia include an abstract of the thesis and summaries of the research
problem, methodology, findings, and suggestions for further research and recommendations
for future action. However, where the work of a Nepalese postgraduate forestry student does
not relate specifically to Nepal, only an abstract is usually provided. The compendia are
presented in alphabetical order of the authors' surnames.

To make the compilation as complete as possible, theses deposited with various universities,
libraries, government and non-government agencies in Nepal and elsewhere were sought,
advertisements were placed in national daily press and known holders of relevant
postgraduate degrees were individually requested to make their theses available. Although
these approaches were very successful there must still be theses which did not become
available for inclusion. This work is therefore only a start, and it is hoped that a later
compilation can include further theses which may be discovered or submitted in future.

It is hoped, that the Institute of Forestry of Tribhuvan University in particular, will find this
publication useful in developing its proposed provisions for postgraduate studies. It is further
hoped that similar other institutions of higher learning in Nepal will also benefit from the
publication.

o Tej B.S. Mahat, Ph.D. « Swoyambhu M. Amatya, Ph.D.
Visiting Scholar, Social/Community Forestry, Director, Forest Survey Division,
Tribhuvan University, Institute of Forestry/ Forest Research & Survey Centre (FORESC)
International Tropical Timber Organisation Kathmandu, Nepal

(IOF /ITTO Project), Pokhara, Nepal
o Prakash Sayami, M.Sc.
Forest Officer,
Forest Research & Survey Centre (FORESC)
Kathmandu, Nepal
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A JIREL COMMUNITY OF I-IIGHLAN D NEPAL

Acharya, Harihar Prasad.
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ABSTRACT

This dissertation examines the complex, diverse, and dynamic process of managing the use
and availability of forest and pasture resources as conceptualised, practised, adapted, and
evaluated by the Jirel people of highland Nepal over the last 200 years. Analysis of the
impact of Jirel symbol systems, social organisation, household strategies and external
linkages on forest and pasture management, showed that the Jirel have maintained a near
balance between their needs for and the availability of wood and fodder resources. Shortage
of labour during the rainy season, scarcity of fodder in the winter, and unequal distribution of
resource ownership are three major constraints to Jirel management systems. The Jirel try to
cope with these constraints by redistributing access, costs and risks in the community. Jirel
reciprocity serves both self-interest and generosity and sustains their relationships with fellow
human beings, supernatural forces and natural resources.

Prevailing conditions, institutions, opportunities, and strategies help the Jirel to economise in
the use of resource, meet essential needs and protect the resource bases simultaneously.
Throughout history the Jirel have been granted considerable autonomy in the use and
protection of forests and pastures in exchange for their services for the royal herds. Private
titles, joint ownership, usufruct and communal rights effectively regulate Jirel motivations,
use patterns, social equity, protection methods and sanction structures. The Jirel plant trees,
harvest from annual increments, allow resources time to repair and utilise substitutes. Most
Jirel live in ground-floor huts; burn twigs, dead wood and recycled materials for fuel; feed
leafy growths and crop residues to their livestock, practice rotational and selective methods of
harvesting and apply restriction signs to protect resources. Recent off-farm employment
opportunities have effectively reduced the need for clearing forests and pastures for food
production.

PROBLEM

This study grew out of anthropological and development policy concerns for meeting human
needs without destroying the natural resource base. It explores the complex, diverse and
dynamic process of managing the use and availability of forest and pasture resources as
conceptualised, practiced, adapted and evaluated by the people of Jiri, a mountain village in
Dolakha District located about 190 km north-east of Kathmandu, the capital of Nepal.

OBJECTIVES

The major objectives of the study were to investigate: (a) how and with what effect the
people of Jiri, called Jirel, have been managing forest and pasture resources; and (b) whether
and how a development policy for sustaining a balance between natural resources and human
needs could be built on pre-existing local institutional arrangements. From this perspective,
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management involves those processes of cultural ideas, social organisation, household
strategies and external linkages which affect the balance between the needs for and
availability of natural resources in particular local communities.

METHODOLOGY

The research covered the forest and pasture resources of the whole of Ratomate, Ward
number 6 of Jiri village panchayat. The people who were the subject of the research came
from a total of 107 households.

Those families who cultivate land in Ratmate but live elsewhere and do not us the forest and
pasture resources of this area were not included in the study.

Genealogical histories, histories of forest and pasture ownership as well as old chronologies
provided information on the historical depth and changes in forest and pasture management
patterns. Historical documents (letters, orders, records etc.) in Jirel households and the Jiri
Agricultural Centre were searched, knowledgeable informants about past events and
conditions were interviewed and an extensive survey of literature in libraries in both Nepal
and the United States was conducted.

Sample surveys, measurements, and interviews were conducted to compare the use and
consumption of wood and fodder resources with their local availability. This comparison is
the basis of analysis regarding the efficacy of management practices: effective practices are
those which meet local needs without destroying the sustainability of the resources base.

FINDINGS

The Jirel have maintained a near balance between their needs for and the availability of wood
and fodder resources. Shortage of labour during the rainy season, scarcity of fodder in the
winter and unequal distribution of resource ownership are three major constraints to Jirel
management systems.

RECOMMENDATION

Policy planners should become more sensitive to cultural, social, individual and historical
dimensions of all development issues.

Thus a prime goal of all development policy should be to preserve and promote cultural
strengths, not only for humanistic and moral reasons but also for efficiency and pragmatic
reasons. With a clear recognition that local people have not destroyed their own resources or
threatened Government authority in any way, the Government should be willing to encourage
local people in their sound management practices instead of putting legal restrictions on them
or appropriating their resources.

Policy should respond to changing circumstances and unexpected events. It should be
dynamic enough to innovate, motivate and adapt.

Because of diverse resource endowments, traditions, needs and histories in the different local
communities, no single policy can be equally effective or beneficial everywhere. Thus
development efforts are best decentralised and focused on relatively smaller geographic
regions.




INDIGENOUS FODDER TREES, THEIR MANAGEMENT AND

UTILIZATION IN THE TERAIL BELT OF NEPAL

Amatya, Swoyambhu Man.
Ph. D. (1991)
Tribhuvan University, Nepal

ABSTRACT

The people of Nepal have a long tradition of farming, with tree fodder and agriculture being
interdependent components. Tree fodder provides about 40 % of all animal feed but it is in
short supply in the dry season. Farmers in Nepal have a considerable knowledge of fodder
trees and their nutritional qualities. Preferences for fodder trees vary from one ecological
zone to another, depending on their availability and their feed value. The concept of fodder
trees for the hills and for the Terai belts are different. Unlike those in the hills, farmers in the
Terai in general do not grow trees specifically for fodder because they have the practice of
feeding agricultural by-products as one of the major components of feed stuff.

Most literature deals with the fodder situation in the hills and little or nothing has been
reported on the management and utilization of Terai fodder trees. Studies on the interactions
between fodder resources use and associated social systems can have a great bearing in
understanding the indigenous methods used by village communities to maintain the livestock
which are an integral part of farming systems in Nepal. This study attempts to bridge the gap
between identification of fodder trees, their management and utiliztion in the Terai, taking
into consideration the ecological constraints of the biological and physical environments in
which they exist. Specifically this study aims to ascertain the farmers' knowledge and
preferences regarding fodder trees, their management and utilization.

Three representative Terai districts (Udayapur, Bara and Kailali) were specially selected for
conducting the study.These districts were chosen because they not only represent different
geographical conditions but also have been recently settled by migrants from the hills. In
each district two village communities were selected and within each village community one
ward was selected at random. Household survey and participatory observation methods were
carried out to capture 12 specific classes of quantitative and qualitative data. Firstly a sample
household was chosen at random and after every third house another sample was taken. For
this study a total of 180 farmers were interviewed from the three districts.

The sutvey suggested that Terai farmers could recall a total of 43 different fodder trees. The
number of these fodder trees varies with the district, the highest (26) being recorded for Bara
District and the lowest (15) for Udayapur District. The farmers of the Kailali District could
recall a total of 24 different fodder trees. Male farmers knew more types of fodder trees than
females. Religious background, lopping instruments, methods of fodder collection and season
and intensity of 1opping fodder trees were the main factors in the farmers' indigenous system
for managing a given fodder tree. Of the 43 fodder tree species, farmers were found to lop
most (28 species) of them during the winter, some (10 species) during the summer and the
other (5 species) throughout the year, but there is a considerable overlap in the season of
lopping. Basically, tender and mature leaves, obano and chiso ghans (dry and cool grasses),

leaves shading periods and nutritional status of the leaves are the four major factors which
determine the choice of a lopping regime for a given fodder tree species.
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Although the contribution of livestock in terms of milk and meat is poor, every farmer keeps
livestock, the reason being to obtain manure as well as milk and meat. The majority of
farmers (101 out of 180) reported the changes brought about by feeding a particular type of
fodder tree to their livestock. Milk yield and growth (in terms of meat) were the two
important factors which farmers mainly consider when choosing fodder species.

Fodder from the government forests is not sufficient for sustaining the present livestock
population. Yet only a few (37) farmers grew fodder trees on their farmland, the rest using
agricultural by-products as a major alternative. Farmers are reluctant to plant fodder trees on
their farmland because of the shading effect on their agricultural crops, pest problems, and
soil infertility due to raising fodder trees on their farmland. Moreover, some fodder trees such
as gayo (Bridelia regusa) are susceptible to insect damage. Although the nutritive value of
phosro (Grewia optiva) is less comparrd to other fodder species, it is the most common
fodder tree species planted by the farmers on their farmlands.

Farmers utilize fodder tree species for other purposes, such as making ropes and medicines.
Species vary in their uses; for example bhotla (Bauhinia vahlii) is used for three purposes
(ropes, leaf plates and leaf umbrellas).

Farmers suggested that protection of existing forest, public awareness about forestry, stall
feeding of livestock, and planting more trees (including fodder trees) in the forest areas and
on the farmland could improve the deteriorating forestry situation.

It has been reported that investment in forestry plantations is an attractive enterprise. The
intangible benefits would be to check deforestation and soil erosion and help prevent
environmental degradation.

PROBLEM

It has been noted that the Terai people, by comparison with those of the hills, do not grow
fodder crops on their farmland. Yet there has been a long tradition of mixed farming with
animal husbandry and agriculture being interdependent components. Livestock is also an
integral part of the cultural life in this region. It is not known why the Terai people are less
interested in raising fodder trees on their farms. How do they meet the fodder requirements of
their livestock ? How do they manage and utilise the existing fodder resources ?

It is therefore important to study the interactions between resource use and the associated
social system, taking into consideration the constraints of the biological and physical
environments in which they exist. For this it is essential to understand the indigenous
methods used by a village community to maintain livestock on the available fodder trees and
pasture. All this must be carefully studied in research and extension work with a view to
improving fodder management in the Terai. This study attempts to fill gaps in the knowledge
of fodder trees and their management and utilization in the Terai.

OBJECTIVES

-~ general objective of the present study was to assess current practices of fodder utilization
management adopted by rural communities in three Terai districts (Udayapur, Bara and
ali).
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In each district two village communities were selected, one requirement being that each
community should fall within the limit of Terai and Bhabar zone. In order to demarcate the
required communities for the study, ward maps were obtained from the local Topographical
Survey Office. Village communities falling outside the Terai and Bhabar zone were excluded.
Because of time and resource constraints, the study focused on only one of the nine wards of
each selected village community.

METHODOLOGY

The research was carried out between September 1989 and April 1990 in the three districts.
Its primary purpose was to investigate attributes of the indigenous system relating to the
management, cultivation and use of the tree fodder resources. In order to plan the appropriate
methodology for this kind of research, besides the collection of information from secondary
sources (i.e. published reports, books) visits were made to accessible parts of the three
Development Regions of Nepal. As a result of the field visits and discussions with the
personnel engaged in the field of forestry and socio-economics a multi-method research
approach was used to address the research problems. The main sources of information were:

i. household survey
ii. participant observations (i.e. taking part in the daily life of the villagers).

The first source involved the use of a formal survey questionnaire that measured socio-
economic variables at the household level.

To overcome problems of local dialect and fears which would otherwise be entertained by the
people, local residents were hired to conduct the surveys.

FINDINGS

Tt was found that 43 different tree fodder are used in the Terai. Farmers of the Central
Development Region recognize more tree fodder species than those of the East and Far
Western Development Region.

Farmers' opinions on the management of tree fodder vary, depending somewhat on their
religious background. It appears that, in general, there is no common system of fodder
collection, season and intensity of lopping trees fodder, but some farmers have a fair
knowledge in these respects. Some species are lopped throughout the year and other are
lopped during winter or at the beginning of the summer season. There are different reasons
for this, such as type and density of livestock and nature of the trees.

Farmers, in general, do not lop young trees and they seem to have some empirical knowledge
about the interrelationship between tree age and fodder yield.

Usually farmers feed tree fodder to their livestock immediately after bringing it home, but
some species which have coarse leaves are left overnight before feeding. It was revealed that
asna (Terminalia alata) is a good tree fodder as the fat content of the milk is higher when
livestock are fed with this species.
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Tree fodder from the government forests is not sufficient to feed the existing livestock
population, the main reasons being increase in human and livestock populations, felling of
trees, and migratory animals feeding in the forest.

Farmers, in general, are reluctant to raise fodder trees on farmland because of their shading
effect, pest problems and resultiing soil infertility. Howeer, despite the ill effects some
farmers do raise fodder tree seedlings on their farmland. It was reported that ginderi (Premna
latifolia) is more susceptible to insect damage than other types of fodder trees such as kimbu
(Morus alba), phosro (Grewia optiva) and khanyu (Ficus semicordata). Some species such as
gaya (Bridelia retusa) are more demanding of soil moisture.

Kutmero (Litsea monopetala) and badahar (4rtocarpus lakoocha) are the most preferred
fodder trees in the Terai because of their yield, their nutrient status and palatability. Asna
(Terminalia alata), dabdabe (Garuga pinnata) and phosro (Grewia optiva) are preferred for
their high milk yield and high fat content in the milk. Shallow dung, urinary problems and
reduction of milk yields are ill effects of certain tree fodders which causes farmers to reject
them.

It has been estimated that investment in forestry is a attractive one. The intangible benefits of
planting trees would be to check deforestation, soil erosion and help protect environmental
degradation.

RECOMMENDATIONS
Policy recommendations

It has been reported that the supply of fodder trees seedlings, which are in high demand, from
the government nurseries, is inadequate. It is recommended that an initial base-line survey
should be carried-out to find out what species of seedlings are desired by particular village
communities. The seedlings should not be distributed free of cost. It has been observed that
farmers do not care for seedlings once, they have been planted out, even on their own
farmland. Let the farmers realize that they must pay something for the seedlings.

«  Government nurseries should not be fully oriented towards achieving the annual target
only by producing seedlings which are not in high demand. Rather they should try to meet
the demands of the villagers. Fodder trees that might have several desirable propetties,
such as adaptability, palatability, nutritive value, good productivity and growth, resistance
to utilization and harmlessness to animals when eaten, should be considered when
producing seedlings in the nurseries.

o Topics of forestry should be incorporated in the cuiricula of primary and secondary
schools in order to make the younger generation realise the importance of forestry help
check deforestation and environmental deterioration one hand and to achieve self
sufficiency in forestry products in the other.

Research recommendations

e Research on fodder trees is a new concept and has been limited. It is desirable that this
gap should be bridged by carrying out research on various aspects of fodder trees. At
present it should concentrate on two aspects-firstly lopping strategies and secondly tree-

6
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crop interactions.

e Many fodder trees are known locally only and have no botanical names. It have been
reported that species such as ginderi (Premna latifolia) and khanyu (Ficus semicordata)
shows intra-specific variation. These different varieties might yield different foliage
biomass or different feed value at the different time of the year.

e Many fodder trees are multipurpose. While the leaves are used for fodder they may have
other values also. The fruits of harro (Terminalia chebula) and barro (Terminalia
bellerica) are extensively used in medicine. Similarly the bark of sal (Shorea robusta) is
used for tanning hides, the leaves are used as plates and the seeds as a source of oil. Many
other species have multipurpose potentials and need to be explored. Such trees are seldom
managed for seeds, foliage and fruits exclusively. It is therefore recommended that they
should be managed collectively and separately.

e Data on the fodder value of many species are scanty. Most data are available only for
those species which occur in the middle-hills. In this thesis many species which are
mentioned as indigenous fodder trees of the Terai belt, such as dumre (Benthamidia
capitatd), debre lahara (Spatholobus parviflorus) and badchur (Viscum articulatum) have
not been discussed. A multidisiplinary research involving livestock should be initiated to
ascertain the feed values of such species.

o TFodder trees in general can be propagated through seedlings raised in the nursery, but
unfortunately there are some such as badahar (drfocarpus lakoocha), which lose their
viability very quickly. Incidentally 4. lakoocha is one of the fodder species most in
demand. Seedlings of such species are often difficult to get in large quantities.

e Cutting height is an another important aspect in lopping a tree. Large trees are difficult to
climb. Research focused on cutting height and diameter of tree would help the
management and utilizatation of important fodder tree species. -
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ABSTRACT

The one-year study (1977-78) in Pangma Village Panchayat, Sankhuwa-Sabha District, analyzes
influences on deforestation from supply and demand patterns of fuel and food by emphasizing
local socio-economic characteristics. The panchayat is slightly less than 14 km* and
characterized by many similar aspects as in other parts of the Hill Region in Nepal: (a) high
population density; (b) distribution of four major and six minor ethnic groups at altitudes
ranging from 600 m to 2,500 m; (c) vulnerable internal resource capability; (d) high degree of
non-commercial economy; (e¢) overwhelming dependence on agriculture for subsistence; (f)
almost total dependence on wood as the main source of fuel.

The research method combines questionnaire survey, participant observation and direct
measurement to derive: (a) forest area and tree volumes to estimate sustainable fuelwood supply;
(b) fuelwood consumption by type, source, and end-use; (c) arable land area and crop-yields to
estimate food grains production; (d) land tenure and ownership patterns to assess food grains
distribution; (e) food consumption patterns by type and quality; (f) forest areas targeted for
future clearance. 182 out of 582 households and four subregions combining settlement clusters
and forest subgroups constitute analysis units.

Main conclusions are: (a) deforestation is a serious problem; (b) forest clearance to supplement
food production is the major reason for deforestation; (c) fuelwood extraction affects
deforestation when forest size is significantly reduced by clearance for food production; (d)
existing forests can provide a sustainable fuelwood supply but arable land cannot satisfactorily
meet food needs. Implications of the analysis suggest that the control of deforestation requires:
(a) improvement of food production and distribution practices in order to stop further forest
encroachment; (b) better management of existing forests to maintain and preferably increase,
sustainable fuelwood supply; (c) direct participation of local people is indispensable to
instituting these improvements.

PROBLEM

The subsistence economy prevalent in the rural areas of Nepal is dependent, directly or
indirectly, on the forest as an important provider of basic needs. Fuelwood, poles and timber,
together with imperata grass (shiru), are extracted directly from the forest, and constitute the
prime inputs to the supply of fuel and shelter for sustenance of human life. In an indirect way,
food can also be considered as a contribution of the forest because forest clearance has to be
instituted in order to compensate for decreasing land productivity and increasing population
growth. The problem reaches ctisis proportions when the area as well as the quality of the forest
decrease to a point where, on the one hand, its ability to provide for these needs is curtailed and,
on the other hand, the ecological balance is disturbed, causing severe side effects in the form of
soil erosion, landslides, imbalances in the hydrological regime, etc.




Implications of Fuel and Food Needs for Deforestation an Bajracharya, Deepak.
Energy Study in a Hill Village Panchayat of Eastern Nepal

The idea that the high productivity of the Terai could be exploited to alleviate the food problems
in the hilly midlands seems to have been a miscalculation. Two specific reasons can be
advanced for this conclusion. First by the higher productivity of the Terai itself is debatable.
Evidence showed, in fact, that the productivity per unit of land in the Terai was less than that in
the hills.

Secondly, that the resettlement had not worked as planned related to the questionable
assumption that an increase in production through resettlement schemes in the Terai would
lessen the land pressure in the hill areas. The flow of food grains to the hill areas was in fact
extremely limited. '

The reality today shows that no significant progress was made towards increasing production in
the hill areas. This is indicated by the growing degradation of the ecology, resulting in severe
soil erosion and landslides in Nepal.

METHODOLOGY

Questionnaire survey, participation observation and direct measurements were used to derive:

forest area and tree volumes to estimate sustainable fuelwood supply;
fuelwood consumption by type, source and end-use;

arable land area and crop yields to estimate food grain production;
Jand tenure and ownership patterns to assess food grains distribution;
food consumption patterns by type and quality; and '
forest areas targeted for future clearance.

e e o P

Tree counts were made on 13 sample sites in Pangma forests to carry out forest inventory during
the course of the study. Only diameter at breast height (dbh) was measured, without
distinguishing the height or species of individual trees. The volume of trees was estimated using
the volume table.

Estimates of fuelwood consumption were made by interviewing 182 households (31 percent)
out of a total of 582 households in Pangma. Every third household was chosen for detailed
interviewing, whereas the other two were used for limited interviewing to obtain census
information where necessary.

In addition to these one-time annual recall schedules, 14 households were selected to represent
various ethnic groups, altitudes, settlement clusters and economic status. These were asked to
keep a daily record of fuelwood consumption and collection. These information was then
collected every week by repeated interviews, using the daily records as a guide. This schedule
was carried out for one complete year.

Yields of paddy, millet and maize as well as the levels of food consumption were obtained from
interviews. Rice, millet, and maize are the food items considered in the study since they
constitute the principal components of what may be considered as staple diet.




Implications of Fuel and Food Needs for Deforestation an Bajracharya, Deepat.
Energy Study in a Hill Village Panchayat of Eastern Nepal

FINDINGS

The finding of prime importance in the thesis is that food needs probably play the major role in
the process of deforestation in Pangma, whereas fuelwood needs play a lesser role.

Other major findings of this study are as follows:

1. Deforestation is a serious problem.
2. Forest clearance to supplement food production is the major reason for deforestation.

3. Fuelwood extraction affects deforestation when forest size is significantly reduced by
clearance for food production.

4. Existing forests can provide a sustainable fuelwood supply but arable land cannot
satisfactorily meet food needs.

RECOMMENDATIONS

The following measures should be undertaken for the control of deforestation:

1. Improvement of food production and distribution practices in order to stop further forest
encroachment;

2. Better management of existing forests to maintain, and preferably increase, sustainable
fuelwood supply; and

3. Instituting these improvements through direct participation of local people.

FUTURE RESEARCH

One important aspect of the research, which was not ascertained or measured, but which was
clearly implied, is the topic of deforestation itself. For future research, comparable aerial
photographs would provide useful insights into these aspects.

Along the same lines, a complementary study of the forms in which soil erosion and landslides
have been taking place, would be very valuable in assessing the implications of deforestation.

If the forest utilization pattern is further studied in more detail, a more realistic assessment of
the nature of deforestation, if any, due to fuelwood extraction, could be made, and consequently
a more realistic work plan for measures against deforestation could be developed.

Similarly, a better assessment of deforestation due to forest clearance for food production could
be performed by making a detailed survey of the history of pakhobari cultivation and the
practice of slash-and-burn agticulture.

A strong case can be made for a joint research effort involving pure and applied scientists and
social scientists, who would look at integrating the various aspects of deforestation into one
conceptual framework and thus contribute to a more definitive statement concerning this
important issue.

10




~ THENEPALESE HILL AGRO-ECOSYSTEM:
A SIMULATION ANALYSIS OF ALTERNATE POLICIES FOR FOOD
_ PRODUCTION AND ENVIRONMENTAL CHANGE

Banskota, Mahesh.
Ph.D. (1979)
Cornell University, USA

ABSTRACT

This study investigates the problem of a deteriorating hill agro-ecosystem and the impact of
alternative policies on food production, household energy supply and environmental stability.
This problem is to be found in acute form in Nepal. The process of deterioration is evident in
ecological stress, increasing shortage of firewood and declining food production. The rapidly
growing population has put increasing pressure on local food and fuel supply systems.
Increasing pressures on the local resource base are affecting the stability of the local
ecosystem. Particularly important are the losses of forest, which reduce the availability of
energy and fertility from forests, resulting in a decline in productivity of farm lands. Stripping
of forest cover exacerbates the problem of soil erosion which further affects the ability of the
land to support the increasing population. The objective of this study is to identify critical
dimensions of this ecological and economic problem and to develop an analytical framework
which can evaluate the interaction of some of these changes as well as the impact of
alternative policies

The analytical model is an integration of different existing analyses relating to land-use
changes in rural areas, environmental change, and food production. It focuses on the issues of
food, fuelwood, fodder and soil erosion. So a simulation model is developed which contains
eight submodels relating to land use , fodder supply, wood supply, soil erosion, household
energy consumption, population and labor supply and foodgrains production. Emphasis is
placed on food, fuel, fodder and environmental aspects.

While the model allows a test of the impact of a wide range of policies over different
systems, the more significant implications of this study are in the methodology for analysing
the problems of hill agro-ecosystems. The study provides quantified means for guiding
specific policy choices, but its major contribution is as a tool for the evaluation of
deteriorating hill agro-ecosystems.  Planners increasingly need more adequate and
comprehensive analytical means to identify and understand the more complex relationships in
hill agro-ecosystems. This study provides one possible methodology for estimating the
complex interactions of present trends and possible policy interventions or combinations of
public and private action.

PROBLEMS

The problems of ecological stress, shortage of fuelwood and declining food production are
the critical dimensions of the deteriorating hill agro-ecosystem in Nepal. These problems are
not isolated. Increasing population creates the demand for more food and fuel. As pressures
on particular resources like forests increase, this disturbs the transfers of fertility from forests,
resulting in a net decline in the productivity of the farm land. Stripping of forest cover
exacerbates the problem of soil erosion which futher affects the ability of the land to support
an increasing population.
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The Nepalese Hill Agro-ecosystem: a Simulation Analysis of Banskota, Mahesh.
Alternate Policies for Food Production and Environmental Change

Much of this has been observed in hill agro-ecosystems. But from here on little is known.
There are undoubtedly important trade-offs involved by addressing one set of issues and
neglecting others. It is therefore necessary to identify and evaluate these linkages so that a
more informed basis for policy decisions is available.

Because the problem in hill areas is complex, it is vital to consider the most important needs
of the rural people and evaluate their interaction with the environment. This implics a study
of the entire agro-ecosystem in its more critical dimensions, rather than a search for specific
remedies.

In the past, studies dealing with rural areas have looked at different processes or systems
separately, with a major focus on the use of modern technology to increase food production.
The lure of some of the technologies was powerful enough to direct a large part of the rural
and agricultural development thrust towards this goal.

Today, food production itself has suffered on account of the neglect of the resource base,
ecology, energy, institutional and organisational aspects. While these areas have been
recognized as crucial, their relationship with rural production and energy systems has only
recently aroused an increasing interest. No systematic effort has been made to identify the
different dimensions of the problems and their relationships for the hill areas of Nepal. In this
study an effort in this direction has be made.

OBJECTIVES

The objectives of this study are:

1) To develop an analytical framework for assessing the interrelationships of the critical
dimensions in the hill agro-ecosystem and;

2) To use the analytical framework to evaluate the impact of alternative policies relating to
food and resources.

METHODOLOGY

The manner in which these objectives has been approached has been to integrate different
previously used approaches and to develop new ones for other aspects based upon the
prevailing understanding of the Nepalese hill agro-ecosystems.

FINDINGS

It is possible to test the impact of a wide range of policies over different systems The results
of such a study can be used to evaluate policy decissions which the study has consistently
treated as apolitical. However, the major contribution of the study has been methodological.
It provides a tool for the study of hill agro-ecosystems.

It is possible to capture in quantitative terms some of the important aspects of the
relationships between population, resources, technology and environment, and changes in one
system are transmitted to others, although the nature and magnitude of these changes differ.
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The Nepalese Hill Agro-ecosystem: a Simulation Analysis of Banskota, Mahesh.
Alternate Policies for Food Production and Environmental Change

This type of approach for analysing rural development issues provides a better basis for
increasing the effectiveness of planing as compared to those approaches that primarily focus
on one aspect alone. In situations where certain types of pressures predominate, the tendency
in the past has been to focus on just the areas of pressure and leave others alone. The
problems with such approaches are not hard to imagine. By the time one system manifests
pressures of some magnitude, the impact of this has already been transmitted to others, and it
will not be long before similar magnitudes of problems become evident in other systems as
well. The analysis has attempted to examine some of these relationships and interactions for
the hill environments of Nepal. The framework developed has traced the differential impact
of alternate policies on the stability (as identified by the index of soil erosion) and the
productivity (as indicated by levels of foodgrains production and the supply of locally based
household energy inputs) of the hill agro-ecosystems. .

Once an integrated framework of this type has been established, evaluation of policy options
can be pursued from different perspectives - environmental, household energy, foodgrains
production and budget constraints. Highlighting the tradeoffs is an important benefit of this
type of simulation analysis, as one option may have favourable impacts on some but not on
other aspects. '

Such an approach can significantly assist in a general evaluation of the inter-temporal
outcomes of different policy mixes for the hill agro-ecosystems, and in areas where there are
sets of pressing issues this approach can enhance the effectiveness of planning for rural areas.

Although the framework has been used for a hypothetical case of a fairly small area, there are
no reasons why its usefulness should be limited to just small areas. As long as the basic
structures of the larger regions are identifiable, such an approach becomes equally useful for
establishing changes in resource bases, the nature and different types of pressures on the
regions, and a broad idea of the likely impact of different policies over a wide ranging set of
indicators.

FUTURE RESEARCH

There are two important areas for further work suggested by this study. The first has to do
with the improvement of existing submodels. There are possibilities for improving the
livestock and population submodels to include a more detailed consideration of such issues as
increased number of livestock products, fodder demand by nutrient types, and migration.
There is also the possibility for using a disaggregated production function to reflect
foodgrains production on a crop by crop basis. Additional inputs like irrigation, plant
protection materials and improved seeds can also be considered. At the same time it is also
possible to undertake production analysis based upon farm sizes so as to reflect changes over
different groups in the hill agro-ecosystem. The latter aspect will however involve a similar
desegregation for other resources and household energy submodels.

The second area for further work has to do with additional submodels and relationships.
There is also some scope here, but this will very greatly according to the nature of the areas
and issues being considered. Within the general framework of this study, there are
possibilities for introducing income and price based relationships, exports and imports of the
area, some non-agricultural activities and a more careful look at the nutritional aspects of the
local food production. It will be necessary to study these aspects empirically before
appropriate relationships can be postulated.
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_ PREDICTING SITE INDEX OF SHOREA ROBUSTA (GARTN.)
 FROM ENVIRONMENTAL FACTORS INNEPAL

Bhatta, Binod.
Ph.D. (1995)
University of the Philippines Los Banos, Philippines

ABSTRACT

A site index (SI) prediction model was tried for sal (Shorea robusta) in Nepal using
environmental factors such as climatic factors, physiographic factors and soil factors. Data
from 70 plots were obtained. The process involved the development of a site index guide
equation and generation site index for the plots measured. The site index guide equation took
the following form:

log H=0.0725 + 0.8139 log A

The stand site indices were estimated using the equation:
log SI=1og H + 0.8139 log (BA-A)

Where: BA= Base age taken at 30 years

A = Stand age in years, SI = Site index,

log is to the base 10.

Correlation analysis between the stand variables showed that site index was significantly
related with the total height (THT) and diameter at breast height (DBH) Likewise, THT and
DBH were also significantly correlated with each other. Both THT = and DBH were
significantly but negatively correlated with temperature. The topographic position
(TOPOPOS) of the stand was significantly but negatively correlated with SI, which areas that
the SI is higher or better in the lower plains than in the middle slopes. No other significant
correlations were obtained between SI and other physiographic variables. THT and DBH
were significantly positively correlated with altitude.

Very few significant correlations were obtained between the stand variables and soil physical
properties. SI was significantly but inversely correlated with electrical conductivity, organic
matter content and total nitrogen in subsoil.Total nitrogen content in top soil was also
significantly and inversely correlated with SL

The environmental variables were subjected to stepwise multiple regression analysis using site
index as dependent variable and other environmental variables as regressors. The analysis
revealed that the site index of sal is a function of depth of the topsoil (DEPTH1), electrical
conductivity in the subsoil (EC2), potassium in the subsoil (K2), and action exchange capacity
in the subsoil (CEC2). The relationship between the mentioned variables is given by the
following equation:

SI=7.010257 + 0.46349*DEPTH1 - 28.173675 * EC2 +4.982982 * K2 - 0.207158 * CEC2

The above equation has a coefficient of determination (R2) value of 0.7135 reflecting 71.35
percent of the variation in site index of sal can be explained. Of the four variables in the
model, depth of the topsoil alone explained 52.97 percent of the variation in the site index of
sal. '
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Predicting Site Index of Shorea Robusta (Gartn.) from Environmental Bhatta, Binod.
Factors in Nepal

PROBLEMS

Forest site quality is the sum total of all the factors affecting the capacity to produce forests
and other vegetation. A knowledge of the growth response of trees to factors of the
environment is important to forest management, in that one can encourage growth either by
modifying the environment or by concentrating on sites providing a desirable environment
for the species of the total forest land of the country, 16.2 percent is sal forest which is
dominant in the Bhabar and Terai zones except in areas of very high rainfall where it is
replaced by mixed forests.

The area of sal forest is continually decreasing due to encroachment, conversion to
agricultural fields and resettlement of people into the region.

OBJECTIVES
This study was conducted with the following specific objectives:
10 to determine the relationships between certain site factors and growth of sal forest; and

20to develop a site index prediction equation for sal based on some measurable site
variables.

There is not much problem with sal regeneration in Nepal. The regeneration comes profusely
either from seeds or from the coppice. In case of unfavourable conditions the seedlings die
back.

Its preference, market, and case of establishment make it a very important species Therefore,
this study on the relationship between some site factors and growth of sal will help in making
specific silvicultural prescriptions for the better management of the sal forest.

METHODOLOGY

The study area covered 13 southern districts in the sal belt of the Terai, Bhabar and dun
regions. Altogether, 70 sample plots were established in these 13 districts. Out of 70 plots, 33
(47.14 percent) were in community forest areas and the rest (37 plots) were in national
forests.Age of stand was taken from the existing records and verified by counting the growth
rings of stumps. Altogether 70 circular temporary sample plots were established in such a
way that stand age and environmental conditions of the area were covered. Furthermore, the
sample plots are selected from stands that were fully stocked, even-aged, uniform, and with
no signs of previous damage from destructive agents.

Five dominant trees were selected from each sample plot. DBH of the selected trees was
measured at 1.3 m from the ground level using a diameter tape. The topographic position
(TOPOPOS) of the sample plot in the stand was recorded according to whether it was on the
ridge top, middle slope or low plain. A soil pit about 1 m deep was dug near the centre of
each plot, and the boundary between the topsoil and the subsoil was determined from their
colour difference. The depth of the topsoil was then measured.Samples of about 2 kg of soil
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were then collected from the topsoil and subsoil separately and placed in separate plastic
bags. These samples were then analysed in the soil laboratory for their physical and chemical
properties. The data collected were then subjected to simple correlation analysis. Stepwise
multiple regression procedure was then applied to develop a regression using the general
equation:

SI = a+bl x1+b2X 2+....+bn x n
Where:

X = environmental variables

a, b = regression coefficients.

Only those environmental variables which have significante effect were included in the
model. The response regression procedure were carried out to verify the type of relationship
(linear or non-linear). The statistical analyses were carried out using a SAS (Statistical
Analysis Systems) package. The derived equation was then verified for its predictive
accuracy. For this purpose, data from 20 sample plots were collected independently. Then the
site index was predicted using the model and verified by actual field measurement. Paired
tests and Chi squared tests were applied to see if there site is a significant and different
between the predicted and observed site indices.

FINDINGS

Of 24 equations tried, the following equation was accepted as the site index guide equation.
The highest R2 value and the lowest MSE value were used as the criteria for selecting the
guide equation.

log H=10.0725+0.8139 log A
Where:

H = Total Height

A = Stand Age in years

log to the base 10.

Sal can be and should be managed for a rotation of 30 to 40 years.

RECOMMENDATIONS

Of all the factors, soil is the most significant and stable factor, and contributes most to site
productivity. Measurement of soil factors alone also provides a good share of the level of
productivity of a site. Sample correlation analysis may fail to give the real picture of the
relationship between environmental variables and stand variables. As there are several
variables which show significant relationships with the stand variables only when considered
with several other variable, it is, therefore, suggested that to identify the relationships
between the variables, partial correlation analysis should be carried.

With several variables being considered in such studies, it will be difficult to use all the
variables at once for partial correlation analysis; thus it is better to go straight to the stepwise
multiple regression analysis to find the appropriate combination of variables affecting the site
index A response regression analysis should be run to verify the nature of relationship
between the selected variables in the model. For the proper management of the sal forest, the
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area should be divided into two zones (excluding the areas under national parks).The large
parcels of sal forest should be managed intensively by the Department of Forest. Other areas,
usually smaller in size, should be allocated for the management under leasehold forest or
community forest. The sal forest of Nepal demands that its proper management will have to
be done sincerely. The current model will help fill in this gap as the variables in the model
are not very sophisticated to measure. This model will help considerably in assessing the site
and to develop a proper management plan and prescription for the area. Moreover,
developing a yield prediction model on the basis of the present model will highly enhance the
prescriptions and efficiency of the forest management.

To fulfil the immediate needs of the community, it is suggested that the smaller forests should
be managed under short rotation (usually five to eight years) coppice crop. This will greatly
reduce the pressure on the remaining sal forest. The management of the coppice sal forest is
slightly different to that of high forest system; thus it is recommended that a similar study be
conducted in the case of coppice sal forest also.

It is recommended that the model be further validated and tested by using similar data sets

from other studies. Yield prediction models should be developed using this site productivity
model as base.
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~ TREE CULTIVATION ON PRIVATE LAND IN THE MIDDLE |
~ HILLS OF NEPAL: A VILLAGE PERSPECTIVE PRIVATE |

Carter, Elizabeth Jane.
Ph.D. (1991)
University of Oxford, UK

ABSTRACT

This thesis offers a village-level perspective upon the cultivation of trees on private land in
the middle hills of Nepal (the pahaad). It argues that enquiry into local knowledge, opinion
and conditions is an essential prerequisite to the designing of appropriate initiatives on
private tree planting, and that this has been generally lacking in forestry interventions in the
pahad to date.The study focuses upon Sure, a collection of hamlets in Dolakha District,
Central Nepal. Villager knowledge, activities, and opinions about the cultivation,
management and utilization of trees on private land are described in the context of the history
of settlement, the present way of life and use of tree products, and changes currently taking
place in the area.

Information collected in the nearby village of Melung is also discussed.lt is known that
villagers vary in their attitudes towards the cultivation of trees on private land, but some of
them display a great depth of knowledge about and interest in the subject.

Villagers most likely to plant trees were found to be those who perceive a recent decline in
local tree product availability (especially species valued for quality fodder), who own
sufficient land for food sufficiency, including some non-agricultural areas (the latter being
particularly important at elevation over 1,700 m ), who are male, and who have a personal
interest in tree cultivation. ‘

Caste and education per se were not determining factors.Broadening in perspective to the
pahaad as a whole, a number of strategies that outside agencies might adopt towards the
cultivation of trees on private land are discussed. The circumstances under which these may
be appropriate are examined in the light of insights gained. Where pertinent, suggestions are
made on the implementation of such strategies.

PROBLEM

There are numerous ways in which trees can be grown on private land in combination with crops,
domestic animals, or both. Taking a socially orientated perspective, a number of writers have
suggested that privately owned trees are particularly beneficial to the rural poor. Trees are said to
play a significant role in the seasonal livelihoods of the poor and to act as a source of capital in
times of financial need. As the existence of indigenous agro-forestry systems demonstrates,
farmers in many parts of the world actively cultivate trees on their land if they perceive a need
for, or advantage in, doing so.
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a Village Perspective Private

Much has been learnt about the implementation of community forestry programmes in Nepal
over the last 15 to 20 years. Yet in 1989, when there was so much talk about greater learning
from, and greater participation by local people regarding forest management, the promotion
of private tree planting was being advocated in the absence of any detailed information about
villagers' views and knowledge on the subject. In many cases the private tree planting
programmes seem to have been based simply on the assumption that if villagers were to plant
trees on their land, they would need seedlings, therefore seedlings should be provided.

There is general agreement in many of the reports that farmers prefer to plant fodder and fruit
trees on their own land, rather than pines. However, it was commonly noted that often only
the latter were available in local nurseries and, furthermore, that there was tendency for the
poorest quality plants left over from plantation activities to be supplied to private individuals.
As a result, private tree planting initiatives were often not very successful. Specifically, this
study sought to answer the following questions:

How does the use of tree products fit into the way of villagers' life, and from where are these
products obtained ? Are present sources perceived as sufficient ? What trees are most valued
by villagers, and why? Which of these are suitable for cultivation on private land ? What
factors are important in influencing whether or not villagers are interested in planting trees on
their own land ? Is anyone in the community already planting trees on their own land ? What
lessons might be learned from them?

OBJECTIVES

The aim of this study was to address the subject of private tree planting at grass-roots level
and to learn from villagers themselves how they perceive tree cultivation on their land.

METHODOLOGY

'A multi-method research approach was adopted, combining techniques used in the social
sciences and those more familiar to biological scientists. The use of a number of different
methods served as a crosscheck on the reliabilty of information obtained from one method
against another. Following are the research methods that were used for this study.

1) Detailed study of a few individuals to gain an understanding of their way of life, their use
of tree products, and land ownership patterns.

2) Survey of the main uses of tree products (fodder and fuel), obtaining information on the
relative use of public and private land, and the species used. Sample of as many randomly
selected households as feasible. The sample was stratified by caste/ethnic group, known
to be correlated to some extent with other variables such as economic status and
geographical location. Stratification was conducted on a proportional basis.

3) Informal interviews with members of known households.

4) Inventory of all trees cultivated on the private land of known households, gaining
information on species cultivated, tree source (natural regeneration or planted), location,
and population structure.

5) General discussions and observations.
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FINDINGS

Farmer knowledge about trees and their cultivation has been greatly underestimated in the
past, and continues to be so by some researchers. The need to promote the planting of trees
on private land has probably been generally overestimated by many workers, including the
authors of the Master Plan for the Forestry Sector, Nepal. Interest in the planting of trees on
private land may be highest in areas where forest resources are perceived to be reasonable but
in decline, rather than in areas which have been subject to severe shortages of tree products
for some time. The most active participants in any programme that seeks to assist farmers to
cultivate more trees on private land are likely to be farmers who have at least sufficient land
to be virtually self- sufficient in their food supply.

Farmers cultivating land lying above about 1,700m (or above the limit at which millet may be
relay cropped with maize to give two summer harvests on baari) are likely to be particularly
unwilling to cultivate trees in association with crops. There is no evidence for an interest in
tree cultivation being determined by caste. To date, it has been common for organizations
operating in Nepalese forestry to design private tree-planting programmes that bear little
relation to the situation on the ground.

RECOMMENDATIONS

The provision of seedlings to villagers could be greatly improved by a more "bottom-up",
participatory approach. The seedlings required by farmers for their own land might be better
provided from smaller, local nurseries over which villagers have direct control and projects
provide only materials and advice on request. So, the suggested new approach to seedling
provision would combine better overall monitoring of nursery initiatives with greater villager
patticipation in these nurseries. There should be clear, permanent and well publicized
legislation giving villagers assurance on following points: the presence of trees on their land
will not in any way adversely affect their claim to ownership of the land, and all the products
of trees growing on their land will be owned by to use as they like.
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MANAGING PUBLIC LANDS AS A COMMON PROPERTY .
RESOURCE: A VILLAGE CASE STUDY IN NEPAL

Chapagain, Debendra Prasad.
Ph.D. (1984)
University of Wisconsin, Madison, Wisconsin, USA

ABSTRACT

This study addresses the problem of public land use in Nepal from an institutional
perspective. In light of the distinction made between the open-access (devoid of any property
rights) and common property (collectively shared rules of entitlement) in the use of natural
resources, the present study develops an empirical basis to evaluate the relevance of these
two alternative institutions in the context of all hill village economy.

The present analysis involves inquiries into the nature of extractive activities on public lands,
the perception and awareness of public land-use problems and the current system of property
rights on these lands. In addition, a series of hypothetical experiments were conducted on the
repondents to test their willingness to contribute to the provision of, and refrain from
extracting benefits from, collective resources. The data were gathered by interviewing 140
households in the study area.

Major findings of this study are that: (a) there is consistency between the individual
behavioural intention and the collective interest among the households in the study area. This
is true both in the cases of contributing toward the provision of collective resources as well as
in expropriating benefits from an existing resource; (b) the willingness to contribute resource
is attested to by their actual acts of contribution; (c) the villagers are aware of the external
effects of natural resource use and are capable of devising institutional rules to minimise
these externalities, if entrusted with that responsibility; and (d) this process of institution
building could be strengthened by providing proper incentives on the part of the government,
rather than by introducing policies that would disrupt this process.

These findings are consistent with the co-operative actions that have been sustained over
generations among the rural communities. They also demonstrate the lack of support for the
behaviour of "free riding," as predicted by the conventional wisdom. '

The findings imply the need for promoting appropriate institutional arrangements in the local
areas with respect to resource use practices and by involving local residents in decision-
making. The community forestry program presently underway can be an important vehiclein
achieving these goals. FAEE

PROBLEM

According to preliminary estimates in 1979, the largest proportion (29.1 percent) of the total
land area (141,100 km2) was classified as forestland. Forest area had decreased by about five
percent over a period of five years. On the other hand, cultivated land had increased. These
opposite trends have raised concern among policy makers regarding the pressure on' available
land, and particularly on public forests, arising from an expanding population. This reviewiof
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past policies and development performance points to the fact that something has gone amiss
in the basic approach towards planned development. That part of the problem lay in
development being perceived by all as primarily the job of the government and in the failure
to recognise the role of local institutions in allocating and managing resources.

Closely related to these two factors are the government policies and strategies that were
adopted during the past plan periods. This study will explore the alternatives which can be
adopted to ensure economically efficient and ecologically sound strategies for material
property of the rural people of Nepal.

Given the alarming deterioration in environment and worsening trends in economic well-
being of the population, there appears to be an urgent need to develop an analytical basis to
devise alternative modes of resource management at the local level to stop the present trends
and to improve the material well-being of the people in the future, within the given
constraints of resource endowments and environment.

OBJECTIVES

To appraise the extent of land scarcity in the selected area of Nepal, to examine how
alternative institutional arrangements and property rights affect the use of public lands, and to
explore what alternative arrangements are possible for more effective use of these lands.
Specifically the study aimed: to assess the extent of existing pressure on land in terms of the
areas under different economic uses and the current nature of extractive activities on public
lands; to develop an empirical basis to evaluate the individual willingness to contribute to,
and expropriate benefits from, collective resources; to examine the nature of the conflict in
public land use associated with the kind of externality involved, namely, open-access or
common property; to appraise the current property rights on public lands; and to recommend,
on the basis of the findings, appropriate policy measures at the national and local levels to
ensure more effective utilisation of public lands both in the short term and in the long term.

METHODOLOGY

A comprehensive survey at the household level was conducted to gather information on
landholding and land use, cropping patterns, livestock, biomass production and use, and other
socio-economic and biophysical characteristics of the study area. Simple tabular analysis was
used to characterise the existing resource base and the extent of land scarcity. A series of
hypothetical experiments was conducted on the respondents’ willingness to contribute
xesource to the provision of collective goods and to refrain from expropriating benefits from
existing collective resources. Emphasis was given to examining local organisations such as the
panchayat and communal/ethnic associations and the hierarchical preponderance of the local
landlord/elite with respect to their structure and their effectiveness in local level decision-making
and enforcement.
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FINDINGS:
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Rural:households are likely to continue to rely heavily on public lands to meet their needs for
“firewood, .fodder ,and non-fodder biomass. Given the high concentration for population per

Pflit of cultivated land, the role of public lands as the main source of non-food biomass is
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bound to increase. Besides, growing land scarcity in the face of an expanding population is
going to pose increasing threats to the area and quality of public lands unless some drastic
steps are taken immediately.

The results from the hypothetical experiments conducted in this study strongly suggest that
individuals in a group are willing to contribute resources to the provision of collective goods,
including public lands. The same results were obtained when the respondents were asked
about their willingness to contribute resources in a non-experimental and non-hypothetical
sitvation. In fact, individual households had been contributing resources (mainly in the form
of voluntary labour) for the provision of such collective ventures as road and trail
construction, school building, digging of irrigation canals, and hiring of forest watchmen.

Parallel to the willingness to contribute resources to the provision of collective goods, the
households were willing to curtail their level of extractive activities on existing public land
when led to believe that such curtailment would help preserve the quality of these resources.
They would actually extract slightly less than what was regarded as a "safe" level. While this
result was slightly incongruous in the case of grazing on pasture, the evidence was strong in
the case of cutting firewood from the forests. While most households did not consider the
likely actions of others in making their own decisions regarding the extractive use of public
lands, they were nevertheless interested in making provision for a collective resource and in
preserving the quality of an existing resource, as shown above.

This led to the conclusion that, in a semi-traditional rural economy, the way in which the
mechanism of assurance works may be different than that which is predicted by the theory. It
was established, however, that free-riding based on strict dominance of individual strategy
was non-existent The concern for protecting the collective interest existed despite the absence
of a formal mechanism of assurance to co-ordinate individual actions. This phenomenon was
explained on the basis of the background ethic which operates informally as a built-in set of
beliefs and behavioural norms to regulate individual actions in a community. The background
ethic serves as a bridge between the actions of an individual and the collective interest.

Property rights on public lands are not clearly defined at present. There is a gap in the legal
versus the perceived status of these lands.

Government policies on public lands have, until recently, been predicated on stringent control
of these lands by the government and on excluding local communities from using and
managing them. Since 1978, however, there has been an official reversal of these policies by
making provisions for establishing community forests and for involving local communities in
their management. The new community forestry rules also require the government to provide
free saplings and technical advice to communities desirous of establishing community forests.
Yet the evidence from the study area showed that these policies have not been pursued with
vigour, although the government has largely been responsible for replanting trees and
employing forest watchmen.

RECOMMENDATION

It should be recognised that any policy has a space and time dimension and that policies
dealing with public land use can be no exception The spatial aspect can be viewed in terms of
local, regional and national level polices which complement one another in meeting the
objectives stipulated at the various levels. In this regard, the National Forestry Plan of 1976
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and the community forestry rules of 1978 have provided the necessary framework at the
national level. The task now is to implement these policies earnestly at the local level.

FURTHER RESEARCH

There are several areas which are relevant to the understanding of the utilisation and
management of public lands but which have not been addressed in the present study. Future
researches in public land-use problems should be directed to these areas as described below.

Firstly, there is a need for improving the methodological basis to analyse the assurance
mechanism as it applies to the use of collective resources in general, and public lands in
particular. In addition to the hypothetical experimentation method used in this study,
development of other alternative tools may enhance the analytics of assurance with regard to
the way rural communities devise institutional rules to minimise the transaction costs -- the
costs of information dissemination, bargaining, decision-making and enforcement --
associated with the co-ordination of individual actions. A better understanding of the
mechanics of assurance would help one understand the role of local institutions and their
efficacy in preserving public lands.

Secondly, a more comprehensive analysis is desirable in the area of the specific incentives
that the government can provide at the local and national levels in order to promote the
establishment of local organisations and encourage these organisations to devise appropriate
rules consistent with the preservation of the long-term collective interests of the local
communities.

Thirdly, with respect to the hypothetical experiment method used in the study, further
refinements are desirable in order to account for the possible biases that are associated with
such research methods.

To what extent such biases as strategic bias, information bias, instrument bias, hypothetical
bias and other biases (sampling, non-respondent and interviewer blases) affect the overall
results is certainly an important question.

Finally, the results from this study, and the conclusions derived from them, are based largely
on a single case study. Are these findings generalisable to other areas of Nepal or are they
specific to the sample used in the study? Only further evidence from other areas can provide a
satisfactory answer to this question.
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ABSTRACT

Between 1981 and 1983, 95 hog deer were captured and measured and 21 were radio collared
and monitored for 30 months. Maximum weights (mean for males = 42.7 kg; mean for
females = 32.2 kg) and lengths (mean for males = 127.8 cm; mean for females = 120.6 cm)
were reached at 2-3 years of age. Males were 32.6% heavier than females. Sex ratios
generally favoured females. Groups of more than 20 deer were observed during February
through April, after the first fires in the grasslands, but the basic social group consisted of an
adult female and her juvenile offspring. The peak fawning season was March through April,
but females gave birth from the end of January through April, about 7 months after
copulation. Litter size was normally 1, and the recruitment rate was estimated at 13%.
Population densities of hog deer in the study area, estimated by various methods, ranged from
15.5/km2 to 29.2/km?2 in tall grassland habitats to 0.13/km?2 in riverine forests. During all
seasons, the deer fed in the mornings and evenings and bedded and ruminated during the hot
part of the day. They were 41% active during the day and 26-29% active at night. Home
ranges overlapped extensively and mean home ranges of females and males were estimated at
60 and 80 ha, respectively. Seasonal home ranges differed little from yearly home ranges.
Home range shape was dictated by food and water. Small home ranges indicated that hog
deer were sedentary, preferring grassland where food, cover, and water were available.
Habitat use based on transmitter locations, pellet group counts, and direct observations
showed that hog deer preferred grasslands to sal and riverine forests. Foraging and feeding
behaviour, recorded inside an enclosure and from cafeteria trials, indicated that grasses, ferns,
semal flowers, and vellor fruits were the most important food items. Saccharum spp.,
Imperata cylindrica, and Cynodon dactylon comprised 70% of the grass species available as
food and cover, with an average mean green biomass of 2.6 kg/m2.

PROBLEM

Habitat destruction, human population pressures and food shortages are exerting pressure on
the natural resources of southern Asia, and Nepal is no exception. Habitat destruction and
related disturbances have become a serious threat to the survival of endangered species, such
as the tiger (Panthera tigris), leopard (Panthera pardus), thinoceros (Rhinoceros unicornis),
gaur (Bos gaurus), sloth bear (Melersus ursinus), gharial (Gavialis gangeticus), and dolphin
(Platinesta gangeticus), in the Chitwan Valley.

The hog deer (Axis porcinus) is listed as endangered in Thailand. Vietnam, and Bangladesh
by many researchers, but no attempt has been made prior to this research to study them
intensively. This study was initiated during September 1981 and continued until December
1983.
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It investigated several aspects of hog deer ecology and behaviour. Specific objectives were to
determine morphological features, population dynamics, sex and age ratios, group size and
composition, reproduction, mortality, movements, activity patterns, home ranges, habitat use,
food habits, food availability, and behaviour.

METHODOLOGY

Hog deer were trapped in the study areas between October 1981 and August 1983. Tangle
nets were 100 m long and 3 m high. They were constructed from local jute material in 20 m
sections with 25 cm mesh. The nets were hung on sticks or vegetation so that a light pressure
would collapse them and entangle animals that "hit" the nets. White bhit cloths, 200-500 m
long and constructed by tying 20 m x 15 m sections of muslin together, were hung on
vegetation and formed the wings of V-shaped funnels with the ends toward the tangle nets.
Such funnels were formerly used to shoot or capture tigers in Nepal.Hog deer were driven
from the open end of the cloth funnel with the aid of 4 to 10 elephants and up to 18 people.
Domestic elephants and crewmen were spread out across the funnel opening. The elephants
were kept at equal distances from each other to locate dangerous species such as rhinoceros,
tiger, leopard, sloth bear, and wild boar (Sus scrofa). Hog deer were handled by 2 people. All
deer were fitted with plastic collars that identified each individual. From January 1982 to
August 1983, 95 deer were captured and marked.

Twenty-one of them were fitted with radio collars.Nine deer caught in tangle nets were
drugged with intramuscular injections of Rompun (xylazine) at the capture site. Rompun was
used as a drugging agent because it was easily available and had a wide margin of safety.
Therefore, doses could be repeated frequently. The drug was administered to hog deer at a
mean dosage of 3.8 mg/kg to test its effect on the animals.Fawns less than 1 month old were
located by the Tiger Ecology Project shikaries by walking through the grasslands and by
observing the behaviour of adult hinds during the parturition season. Four fawns were
captured by hand.Feeding and food habits of hog deer were recorded from: (1) direct
observations of the deer feeding in the wild; (2) direct observations of 6 animals feeding
inside an enclosure large enough to support them in semal/savannah habitat; and (3) from

cafeteria trials. Food habits in riverine or sal forests were not investigated because hog deer
avoided both.

FINDINGS

During all seasons, the deer fed in the mornings and evenings and bedded and ruminated
during the hot part of the day. They were 41% active during the day and 26-29% active at
night. Home ranges overlapped extensively and mean home ranges of females and males
were estimated at 60 and 80 ha, respectively. Seasonal home ranges differed little from yearly
home ranges. Home range shape was dictated by food and water. Small home ranges
indicated that hog deer were sedentary, preferring grassland where food, cover, and water
were available. Habitat use based on transmitter locations, pellet group counts, and direct
observations showed that hog deer preferred grasslands to sal and reverine forests. Foraging
and feeding behaviour, recorded inside an enclosure and from cafeteria trials, indicated that
grasses, ferns, semal flowers, andvellor fruits were the most important food items. Saccharum
spp., Imperata cylindrica, and Cynodon dactylon comprised 70% of the grass species
available as food and cover with an average mean green biomass of 2.6 kg/m?.
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RECOMMENDATIONS

Illegal cattle grazing by local villagers, illegal grass cutting, and grazing by more than 30
domestic elephants occurs mainly in the grasslands. This may constitute excessive pressure
on the grassland habitat, or may be beneficial to maintaining short grasses, but the ecology of
the grasslands has not been studied. Therefore, research should be conducted to determine the
effects of grazing by large ungulates on the grassland for hog deer. When designing such
plans, the following points should be considered: :

D

2)

3)

4)

3)

6)

7)

Further research should be conducted on large ungulates in Chitwan Park (chital, sambat,
hog deer, barking deer, rhino, gaur, and cattle), including food habits, habitat use, and the
quality and quantity of food required to maintain healthy populations.

A rotational grazing system for the 30 domestic elephants should be devised that
facilitates research on the effects of heavy grazing on the grasslands. An elephant needs
to feed for 17-19 hours a day to maintain its body condition and consumes an average of
150 kg (wet weight) of vegetation in a day; grass accounts for almost 80% of the diet.
Thus, heavy grazing could easily be applied or removed by means of elephants.

Tall grasses such as Saccharum spp. are slowly invading the short grasslands. This will
reduce the food availability but will increase escape cover. Experiments should be
conducted on increasing interspersion of food and cover by burning small patches within
tall grasslands. Salt in burned patches would attract ungulates, especially rhino.

More grassland habitat should be created by clearing 20-30 ha patches of sal forest on flat
areas where danger of erosion is minimal. This would increase habitat diversity, food for
hog deer and other ungulates, and ultimately food for the endangered tigers and leopards.

Hog deer should be introduced within the Park in such new habitats if they are far away
from the present grassland.

Reintroduce wild buffalo and swamp deer to an isolated area of the Park, and study their
interactions with grasslands. This should extend the range of these endangered species
and eventually provide another food source for leopards and tigers.

Representative areas of 3 ha each within the vatious plant communities should be marked,

and 1000-point surveys conducted on each at 3 to 5 year intervals to establish trends in
plant succession, species composition, and basal area plant cover.
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ABSTRACT

This study was designed to provide insights into one of Nepal's most pressing problems - how to
stop public lands from deteriorating while meeting the basic needs of subsistence farmers for
forest products from these lands. In this regard, it attempts to document the practices of forestry,
grazing and agriculture that are competing to use public lands and the relation of these practices
to land degradation and determine if present needs, distribution of benefits, and labour
requirements could influence the co-operation of farmers with controls on public land use.

The tree centered quarter method was used to sample the Panchayat forests, and stratified
sampling of house holds was chosen. The 31 chosen households were interviewed on a
randomly selected day, weekly for a year. A time allocation survey also was conducted in
all of the sample households to estimate accurately the amount of time devoted to different
tasks each day.

Overgrazing is the major cause of degradation on public lands. The study also has shown that
the present needs of small farmers for forest products from public lands and the conflict
between these needs increased productivity on public lands can hinder the adoption of land
management plans on these lands.

Meeting local needs will require trade - offs which will become increasingly difficult to make
as the population increases. Although maximum amounts of food, fuel and fodder cannot be
grown on the same ground, a recognition of the significant demands, as well as of their
consequences on land degradation, may help planners design more workable and acceptable
land management plans. Various recommendations were made based on the findings of this
study.

PROBLEM

Over 240 million cubic metres of soil are estimated to be eroded from the hills of Nepal
annually. The human and environmental costs of this erosion are staggering. Subsistence
farmers in the Nepali hills are dependent on the fertility and stability of their agricultural
lands, and on the quality, quantity, and constancy of their water supplies.

The main source of soil erosion in Nepal, however, does not appear to be terraced agricultural
lands; rather, it is public lands--unterraced forests, scrub lands, and pastures. The Resource
Conservation and Utilisation Project paper states: "Ecologically damaging land use practices
are primarily conducted on public lands which are now legally owned by the government,
lack systematic management, and for which the benefits from individual restraint (e.g.
overgrazing, overlopping) or investment (e.g., fencing, plantation) are insecure and
ambiguous."
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Subsistence farming in Nepal is based on a man-land cattle-forest relationship. Forests and
grazing lands are essential to this system because they provide tree and grass fodder for
livestock feed, leaf litter for roofing and composting, wood for fuel, timber and poles, and
various medicinal and food plants. Farmers' needs for these products are major causes of land
degradation in Nepal.

Nepal can afford neither the environmental costs of allowing its forests and grazing lands to
be wasted nor the loss of forest products from the subsistence farming system. The public
forests and pastures of Nepal need to be managed so as to minimise the destructive forces of
deforestation and soil erosion, and to maximise the amount of forest products available for
consumption by farm households

OBJECTIVES

This study describes the public and private lands of a Nepali village and how they are used
for meeting farm needs. The objectives of the study are to: 1) document the practices
(agriculture, grazing, and forestry) competing to use public ands and the relation of these
practices to land degradation; and 2) determine if present needs, distribution of benefits, and
labour requirements could influence the co-operation of farmers with controls on public land
use. In meeting these objectives, the study attempts to answer the following questions:

1) What land-use practices compete to use public lands, and what is the relationship between
land use and land degradation ?

2) How important are forest products from public lands to subsistence farmers ?
3) Do farm-size groups have different interests in how public lands are used?

4) What are the labour requirements for collecting different forest products?

METHODOLOGY
Land-use and Land Area

The relevant land use categories in this study were considered to be: 1) arable lands, 2) sal
forests, and 3) Schima-Castanopsis scrub/grazing lands.The area of forest and scrub/grazing
lands was checked by mapping sample sites with a compass and tape measure.

Forest Inventory

The Panchayat's forests were sampled with the tree centred quarter method. In each of the
two forest communities, 4 forest/scrub lands were randomly chosen. On each of these 8
pieces of land, 16 points were randomly selected. The tree closest to the point was then
chosen as the base tree. In each compass quadrant from the base tree, the distance to the
nearest tree, the tree species, and its diameter at breast height (dbh) were recorded.

Sample Population

Data on village demands for forest products were collected between December 1981 and
December 1982. A stratified sample of households was chosen by compiling a census of
village households with village informants. Households were interviewed on a randomly
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selected day, weekly for a year.
Time Allocation Survey (TAS)

A TAS was conducted in all of the sample households. All individuals older than 5 years
were observed at 3 randomly selected times each week. Their activities were recorded on a
form listing most of the jobs and leisure activities in the village.

FINDINGS

This study has shown overgrazing is the major cause of degradation on these lands. The study
has also shown that the present needs of small farmers for forest products from public lands
and the conflict that can arise between these needs and the desire of larger farmers for
increased productivity on public lands can hinder the adoption of land management plans on
these lands. On the positive side, large and medium size farmers are interested in managing
public land for increased productivity. Since village leaders are included in this group it is
possible that a strong community land management programme can be initiated in the village.

Meeting local needs will require trade-offs which will become increasingly difficult to make
as the population increases. Although maximum amounts of food, fuel, and fodder cannot be
grown on the same ground, a recognition of the significant demands, as well as of their
consequences on land degradation, may help planners design more workable and acceptable
land management plans.

In terms of land-use practices, one of the major conclusions of this study was that a potential
for conflict among farm-size groups exists over the use of public lands.

RECOMMENDATIONS

In terms of managed lands, more research is required on increasing forest productivity. Since
tree fodder and firewood are the most important forest products, research is needed on
planting quick growing species at close spacing for the fastest possible production of
large quantities of biomass. Research is also needed to document the effects of controlled and
rotational grazing programmes on grass production and soil erosion rates. Methods of
increasing the productivity of fodder and firewood supplies on private lands also need to be
studied more.

A careful study of decision making in the village and of how farmers participate in this
process needs to be made.

In addition, studies of indigenous resources management systems, patterns of community co-
operation, and ideas and institutions relevant to resources utilisation would be useful. Studies
are also needed on the effects past development projects have had on the receptiveness of
villagers to development projects, villagers' attitudes towards development inputs and
extension agents, and their felt needs and interests in various proposed land management
activities.

Finally more village-level studies such as the present one are essential for understanding the
man-land relationship in Nepal. More intensive land-use studies are needed across Nepal
under different environmental and cultural conditions.
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ABSTRACT

A new paradigm has emerged within forestry termed social forestry. Social forestry assumes
that the aggregate benefit of a project to a village leads to people within it. In particular it
assumes that at least some of the benefits will percolate to the major users of forests-women
and poor.

This thesis reveals that although an intent of social forestry is to help the poor and women,
class and patriarchal structures limit their access to and control over forests, and their
participation in social forestry projects. But the notion of gender and class as theoretical
abstractions remain remote from the daily lives of individuals, and the experience of each
person and the relationships into which they enter are constructed by the workings of these
notions. Gender and class are shown to be real constructs which determine the way in which
individuals interact and how resources are allocated between individuals. Social realist
methodology is used here to explain the appearance of relationships at the empirical level.

The study is placed within the lived experiences of villagers in two panchayats in Nepal
where forests are a resource essential to life. To understand the current formation of
individuals' complex reality their relationships are placed within a wider historical
framework.

The patriarchal construction of society places ownetship and control of resources with men,
and so women are subordinated through relations of production, and control over their labour
power. Empirical experience reveals women of all classes are dominated through
relationships of human reproduction. The class construction of society ensures that some
women are dominated by women of higher class, and that some men of a lower class are
dominated by men and women of higher classes. Thus each individual's relationships are
determined by this complex reality of the articulation between class and gender.

ROBLEMS

Forestry is not about trees, it is about people. And it is about trees only insofar as trees can
serve the needs of people.

A new paradigm has emerged within forestry which is termed social forestry. Social forestry
subsumes a number of other forms of forestry which all have the common denominator of
people.

Social forestry has a declared intention of helping the rural poor and involving women in the
projects and the decision-making within them. Social forestry affects women's lives
particularly because in many countries it is they who are the major users and labourers in the
forest resources
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Social forestry makes the assumption that the aggregate benefit of a project to a village leads
to benefits to the people within it and that at least some of the benefits will percolate to those
most in need. It also assumes women's participation in the benefits from projects.

The question is whether the assumptions of social forestry have any validity. Historical
materialism alone does not allow for the emergence of the individual; rather it speaks of
classes of human subjects and ignores their essential relations of gender. Although the
man/woman contradiction cuts across social formations and modes of production, the
particular form that relations take between men and women are historically and materially
specific. Therefore an explanation of an individual's social reality is dependent on an
understanding of the formation of an individual's relationships: For each individual is the
synthesis not only of existing relations, but of the history of these relations.

The notions of gender and class as theoretical abstractions remain remote from the daily lives
of individuals. However, the experience of each person and the relationships into which they
enter are constructed by the workings of these notions. Gender and class are real constructs
which determine the way in which individuals interact and how resources are allocated
between individuals; who owns resources, and who controls them. It is the confluence
between gender and class and the determination of access to and ownership of the major
means of production - land, raw materials such as forests, and control over labour in and
between households which forms the focus of this study.

METHODOLOGY

The fieldwork was carried out over a continuous period of 9 months, (from June 1986 to
February 1987) divided between two village panchayats, Tukucha and Banskharka. The
research methodology drew on techniques of oral history and popular memory. The use of
oral history was to enable villagers to express their own understanding of their relationships.
The foci of the research were the relationships between males and females and resource use
decision-making, and personal experience as a white, female, single, middle-class researcher
was obviously part of the nature of the problematic.

The focus was on the social relationships between individuals that determined their access
and rights over land as a means of production and forests as a raw material essential to the
maintenance of life.The theoretical relationships between class and gender were addressed at
the empirical level through the lived experiences of individuals.

Realist methodology allows for the primacy of individuals and for the expression of their
experiences of their relationships. Methods of oral history were used to allow individuals to
reveal their perceptions of their relationships.The historical specificity of relationships
necessitates an understanding of their historical formation. Historical materialist theory was
used to posit individuals within their historically contingent circumstances.

FINDINGS

This study has revealed the real construction of the world by the universal categories of class
and gender. It has examined this construction in two panchayats in Nepal to expose the
relationships between individuals and the determination of their access to and ownership of
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the major means of production - land and an essential raw material - forests, and the control
of labour in and between households.

Social realist methodology provided a powerful framework with which to explain the
appearance of these relationships at the empirical level by use of levels of abstraction. Class
and gender as determinants of an individual's social reality are not observable at the level of
appearances, but they are observable through the relationships that they engender. Thus the
social realist methodology provided a framework to explain the mechanisms through which
class and gender generate these observable relationships.

Levels of abstraction within reality allow for the articulation between other factors such as
caste and ethnicity that operate at lower levels of abstraction. The complex reality of
individuals is not just composed of class and gender relations, it is articulated with caste and
other cultural factors. Through the empirical studies it was shown that class, gender, caste
and ethnic group articulate as contradictions each with its own dynamics. These internal
dynamics continue to operate, while elements from other contradictions dominate and
obscure the ultimate appearance of the contradiction at the level of appearances.

The importance of this analysis lies in the conjunction and articulation between production
and human reproduction.The patriarchal construction of society places the ownership and
control of resources with men, and so women are subordinated to men through relations of
production, and control over their labour power. Empirical experience reveals women of all
classes to be dominated through relationships of human reproduction. These relationships
gain their greatest expression through the working of the Hindu caste system. Here women
are oppressed through the constructs of purity that define their relationships with men and
ensure that they remain in an inferior position to men. Relationships which determine human
reproduction tend to be subsumed by those of the production process.Thus women are
subordinated to men who control the means of production,and women become an instrument
of labour in both the reproduction and production process.

In the two panchayats studied, class is obscured to some extent by the operation of caste and
ethnic groups. Gender relations transcend divisions based on ownership of the means of
production, but women as a group are also divvied by class, some women dominating other
women through their greater access to the means of production.

The emergence of Nepal as a tributary state within a world system dominated by the
imperialism of Britain affected rural producers and determined the construction of
mechanisms of surplus extraction. Control over land and labour was vested in those who
supported the state, leading to the formation of the landlord class; a class founded on systems
of extortion and exploitation. The formation of exploitative social relations between the
owners and non-owners of the means of production and the reinforcement of these
relationships through the over-arching Hindu caste code form the basis for mechanisms of
current structures of exploitation and differentiation.

The social realist construction of forests makes the relationships that control access to and
ownership of forests central to the thesis. The incorporation of local areas into larger systems,
from the Gorkha empire to the British empire, to the modern world system and now the age
of aid, has widened the relationships that women use and access to forests at the local level.

The construction of a global forestry was examined through the historical emergence of
forestry as an institution, and the changes within the profession propelled by its incorporation
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into wider development debates: from a forestry for 'modernisation' to a forestry which
included notions of sustenance of 'basic needs'. The assumptions on which 'traditional’
positivist forestry practice are founded have been questioned. The assumptions of a
traditional forestry paradigm that insists on the primacy of trees and not people is challenged
by social forestry which has as its intent people and theirinteractions with trees.

The changes within forestry practice are not seen in terms of a paradigm shift. The
assumptions on which 'scientific' and positivist forestry are based are questioned from
outside the traditional forestry paradigm. However, there are two stages in paradigm
development: normal and revolutionary. In the normal phase the scientist's work is devoted to
the understanding and wider application of the accepted paradigm, which is not itself
questioned or criticised. Thus the forest scientist constructs the world order through the
assumptions of a traditional forestry paradigm which insists on the primacy of trees and not
people. Problems arising out of the practices of social forestry have their solution therefore
within the explicit or implicit framework of this paradigm, and will direct the solutions to the
problem accordingly. However, in those periods of revolutionary change, the base
assumptions of the paradigm are challenged. Scientific revolution occurs when a new
paradigm emerges with a new set of base assumptions which will direct understanding of
problems. However, such a complete change cannot fully occur until the emergence of a new
generation of proponents of the new paradigm.
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ABSTRACT

The objectives of this thesis were to examine habitats, diet, ranging pattern, habitat
preferences and demography of a founder population of greater one-horned rhinoceros
(Rhinoceros unicornis) released in Royal Bardia National Park in 1986, and to compare these
ecologies of the founder with that of the donor population in Royal Chitwan National Park.

A microhistological technique of fecal analys is was assessed as a method to determine the
diet of rhinoceros and was later employed to study the seasonal diets of both populations.
Floristic composition of habitats and availability of food plants were determined by quadrat
sampling along the transect lines in Bardia and in Chitwan. In Bardia, 10 rhinoceros were
radio-collared to examine the ranging behavior and seasonal preference of habitats. Data on
demography of the translocated population were obtained from the radio-matrked animals and
supplemented by observations derived from foot tracking by park staff before the main field
study was initiated. Spacing behavior of the donor population in Chitwan was available from
radio-tracking of five animals and information on demography of the donor population also
was made available.

The microhistological technique provided satisfactory results for determining the diet of
rhinoceros. More than 90% of the plant species were identified. Volumetric contribution of
plant species that were moderately and less preferred in the diet was sensitive to sample sizes,
and samples from < 8 animals and reading of >20 slide transects/animal were required to
estimate > 90% of the volume contributed by these species. Pooling samples and recording
the frequency of fragment interception rather than measuring the size of each fragment, were
less time consuming and had little effect of level of precision.

Floristic richness was higher in Chitwan than in Bardia (283 and 179 species, respectively).
Among important food plants Saccharum spontaneum (grass) and Mallotus philippinensis
(browse) were more. abundant in Bardia, whereas Saccharum bengalensis and Narenga
porphoycoma (grass species) and Trewia nudiflora, Litsea monopetala, Coffea bengalensis
and Murraya paniculata (browse) were more abundant in Chitwan. The diet of both
populations was dominated by grass species (> 60%), mainly Saccharun spontaneum.
Animals in Bardia exploited more browse than in Chitwan during winter and hot seasons,
probably due to lower productivity of Saccharum, attributed to lack of ample substrate
moisture during these seasons.

Contrary to Bardia, Chitwan animals exploited more browse species during the monsoon,
mainly due to better access to Trewia nudiflora fruits. Although some species were
selectively eaten in each season, the general pattern of food plant consumption was related to
the abundance of food plant species in the habitats, confirming that the greater one-horned
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rhinoceros is a generalist feeder like other species in this family of megaherbivores.

The average annual home range sizes of the Bardia population were 25.1 (9.3 km?2 for
females (N = 8) and 41.8 ( 4.4 km2 for males (N = 2), whereas in Chitwan female (N = 4)
and male (N = 1) home range sizes were only 2.9 ( 0.9 km2 and 3.0 km, respectively. Larger
range size among males was explained by their seasonal ranges being further apart than those
of females.

The pronounced differences in ranging behavior between the dense donor population (8-10
animals/km?2) and the dispersed founder population (ca 0.3 animals/km2) were attributed to
low density combined with a highly skewed breeding sex ratio, and to a fragmentated
distribution and small patches of seasonally preferred habitats in Bardia. Khair-sissoo was the
most preferred habitat during winter, riverine forest during both hot and winter seasons, and
tall grassland during the hot and particularly during the monsoon season.

After translocation, the founder population bred at the same high rate as recorded in the donor
population in Chitwan: mean calving interval was 4.3 years (N = 4), age of first potential
breeding among females was 5 years (N = 1), and a young male bred successfully at 10 years
of age. Furthermore, most translocated females conceived soon after they had been released.
A total of 11 calves were born during the 8 year period. However, the total number of
animals increased only from 13 to 15, mainly due to direct and indirect affects of poaching.
Number of animals lost to natural causes (maximum 3) was minimal. The high breeding rate
and low natural mortality rates of calves and adults indicate that habitat quality in Bardia is
quite adequate. If poaching is brought under control, the population is expected to increase at
maximal rate in the coming years. However, an increase in the rhinoceros population in the
Karnali floodplain of Bardia is likely to escalate the conflicts with local people, as animals
have already caused substantial damage to agriculture outside the park.

PROBLEM

The greater one-horned thinoceros (Rhinoceros unicornis, henceforth termed rhinoceros) is
listed as one of the world's most endangered species of megaherbivores. It once inhabited
most of the Indus, Bramhaputra and Gangetic floodplains and nearby foothills of south Asia.
Due to illegal hunting and habitat clearance, thinoceros are now restricted to small isolated
populations in protected areas on the Indian sub- continent, mainly in Nepal and India. At
present only two populations contain more han 300 individuals, Royal Chitwan National Park
in Nepal, and Kaziranga National Park in India.

In Nepal, Chitwan valley harboured about 1000~ rhinoceros until 1950. Indiscriminate
poaching and destruction of prime habitats between the mid-1950s and 1960s drastically
reduced this population to about 100 animals. However, with the creation of a national park
in 1973 and adequate protection the population at Chitwan has now revived to about 400
individuals.

To establish new viable breeding populations and to protect this species from natural

calamities and disease several rhinoceros have been translocated from Chitwan to Dudhwa
National Park in India and to Royal Bardia National Park in Nepal.
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This thesis examines food ecology, habitat preferences, ranging behavior and demography of
the population of thinoceros in Bardia 4 to 6 years after translocation. These ecological
attributes of the founder population are compared with those of the donor population based
on similar data collected in Chitwan.

METHODOLOGY
Assessment of the Microhistological Analysis of Fecal Samples for Determining Diet

The study was carried out in the south-western corner of Royal Bardia National Park and the
north-eastern section of Royal Chitwan National Park in lowland Nepal. Two sets of fresh
dung samples (N = 10 from known animals and N = 20 from unknown animals) were
collected in Chitwan over a 3 day period during the monsoon of 1993. The 20 samples from
unknown animals were pooled into subsets of 5, 10, 15 and 20 to examine intraspecific
variation. Five microscopic slides were prepared from each of the ten known samples and
from each of the pooled samples from unknown animals. Various parts of > 100 plant species
were used to prepare reference slides. Identification of each plant species in the fecal sample
was based on epidermal characteristics. The line intercept method was employed to estimate
the proportion of different plant species.

Comparing Habitat and Diet of the Donor and Translocated Populations.

Quadrat sampling (N = 280 in Bardia and N = 191 in Chitwan) along transect lines was
employed to describe floristic composition and availability of food plants in both areas. The
minimum number of quadrats needed to describe floristic composition of each habitat type
was determined by constructing species area curves. In each 10 x 10 m quadrat, the percent
cover of each plant species assumed to be available for rhinoceros (< 3m height) was
estimated and later used to calculate prominence values. Diversity and similarity of plant
species in the two areas were then compared.

Microhistological analyses of fecal samples were used to determine seasonal food habits of
both populations. In Bardia, fresh fecal samples (N = 354) were collected between January
1990 and June 1991. Individual samples in each month were dried, ground and pooled. Food
habit data from Chitwan (N = 480), collected during 1985-1986 were used to compare with
the data for the Bardia animals.

Ranging and Habitat use of the Translocated Bardia Population

Ranging behavior and habitat preference by the translocated Bardia population were
examined by recording the movement patterns of 10 animals captured and radio-marked
beween 1990 and 1993. All animals were immobilised. A total of 1641 locations were
obtained over a 3-year period. Spacing behavior of the Bardia animals was compared with
that of the donor population (Chitwan) based on tracking data (N = 652) obtained in Chitwan
during 1985-1987from five radio-marked animals.
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Performance of Translocated Bardia Population

Data on initial dispersal of the translocated animals in Bardia were obtained mainly by park
staff who tracked rhinos on foot until this study was initiated in 1990. Data on demography
were collected from 10 radio-instrumented animals intensively monitored during the 3-year
(March 1990 - March 1993) field study, supplemented by data collected by park staff before
the study was initiated.

FINDINGS

Microhistological Analysis

Microhistological analysis was found to be a reliable method for estimating the composition
of the diet. However, sample size (slide transects and number of animals) was found to be
critical for estimating the range of plant species and their volumetric contribution in the diet.

Habitats and Food

In general, species richness was higher in Chitwan than in Bardia (283 and 179 species
respectively). Among all habitat types, tall grassland in Chitwan was the most diverse (131
species), whereas this habitat type was least diverse in Bardia, consisting of only 79
species. Mild grazing and availability of adequate substrate moisture were explained as the
two major factors contributing to such a high diversity in this habitat in Chitwan. Availability
of food plants varied between the two areas. Among the staple food plants, Saccharum
spontaneum (grass) and Mallotus phillippinesis, Caamus tenuis and Dalbergia sissoo
(browse) were more abundant in Bardia, whereas Saccharum bengalensis and Narenga
prophorycoma (grass) and Trewia nudiflora and Litsea monopetala (browse) were more
abundant in Chitwan. Two important browse species, Murraya paniculata and Coffea
bengalensis, were not recorded in the study area in Bardia.

The annual diet of rhinoceros was dominated by grass species (> 60%) in both study areas,
but the proportion of plant groups varied markedly with the seasons. The highest proportion
of grass species was recorded during the monsoon (92%) in Bardia and during the hot season
in Chitwan (86%), and the lowest during the winter season in both areas (42-57%). Browse
constituted the highest proportion during the winter and hot seasons in Bardia and during the
winter and monsoon in Chitwan.The higher proportion of grasses during the hot season in
Chitwan was explained by the availability of high quality Saccharum spontaneum which
keeps sprouting immediately after grazing, cutting or burning, due to high substrate moisture.
In Bardia, low substrate moisture retards grass species from sprouting until the first rains in

| Jatter part of the hot season. As a result, animals here exploited more of browse species
\during the dry seasons than they did in Chitwan. The higher proportion of browse species in
Chitwan during the monsoon was due to better access to preferred Trewia nudiflora fruits.
Although rhinoceros fed selectively on some species in each season, animals in both areas
exploited food plants in proportion to their availability, thus confirming that this rhinoceros is
a generalist feeder.
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Ranging Behavior and Habitat Preference

Five years after translocation, the annual home ranges for males and females in Bardia were
estimated at 41.8(4.4 km2 and 25.1 (9.3 km?2, respectively, whereas in Chitwan they were
only 3.3 km2 for one male and 2.9(0.9 km2 for females. In Bardia, the larger annual home
range of males was due to seasonal ranges being spaced further apart than those of females
and more extensive movements presumably in search for mates. Within social groups, there
were no differences in seasonal range sizes in different seasons, except females with small
calves (< 1 year old) had smaller home ranges than other social groups during the hot and
MoNnsoon seasons.

In Bardia, habitat preferences varied with the seasons, with riverine forest generally being
preferred during the two dry seasons, khair-sissoo forest during winter and tall grassland
during the monsoon. During the dry seasons, good quality grass is less available in the tall
grassland habitat in Bardia than in Chitwan. As a result, animals switched to browse species
basically confined to khair-sissoo and riverine forests.These habitat types are fragmented into
smaller patches throughout the north-south elongated floodplain, resulting in increased
movement during the dry seasons. Besides, longer distance to agriculture during winter also
increased animals' range size in Bardia. During the monsoon, animals were mainly confined
to the tall grassland habitat, like in Chitwan. However, due to smaller relative size and a more
fragmented distribution of this habitat type in Bardia, seasonal range size was larger than in
Chitwan. In contrat to Bardia, the Chitwan habitats consisted of alarge block of riverine forest
surrounded by a continuous large tract of tall grassland which is productive throughout the
year due to adequate soil moisture.

Annual and seasonal home ranges were all more than 8 times as large in Bardia. At the same
time, animal density was more than 25 times larger in Chitwan. However, the difference in
ranging behaviour was most likely due to the different spatial distribution of preferred
habitats. In Bardia, seaonally preferred habitats were fragmented into small patches and
cultivated fields were located further away from the natural core areas than in Chitwan.

Performance of the Translocated Bardia Population

Following extensive and erratic dispersal after being released, five years later the Bardia
population had settled in a large home range of ca 28 km?2 after the release in 1986 nearly all
breeding age females had calved by 1994. Two females were pregnant before translocation
and calved within expected time intervals in the new environment. Four females calved twice
with a mean calving interval of 4.3 years, similar to the calving interval reported among the
donor population in Chitwan. One or two breeding age founder females did not conceive
during the 8- year petiod, probably due to their very scattered distribution combined with a
highly skewed breeding sex ratio of 1 male to 8 females.

Considering the good breeding performance and high natural survival rate of calves and adult
animals, the habitat in Bardia appears to be of adequate quality to sustain a small viable
population of rhinoceros. Recent habitat and food studies also support this. However,
problems of conflict with local people have already emerged as animals frequently move
outside the park boundary and raid agricultural crops. With protection from poaching, the
population is expected to increase at maximal rate which will escalate the problem of human
conflicts in the future.
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ABSTRACT

This study examined the extent of participation of members of forest user groups (FUGs) in
community forestry programme, namely decision making, implementation and benefit sharing.
The study, which was conducted in the hills of Nepal, also examined the factors associated with
participation.

Adopting the survey research method, a pre-tested interview schedule was administered to a
randomly selected of 200 respondents from 10 selected FUGs. Office records, informal
interviews, direct observation and small group discussions were the other sources of
information.

The forest users who formed a heterogenous group in terms of the socio-demographic attributes,
perceived the current community forestry programme as being a better approach to forest
management because of its more people-centered nature. The shifting of forest management
authority from the government to the FUGs was the most appreciated aspect of the current
community forestry programme. Hand-over of forests was also strongly felt by the local
residents as the need for managing forests.

By and large, the level of participation was medium and/or low. High level of participation
prevailed only among a small proportion of forest users.

The more active participants included those forest users who had pluralistic organizational
membership, those who belonged to smaller FUGs, who percieved adequate government
support, who had better linkage with their peers as well as executive members of forest user
committee (FUC) and government forestry personnel, who were better informed of programme
activities, and those who derived satisfaction from the community forestry programme. The
study indicated that those who perceived greater administrative decentralization and
empowerment of individual participants as important aspects and those who had favorable
attitude towards government intervention also tended to demonstrate a higher degree of
participation. Various suggestions were made based on the above findings of the study.

PROBLEM

People's participation is the basic strategy of the community forestry programme. It aims at
involving people in planning, implementing and decision-making aspects of forest management,
development, production and protection. Various reviews have shown however, that despite
continuous and conscious efforts towards promoting the level of participation, active
participation of the real forest users in the programmes has been quite low. But none of these
have pointed out to any specific reason for the emergence of such disappoiting situation, nor any
proof has forwarded in an empirical manner. The extent of people's participation in benefit
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sharing and evaluation of the programme have not been pointed out either.

OBJECTIVES

It is reasonable to expect that there exist certain factors that affect people's participation.
Therefore, one of the major concerns of this study is to look, at the empirical level, whether
participation can be enhanced by identifying the factors related to it. Given the reality that
people's participation is a must for the successful implementation of the community forestry
progtamme, this study attempted to address the following questions:

1) Is it the heterogeneity among local participants in terms of socio-demographic
composition that often lead to variation in levels of participation?

2) Is the existing institutional arrangement conducive to the forest users and the Forest User
Groups for participation?

METHODOLOGY

The study was conducted in three selected village development committees (V DCs) of Dhading
District. A multi-stage sampling technique was adopted for selecting the subjects. From these
VDCs, 10 FUGs were puposively selected. A total of 200 respondents were proportionately
selected through a simple tandom sampling method from an accessible population of 570
household members from the 10 FUGs. The household members so selected served as the unit
of enquiry and analysis for the study.

A multi-method approach of data collection was utilized in order to accomplish the research
objectives. However, the study method constituted the main tool of information gathering. Other
methods employed for gathering additional data were personal observations, informal interviews
and group discussion. Data were also sought from secondary sources.

Both descriptive and inferential statistics were used to describe the data and draw meaningful
conclusions. Cross-tabulations were carried out to set up frequency distribution of one attribute
against another. The dependent variable for this study was participation. There were three
aspects of participation examined, namely decision-making, implementation and benefit sharing.
Five clusters of variables, namely socio-demographic, institutional, stuctural, linkage and
situational were the independent variables.

FINDINGS
1) Forest Users and Forest Management

Forest users formed a heterogeneous group in terms of their socio-economic and demographic
characteristics. This social group was heavily dependent on tree products to meet their basic fuel
and fodder needs. The major sources of these products were the national forests and community
forests. In general, the local inhabitants perceived the current communiy forestry development
program (CFDP) as an appropriate approach for the management of forests with involvement of
the local community. Satisfaction expressed by a majority of the FUGs members, provision for
shifting of management authority over the forests from the government to the FUG, rather than

41




Factors Influencing Participation of Members of Forest User Joshi, Neeraj Narayan.
Groups in Community Forestry in the Hills of Nepal

to any other units within the government administration, and improved situation of forests were
some of the significant aspects indicating the present CFDP as a right approach. On the other
hand, the feeling among the forest users for the necessity of handing over of forests to the user
groups was very strong, as a number of FUGs have not had the forests handed over to them. The
low level of participation among some FUG members could be attributed partly to this fact.

2) Organizational /Structural Elements of FUG

General assembly' was the kind of decision-making pattern that was perceived as being the

most influential as well as preferred by most of the FUG members. Almost all the FUG
members indicated the need for their FUGs to be in more formal mode rather than being in
informal or less formal one. They also meant that the more formal their FUGs, the more
accountable the group members held for their responsibilities.

3) Communication and Extension in CFDP

A majority of the forest users had frequent interactions among themselves and with the office
bearers of the FUG. But their interaction with the government forestry personnel was not as
frequent. Most forest users preferred the ‘radio programme' as a medium of communication to
the “printed material'. Similarly, ‘rangers and assistant rangers' were preferred to “forest guards'
as the source of information. Most forest users had not undergone any training in forest
management and related aspects. A strong feeling indicating a need for such training among
forest users was very explicit.

4) Situational Aspects of Participation

The physical conditions in the study area did not seem to be favourable to all of the FUG
members for them to participate in forest management activities. Although the majority of the
local people appeared to be satisfied with the current community forestry programme, there
were still a good number of them who were not able to derive satisfaction from their
participation. Dissatisfaction on the part of the participants could be one of the reasons for low
level of participation.

5) Extent of Particiapation and Associated Factors

By and large the level of participation, measured along five clusters of factors, was medium
and/or low. High level of participaton was found only among a small proportion of forest users.
The more active participants were among those forest users who had pluralistic organizational
membership, who belonged to smaller FUGs, who perceived adequate government support, who
had better linkage with their peers as well as executive members of forest user comittee and
government forestry pesonnel, who were better informed of programme activities, and also those
who derived satisfaction from the community forestry programme. Those who perceived greater
administrative decentralization and empowerment of individual participants as important aspects
and those who had favourable attitude towards government intervention also tended to
demonstrate a higher level of participation.
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RECOMMENDATIONS

1. A monitoring system should be established within the FUG for periodical appraisal of
participation performance of its members. The implementing agency's role in
establishing such a monitoring system could be of pivotal importance.

2. Much closer attention should be paid towards gender-sensitive planning and its
materialization for the integration of women in community forestry.

3. Efforts on the part of the DFO in making the field staff readily available to assist FUGs
in developing an operational plan and handing over of the forests to them would enhance
the extent of participation. However, achieving self-reliance should be a continuous
effort by the FUG for its long term sustainability and to reduce dependence on external
assistance.

4. Encouraging local people to develop private forestry may be a desirable step to reduce
the pressure on national and community forests.

5. The appropriateness of structural elements should be taken into consideration in forming
any FUG for it to be more productive as different structural elements of an organization
are effective under different situations.

6. In view of the training as a tool for creating awareness, improving skills and bring about
desirable changes in attitudes, the training component should be integrated as a part and
parcel of CFDP, rather than just as an occasional programme.

7. It is necessary to create conditions for socio-economic empowerment of those who are at
the bottom of the social structure by providing opportunities and enabling them to
participate.

8. The distribution of benefits of CFD should be on equitable basis, aggreeable to most
FUG members.

9. In view of the low or medium level of participation among forest users as found out by
this study, a coerced as well as intensive type of participation study, but a voluntary and
organized, could be adopted as a mechanism to involve forest users.

FURTHER RESEARCH

For generating a wider information base for the use of planners, policy makers and programme
implementers, further participatory research on a national representative scale would be needed.
Therefore, a study covering more FUGs in other parts of the country using similar variables
would be helpful to further validate the present findings.

Information pertaining to institutional factors generated in this study are from the perspective of
local communities. It would also be of interest to generate such information base from the
perspective of the personnel working for the implementing agency. This would help substantiate
the findings that have greater relevance to planners and policy makers.

43




Factors Influencing Participation of Members of Forest User Joshi, Neeraj Narayan.
Groups in Community Forestry in the Hills of Nepal

Additional research using more variables within the present study setting is also needed in the
light of the fact that the variables included in the present study could not explain more than 68
percent variance in the dependent variable (participation). More studies undertaken in this
direction would help identify other contributing factors.

This study has used interview schedule as the main tool for gathering the data, which were of
more quantitative nature. Integrating qualitative data more intesively in order to fortify accurate
interpretation of variables should be attempted in future research undertakings.

Community forestry as one of the forest development approaches will lead to considerable
success, if it acknowledges the creative intiatives of the people as an important source of
development. This necessitates the orientation of community forestty more towards
development of forest resources through sustainable human development, rather than merely
production for economic gains.
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ABSTRACT

An attempt is made to develop information that will be useful to policy makers in their on-
going efforts to improve the contributions of trees to farmer welfare in the Terai and, more
broadly, to the welfare of Nepal. Both primaty and secondary data were used in the study.
Primary data were collected from 228 households selected randomly and were used to
analyse the relationship between the number of trees raised on the households' farms and the
resources (inputs) these households own. Secondary data were used to analyse the linkage at
the regional and district level.

Policy instruments such as a hierarchy of permits to harvest trees, process tree products and
trade wood products have unnecessarily created a barrier in the wider adoption of trees on
farms. The demand and supply analysis of sissoo timber in Nepal and India shows that there
is a substantial demand for timber in Nepal and India, and that Terai farmers can efficiently
produce timber on their farms.

Regional analysis of tree planting on farms in the Terai indicates that as the population
increases, farmers tend to plant more trees on their farms. A regression model shows that the
number of trees on farms of these households is significantly associated with the area of
irrigated land and the number of cattle and buffaloes owned by these households. Various
recommendations were made based on these findings.

PROBLEM

Interpretation of recent aerial photographs and satellite images of the national forests of the
Terai indicates that there is a continuing trend of deforestation in the Terai region. Presently,
it is estimated that the rate of deforestation in the Terai is about 1.3% per year.The latest
agriculture sample survey of Nepal indicates that there is a increased interest in planting trees
on farms of the Terai. This information may provide some solace to those worried about the
increased rate of deforestation in the developing countries. However, there exists a substantial
knowledge gap regarding the factors and process of deforestation afforestation in developing
countries in general, and in Nepal in particular.

A decision to plant trees can be considered as one of the choices available to farmers. One
need to know contextual variables and motivational factors in order to understand the
adoption of trees on the farms. Some of the questions are: What are these contextual variables
that affect the adoption of trees on farms? What are the roles of land, labour and capital in the
increased cultivation of trees on farms of the Terai? What types of policies and policy
instruments can be crafted and implemented that might sustain the benefits from tree growing
and management on farms of the Terai?Thus there is little knowledge about why and where
farmers plant trees, and what socio-economic and policy variables link farmers to the trees
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grown on their private land. Similarly, how the proximity of natural forests and nurseries
affects private tree planting in the rural areas of Terai is also not known. Sustainability of
forestry programmes and project benefits is a major policy issue in the development of Nepal,
but it has not been adequately addressed in any of the forestry projects of the Terai.

OBJECTIVES

The objectives of the study were: -

1. to increase understanding of the contextual environment within which farmers decide to
plant and grow trees on their farms in the Terai;

2. to increase understanding of the processes and factors that directly influence
farmers' decisions to plant trees on their farms; and

3. to assess the implications in terms of potential policy interventions that could help to
improve and expand the benefits from farm forestry in the Terai.

METHODOLOGY

The contextual variables such as agro-ecology, policy, market and socio-culture were
analysed and described mostly in qualitative and descriptive terms since there is a lack of
empirical data on these variables. However, quantitative data were also analyse these four
components where-

ever such data are available.

The household tree production decision component was analysed using a multiple linear
regression model. Secondary data were used to analyse the linkages at the regional and
district level. Primary data were collected from 228 households selected randomly and were
used to analyse the relationship between the number of trees raised on farm by these
households and the resources (inputs) these households own.

The trees planted on farms of the Terai were the focus of attention in this study, although
there seems to be an inverse relationship between the area of national forests and the numbes
of trees grown on farms. Dhanusha, one of the twenty Terai districts was selected for in-depth
study in order to understand the factors that are associated with the number of trees grown by
the farmers of the Terai.

FINDINGS

The subtropical climate, fertile land and small-scale diversified farming are the important
elements of the agro-ecology of the Terai. Other components of the contextual environment
that affect tree planting on farms are the policy, market and socio-culture of the area. Policy
instruments, such as hierarchy of permits to harvest trees, process tree products and trade
wood products have unnecessarily created barriers so the wider adoption of trees on farms.
However, the land tenancy regulation has provided a strong incentive for large land owners
and landlords to plant sissoo trees on their farms. The demand and supply analysis of sissoo
timber shows that there is a substantial demand for timber in Nepal and India and that the
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Terai farmers can efficiently produce timber on their farms. This analysis also shows that
Nepalese farmers have a comparative advantage over Indian farmers in producing timber in
the Terai.

Farmers of the Terai of Nepal are planting and protecting trees on their farms. Regional
analysis of tree planting on farms of the Terai indicates that as the national forests are
depleted and the population increases, farmers tend to plant more trees on their farms. The
analysis shows that the number of trees on farms of these households is significantly
corelated with the area of irrigated land, and the number of cattle and buffaloes owned by
these households. These households are planting trees in different configurations and are
managing them for multiple uses, but mainly as a cash crop.

RECOMMENDATIONS

Since conversion of forest land to farming seems to result in increased cultivation of trees on
farms, and since it is difficult to enforce strict protection measures in the national forests, it
might be possible to convert some of the national forests to agricultural land use. There
would not be any significant adverse environmental impacts of this land use conversion
because (a) the naional forests are being illegally converted to farm land anyway, and (b)
providing private legal ownership would induce farmers to cultivate trees on such land.

The government should cancel the executive orders for the existing permit system and allow
farmers to sell and trade their trees in the same way as other agricultural crops. As the supply
of farmer-grown sissoo logs increases, Nepal should relax the current ban on exporting wood
products to India.

Intercropping of trees with food crops does not seeni to reduce on-farm employment, and also
assists in creating off-farm employment opportunities by supplying more tree products to the
. market. Dual ownership (due to tenancy rules) of land seems to create a wedge between
private and social benefits of tree planting. Therefore, the Government should remove the
dual ownership and tenancy rights on a piece of land.

The Government of Nepal should consider the relationships between revenue collection from
excise duty, employment generation from wood processing, and the inability to export sawn
timber to India. One of the possible policy interventions is to reduce the tax rate so that sawn
timber becomes competitive even in the Indian market. One of the possible options is to
remove sales tax and charge VAT only. It is also easier to collect VAT at industrial locations.

The Government should stop distributing free seedlings to the farmers of the Terai. The
operation of nurseries should be completely privatised. However, the government should
provide better quality seeds to these nursery owners at a suitable price. ‘

Provision of subsidised wood, even to construct houses, make agricultural implements or
undertake development activity is questionable, and should be stopped.

Farmers should be involved in farm forestry research programmes since, (a) they have
indigenous and practical knowledge of tree planting and farm management and (b) it is easier
to extend the new knowledge to other farmers and researchers.

A few agro-forestry studies that have been completed in theTerai are related to the production
of agricultural and forestry crops on state-owned land. What is happening in the farmers' field
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is not known. Research on this area is urgently needed in Nepal.

Applied research into better ways of lopping and thinning is urgently needed, as the farmers
of the Terai, wood, consumers, forest-based industries and the Government could greatly
benefit from such work.

Research into the benefits of tree planting and management at household level is
needed.Similarly, research on the types of perceived security which trees on farms provide to
different categories of households is also necessary to understand the reasons of tree planting
on farms of the Terai..

Socio-economic research on the wider implications of household tree planting on farms, is
needed as a basis for formulating and implementing better policies in the future. More
research on the existence and creation of employment opportunities arising from the planting,
management, and processing of trees on farms is also needed.

Also there needs to be better rapport between foresters and farmers in order to sustain and
increse the benefits of trees grown on farms in the Terai.

It is essential, that local volume tables of the most important tree species should be published
in the local languages so that the farmers of the Terai know the volume of saw-logs and
fuelwood that can be obtained from the trees. Similarly, local market prices of saw-logs and
fuelwood should be made available to the farmers so that they know the value of their trees.
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ABSTRACT

Ten, 3-year-old, fodder tree species were evaluated at four on-station and three on-farm sites
in Nepal. Ficus semicordata (Buchattam. ex Sm.) growth was found to be significantly higher
(p = .01) than the rest in diameter and dry foliage weight values. Species were significantly (p
= ,01) different in height, diameter, and foliage and wood growth. Sites were significantly (p
= .01) different in total height growth only. On-farm species evaluation indicated that
Artocarpus lakoocha and F. semicordata had significantly higher growth.

Allometric regression equitions wee developed to predic foliage, total wood and total
biomass yield of F.semicordata, and Bauhenia variegata. Individual - tree models were
developed from the data collected from experimental plots and farmers' fields. Logarithmic
transformations gave better fitted models. For B. variegata, diameter at 50 cm, and for F.
semicordata, crown diameter and height, gave the best fitted equations. Regression equations
for three sites did not differ significantly (p=0.05) in their slopes and intercepts. Therefore,
data were pooled and a common model was estimated for each species. In on-farm regression
models, height and crown diameter were the best predictors for F. semicordata and dbh gave
the best fit for Bauhenia variegata. The models for the two species were used to construct
regional fodder and fuelwood biomass tables.

An improved crop-livestock-fodder agroforestry system was designed for a village in Nepal,
based on the research and survey data. Linear programming was used to demonstrate the use
of a tool to optimise land allocation, maximising net returns while satisfying the supply of
minimum needs of food, fodder, and fuelwood. The optimal solution indicated that, by
improving the returns to labour and by applying more compost, the village should be able to
increase the annual net farm returns from the current NRs. 2.94 million to an estimated Nrs.
3.85 million. The food, fodder and fuelwood production levels were shown to increase by
17%, 130%, and 537% respectively. The labour and compost requirements were up by 138%
and 59% respectively, over the five year period. The soil loss through run-off was estimated
to decrease by about 15% over the same period.

PROBLEMS

Several studies have indicated that the exploitation of forest resources in Nepal is not
intentional and reckless but stems from understandable human needs and anxieties. Forests
and other vegetation supply some of the basic needs of rural life. These include tree foliage,
grasses, and herbs as animal forage; fuelwood for cooking; fruits, nuts, honey and tubers for
food; timber for building shelter; forest litter as compost; shrubs and vines as fencing
materials; bamboo for cottage industries; thatch grasses for roofing materials; and herbs for
medicine. Recent government policies are based on the premise that increasing demands for
fuelwood and fodder can only be met through intensive plantations of multipurpose trees on
private land.
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Currently only about 64% of the total feed requirements of the livestock are met in the Hills.
A deficit of 20 to 30% is estimated in fodder supply at the national level. One of the major
reasons for the shortage is the continuing shrinkage in grazing and forestland.

While fodder consumption alone does not directly reduce the forest area it is the main cause
of forest degradation which leads to increased erosion as a result of depleted ground cover
and soil compaction. One way of reducing environmental damage by animals is through stall
feeding or confining the animals to corrals. Combined with this approach, if productivity of
the fodder trees could be increased and the associated tree fodder production could be better
managed, the current deficit could be reduced substantially.

Specifically, there is a need to assess the fodder potential of most commonly grown fodder
tree species (FTS), develop biomass yield tables and growth functions, establish improved
harvesting schedules and make this information available to planners and extension personnel
as quickly as possible. This points to the need to carry out species evaluation trials, accurately
estimating their growth and yield and developing local and regional FTS biomass tables.
Utilisation of such information in designing and implementing more productive agroforestry
systems, especially in the Middle Hills, the Terai and the Inner Terai regions, is another
challenge. This research project focuses on these topics.

OBJECTIVES
The three major objectives of the research project are described as follows:

1. to evaluate the silvicultural characteristics of commonly grown native and exotic FTS
over a wide geographical area;

2. to develop fodder and wood biomass tables for two top performing species in order to
generate quantitative information about their growth potential ; and

3. to study the impact of intensively cultivating the "best" performing species in the
traditional agroforestry systems in the Middle Hills.

METHODOLOGY

The focus of the study was limited to the western Middle Hills and the central Terai. Based
on a reconnaissance survey of the area, 16 species were selected for inclusion in the trials.
Out of

this species pool, each site was allotted between eight to ten species depending upon each
species' ecological requirements. At least seven species were included at all four sites.

Trial design was based on the treatments selected and land availability at each of the four
sites. Trial lay-out was arranged in a completely randomised block design (CRBD) involving
1200 trees per plot. On-farm research trials were also designed to complement the data
expected from the research stations. Lopping intensity trials were carried out on these on-
farm trees and the information derived was used as input to construct growth and yield
models for commonly grown FTS by the farmers of the area.
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Farmers in the study areas were intensively surveyed to find out the nature of their fodder
cultivation methods, preferred species, and common problems related to FTS management.
Attempts were made to find out the type of lopping regimes the villagers desired the research
trials to test. Information was also collected on the topics related to the agroforestry systems
prevailing in the area, particularly those related to crop and food grain production.

FINDINGS

Out of the ten species tested at four sites located in three ecological zones, three FTS - Ficus
semicordata, Leucaena leucocephala, and Bauhenia variegata - have consistently shown
better performance in all aspects of growth and yield. A few species, including Ficus hispida
and Ficus lacor, that did show good height and diameter growth at Pokhara could not be
compared with other FTS due to their very early stage of growth, as well as being grown only
at the Pokhara site. Nevertheless, the results indicated that the common practice of growing a
Jarge number of FTS as opposed to a few high yielding FTS may not be an ideal decision
from the fodder production point of view. It is argued that farmers plant many species to
stagger the fodder yield throughout the 4-month-long dry season. However, the study found
that farmers' decisions were made more on the basis of what was growing on the farm before
they started farming and which species were most easy to propagate than on long-term
planning for a regular fodder supply scheme. In other words, in the study areas, the farmers
either retained the naturally regenerated FTS or grew only those which were easily
propagated. At most of the sites the farmers reported that they did not plant the FTS growing
on their farms. They were all naturally regenerated and protected and managed by the farmers
to use as FTS.

RECOMMENDATION

Biomass modelling has been shown to be a promising new area in fodder tree research. The
study has developed separate allometric equations for foliage, total wood and total biomass
for Ficus semicordata, and Bauhenia variegata. These equations have been used to prepare
fodder and wood biomass tables. These tables were validated separately for each of the four
sites and therefore, are recommended for regional use. These tables should be particularly
useful to the extension and development agencies, and so farmers for quick estimates of the
fodder yield. Site validation is strongly recommended, although these tables have been found
to predict biomass within a reasonable limit.

Improving the management of FTS in Nepal will require a sustained research effort to
generate information on the growth potentials and climatic suitability of over 100 species of
shrubs and trees known to be grown in Nepal. In this study only species that were readily
available and commonly known to the farmers were tested. Some of the common hill species
such as Ficus lacor, Bridelia retusa, and Garuga pinnata could not be tested in the Terai and
Inner Terai plots due to the lack of adequate seedlings. However, their performance at one
site did indicate their potential for further investigation. Nevertheless, this study has, for the
first time in Nepal, tested a large number of species in a multi-location trial. Preparation of
fodder and woody biomass models for these species had not previously been attempted on
large scale. The next objective should be to prepare comprehensive biomass tables applicable
to the whole region. The presentation of fodder and fuelwood yield tables encompassing a
large height and diameter range is expected to be a useful resource in the fodder-tree
database. The demonstration of agroforestry design and analysis provides the ways the

51




Improved Fodder Tree Management in the Agroforestry Systems Karki, Madhav Bahadur.
of Central and Western Nepal

research information can be used to improve the management of these valuable trees in
improving the supply of fodder and fuelwood. The sequential combinations of species
selection, biomass modelling, and agroforestry design demonstrate an appropriate approach
to improving the agroforestry management in the central and western regions of Nepal.
Finally, the report opens a whole new area of research and study opportunity in the areas of
FTS in particular and agroforestry systems of Nepal in general.
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ABSTRACT

The ecology of Himalayan musk deer was studied in Sagarmatha (Mt. Everest) National
Park, Nepal, from 1986 to 1989. These animals, among the most primitive and endangered,
deer-like ruminants, do not bear antlers; but males have well developed, sabre-like canine
teeth. They live at altitudes between 3000 and 4200 m in Sagarmatha National Park.

A modified drive net technique was developed to capture Himalayan musk deer. A total of 16
individuals were captured. A combination of 1.5 mg/kg of 2% xylazine and 4.5 mg/kg of
10% ketamine hydrochloride was injected intramuscularly, to immobilise each animal for
approximately 30 minutes. All captured animals, and also the musk extracted from males
were measured.

Adult females were significantly longer (97.4 vs 92.7 cm; p < 0.05) and heavier than adult
males (10.7 vs 10.2 kg; p < 0.05). Musk deer are well adapted to snow because of their low
weight on track ratio (83.6 g/cm2). Musk deer were observed climbing trees to feed on lichen
during winter and to avoid predators.

The animals in Sagarmatha National Park were found to be very selective feeders, utilising
mostly easily digestible tree and shrub foliage and inflorescences, and forbs and fronds
during summer. Two species of lichens (Usnea spp.) were very important in winter diets,
although deer also consumed dry foliage and forbs. Crude protein in the forages consumed
ranged from 13 to 25% during summer and from 3 to 5% during winter. Although lichens
contained low crude protein (5.8%), frequency of lichen feeding was very high in winter. Of
total foraging time during winter, 52% was spent foraging on lichen compared to 16% during
summer. Forages selected by musk deer year round were high in cell solubles, ranging, from
37% in winter dry foliages to 68% in summer flowers.

The musk deer were non-migratory. Average home ranges for males and females were 14 and
13 ha, respectively. Males were highly territorial with no home range overlap, but extensive
home range overlap occurred among females.

Seven different habitat types were identified within the musk deer range. The habitats most
frequented by were the 'birch and rthododendron forest' and 'dwarf rthododendron shrubs',
where arboreal lichens were available during winter. Habitat preservation and esablishment
of semi-captive populations of Himalayan musk deer are recommended.

PROBLEM

The Himalayan musk deer (Moschus chrysogaster leucogaster, Hodgson 1839), one of the
most primitive and least studied of the deer-like animals, is listed as vulnerable by the
International Union for Conservation of Nature and Natural Resources (IUCN), and as
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endangered by the Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES), His Majesty's Government of Nepal and the United States Department of
Interior. It is a small forest-dwelling species that weighs about 10 kg, is approximately 100
cm long and 60 cm tall. In Nepal, Himalayan musk deer inhabit mainly birch (Betula utilis)
and thododendron (Rhododendron spp.) forests on moderate to steep slopes at elevations of
2500 m to 4500 m.

METHODOLOGY

A modified drive net capture technique was developed to capture Himalayan musk deer.
Locally woven nets made from coconut fiber and cotton fiber ropes were used. Each net was
6 m long, 1.8 to 2 m high (when fully stretched) and had a 10 cm® mesh. Usually two to four
nets are used, depending on terrain, for 20 of 25 successful captures. Here a total of 16
individuals were captured using 3 nets.

A combination of 2% xylazine (trade name - ROMPUN) and 10% ketamine hydrochloride
(trade name - VETALAR), was administered intramuscularly to immobilise the captured
animals. This dasage was estimated from data for smaller ungulates immobilised in the
Kathmandu Zoo. The purposes for immobilisation were to measure physical characteristics of
the animals and to fit them with a telemetry collar. So an induction time of 3-5 minutes and a
recovery time 30-50 minutes were aimed at. All captured animals, and also the musk
extracted from males, were measured.

FINDINGS

Himalayan musk deer in Sagarmatha National Park were very selective, feeding mostly on
easily digestible foliage of shrubs and trees, flowers and inflorescences, and forbs and fronds
during summer. Only one graminoid and one lichen species were observed being consumed
during summer. In winter, deer consumed dry leaves of shrubs and trees, forbs, and one grass
species. Two species of arboreal lichens (Usnea spp.) appeared to be very important in the
diets of musk deer during winter when ground vegetation was covered with snow.

Crude protein in the forages consumed ranged from 13 to 25% during summer, and from 3 to
5% during winter. Although lichens contained low crude protein (5.8%), frequency of lichen
feeding was very high in winter. Of total foraging time during winter, 52% was spent
foraging on lichen compared to 16% during summer. Forages selected by musk deer year
round were high in cell solubles ranging from 37% in winter dry foliages to 68% in summer
flowers.

Himalayan musk deer are essentially solitary animals. Males are highly territorial, but
females appear to be noticeably tolerant of other individuals. Average home range of males
was larger than that of females. Seasonal migration among adult Himalayan musk deer was
not observed. Birch and rhododendron forest, and dwarf rhododendron shrub were selected
over other habitat types at all times of the year, wherever available.

54




Ecology of the Himalayan Musk Deer in Sagarmatha National Park, Nepal Kattel, Bijaya.

RECOMMENDATIONS
Further investigations on the diet of the Himalayan musk deer in different seasons is needed.

Slow growing sub-alpine vegetation on the northern slopes which harbor the epidendric
lichens, the most important food of the musk deer in winter, must be given a high priority for
protection. If these food sources are lost, Himalayan musk deer will disappear from the area
immediately.

An alternative source of energy, probably hydro-electricy should be developed to meet the
demands for energy for local households and increasing mountain tourism and thus preserve
the habitats of musk deer.

The knowledge gained from this study regarding the nutritional quality of the forages
consumed by these deer, and Chinese experience in raising musk deer in captivity should be

applied in establishing and managing semi-captive populations of the Himalayan musk deer.
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ABSTRACT

Forest soil in the eastern part of Nepal has been distinctly low in available nitrogen and the
productivity of forests has been actively under decline due to ruthless irregular tree cutting
and erosion processes. Unfortunately, no effort has been made to regenerate the area with the
introduction of suitable nitrogen fixing plants (NFPs) and there is no available information on
the occurence of such plants in this region. Hence this study attempted to collect preliminary
information on the distribution of leguminous and non-leguminous NFPs in this fragile area
of Nepal, from the terai plain in the south to the upper limit of trees in the north, so that the
distribution pattern of such species in the various agro-bio-climatic zones could be identified
and utilized in various forestry and agro-forestry activities in the region.

The study was based on three types of survey: main transect, complementary transets and
random survey. Sample plots were laid out at about 6 km horizontal distance in the terai up to
the churia foothills and at 200 m altitudinal difference in the hills with 50 m side running
north-south. Where a plot was within or near to a village a paricipatory survey was conducted
along with the primary survey on that plot, to collect farmers' information on NFPs and their
pattern of utilization in different physiographic regions.

The study showed that often soils are too low in available nitrogen and organic matter for
optimal plant growth. Nitrogen fixed biologically is a cheaper and more viable way to
upgrade soil fertility compared to industrial nitrogen, and since, legumes particularly can add
substantial amounts of nitrogen to the soil and establish strong symbiotic associations, those
could be vital in maintaining the nitrogen levels in the long term.

PROBLEM

The forests of Nepal are rapidly deteriorating in both quantity and quality. More than 300,000
hectares of forest have been over the last 15 years, and still the process of destruction is
continuing due to heavy biotic pressure for fuel, fodder, timber etc. It is estimated that at
present the rate of forest destruction is 1.3 % per annum. This persistent destruction has
aggravated soil erosion and downstream sedimentation. It is estimated that annually 1.7 mm
of fertile top soil vanishes from Nepal and every year about 240 million tons of soil moves
through rivers from Nepal to the Bay of Bengal. Besides this, it has caused reduction of
agricultural productivity at least by 20%. These facts and figures indicate an alarming
situation and a need for urgent measures to combat the problem. On the basis of the
topography and the extent of the area, with cost-effective and socio-economically viable
methods, a possible viable alternative is to revegetate the watersheds or degraded forest areas
with self-sustaining indigenous, multipurpose nitrogen-fixing hetb, shrub, climber and tree
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species to check soil erosion and frequent floods as well as to meet the immediate fuel,
fodder and timber requirements of the local inhabitants.

Regular cutting of forests generally upsets the nutrient cycle, and especially the nitrogen
balance, although the effects may not be noticed immediately because of the nitrogen reserve
remaining in the soil. In the near future, problems may thus arise in attempts to establish new
forests on these lands if they become deficient in nitrogen and other nutrients. During the the
establishment of a forest, soil nitrogen moves from forest floor to tree. There is evidence, that
the presence of NFTs in inter-cropping trial with non-nitrogen fixing trees may improve the
biomass production.

The eastern part of Nepal is prone to floods and land slides causing a continuous erosion of
precious top soil of fragile Himalayan ecosystem. This phenomenon has been always a
serious threat to the government and the people of this region. Hence, the introduction of
appropriate indigenous, domesticated and multipurpose nitrogen fixing species in this region,
deserves special attention and suggests a viable alternative measure for establishment of the
degraded sites and check persistent floods and soil erosion duting rainy seasons.

Hitherto unfortunately, not much research on the behavior of such species or their use for
afforestation purposes has been carried out in this country. Therefore an attempt has been
made in the present study to survey and identify nitrogen fixing leguminous and non-
leguminous herb, shrub, climber and tree species for their nodulation and nitrogen fixation
behavior along with their distribution pattern from the Terai to timber-line so that such
species can be utilized for the afforestation and stabilization of degraded watersheds as well
as forest areas under various plantation programmes, depending upon the socio-economic
needs of the local people.

METHODOLOGY

The study was mainly based on three types of surveys: main transect, complemen tary
transects and random surevys. The main transect survey was conducted in the centrally
located Koshi zone, from 72 to 4080 m altitude with 72 sample plots. Two complementary
transect surveys were conducted, one to the east in Mechi zone from 650 to 4570 m with 66
sample plots and the other to the west in Sagarmatha zone from 140 to 3800 m with 47
sample plots. Outside these transects were 64 random sample plots. The transect sample
plots, 50 J 100 m, were spread at about 6 km horizontal intervals.

The transects ran from the Terai through the Churia hills, and the plots were at 200 m
altitudinal difference in the hills. Field identification of the nitrogen fixing plants was chiefly
based on the floral characteristics and presence of easily separable nodules from the roots.

The identified plants were uprooted, their morphological characters were recorded and
herbarium specimens were prepared for valid identification. Samples of leaves, stems, roots
nodules were also collected, weighed and kept for analysis, and some times seeds were also
collected to raise seedlings for various studies, as discussed later. W-shaped soil samples
from the root rhizosphere and from outside the root zone were taken at 10 cm depth.Each
sample was mixed and packed separately for chemical analysis. The minimum horizontal
distance for outside the rhizosphere soil was between 1 to 2 m in case of herb, shrub, and
climber species. Nodulation behavior of each individual leguminous and non-leguminous
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species was observed under field conditions. Roots of the nodulated plants were washed with
water and nodules were separated, counted, weighed and kept for dry weight and chemical
analysis.

Nurseries were set up at three different altitudinal locations to study the nodulation and
nitrogen-fixation behavior of some of the species. Nitrogen-fixing activity of nodules,
chemical estimations of organic carbon and nitrogen content and soil anlysis for in leaf, stem,
root and nodule samples, and soil analysis for texture, pH, organic carbon, N, P and K were
carried out at various laboratories. A participatory survey was also conducted along with the
ptimary survey where a plot was situated within or near a village, to collect farmer's
information on nitrogen fixing plants (NFPs) and their pattern of utilization in different
physiographic regions. A total number of 686 farmers were interviwed.

FINDINGS

1. Geographical barriers, climatic and metereological conditions, physiological and
biochemical reactions, rhizobial strains etc. influence the nodulation and nitrogen-
fixation behaviour of individual species.

2.  Nodulation without a nitrogen fixing host plant was observed in Santalum album for the
first time in this region. No nodules were observed in Rosaceae during this survey.

3. Among the leguminous NFPs encountered in the surveys, the majority of them
dominated in the subtropical region and actinorrhizal species in the temperate region and
as alitude increased the NFPs species decreased gradually upto 2400 m, and sharply
above this level.

4. Among leguminous species observed below 2400 m altitude, two herbs, Cajanus
platycarpus, and Trifolium alexandrium, three shrubs, Crotalaria capensis, Desmodium
elegans, and D. multifolium; two climbers, Entada rheedei var. sinohimalensis, and
Vigna mungo, and a solitary tree species, Albizia chinensis were recorded. Other herb
species recorded were: Smithia ciliata from 600 to 3000 m.; Trifolium repens from 1200
to above 3,000 m; and Astragalus donianus, A. sikkimensis and Parochetus communis
from 1800 to above 3000 m.

Among actinorrhizal shrub species, Elaeagnus infundibularis was recorded between 600
and 3000m and Hippophae tibetana from 2400 to above 3000m. Among tree species
Alnus nepalensis was recorded from 600 to 3000m, 4. nitida from 1200 to 1800m and
Myrica esculanta from 1200 to 2400 m. The remaining species were recorded below
600m altitude. But no herbs and climbers were recorded in this group.

5. During the nodulation behavior study, the ratio between the active and dead nodules
recorded was 11:1, 9:1, 8:1, and 4:1 in leguminous herbs, shrubs, climbers and trees
respectively and 5:1 and 2:1 in non-leguminous tree and shrub species respectively. The
study indicated that degeneration of nodules was less in herbaceous plants as compared
to other plants.

6. In Caesalpinioideae, the maximum number of non-nodulating species was recorded in
Cassia (9), followed by Bauhinia (5), Caesalpinia (4) and one each in Acrocarpus,
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10.

11.

12.

13.

Delonix, Parkensonia, Saraca and Tamarindus .

Of the 12 species examined, Crofolaria tetragona recorded the shortest time for
nodulation after germination (6 days) followed by Crotolaria pallida (7 days), Leucaena
leucocephala (10 days) and Albizia chinensis (19 days). Such testing could provide a
method for recording indigenous NFPs for rapidity of nodulaion in different agroclimatic
zones.

In most species studied, a straight increasing trend in nodule number and biomass per
plant was noticed up to 6th week. Maximum nodule number per plant was noticed in
Albizia chinensis, Flemingia macrophylla and Sesbania sesban during summer and
Dalbergia sissoo, Indigofera atropurpurea and Leucaenia leucocephala during the rainy
season and in all the species minimum during winter.

In all leguminous NFPs, the maximum nitrogenase activity was recorded in trees and the
minimum in herbs, whereas in non-leguminous NFPs, there was more in shrubs and less
in trees. The variation may be due to soil heterogenity, photosynthetic rates and site
variation.

The maximum N content was observed in nodules and the minimum in stems, whereas,
maximum total nitrogen contents per plant was observed in leaf, followed by stem, root
and minimum in nodules.

Soil N concentration was vaually higher in the rhizosphere than outside it for the NFPs.
The highest soil pH (7.9) was observed for Abrus precatorius outside the rhizosphere
and the lowest in Desmodium podocarpum and Piptanthus nepalensis in the thizosphere.
However soil organic carbon content was usually higher in the thizosphere.

With large number of NFPs, phosphorus was significantly higher in soil outside the
thizosphere than inside it. P being a key factor for nitrogen fixation, it might be utilized
in the rhizosphere than outside it. Correlation between the C:N ratios in leguminous and
non-leguminous species was significant.

The information collected from farmers confirmed that NFPs are uniquely suited to agro-
forestry systems in east Nepal, as they provide more than one product from a single tree.
The pattern of utilization of such species varied from one region to other regions
according to availability of other plants. Although the farmers have little knowledge of
the utility of NFPs in fixing nitrogen. they are nevertheless interested in the products
they obtain from them and place in their economy.

RECOMMENDATIONS

The information on nitrogen-fixing plants encountered and described from various altitudinal
ranges in the eastern region of Nepal will be helpful in bridging the gaps in the knowledge of
biological nitrogen fixation. The plants recorded to be nodulated should be beneficial in
forestry extension activities and agroforestry programmes to rejuvenate degraded sites and
improve soil fertility as well as in meeting basic needs of forest products to the people and
should thus help fragile Himalayan ecosystems area to be conserved and preserved
simultaneously.
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ABSTRACT

Interest in the effects of natural disturbances upon ecosystems is not new to ecologists.
Previously, concerns related to human impacts upon natural forests were dominated by global
deforestation, primarily occurring in the tropics as a result of commercial logging and
conversion of forests to various types of agricultural uses. More recently, interest has begun
to expand beyond concern over the rate of destruction of tropical forest toward a broader
interest on the integrity and health of forest ecosystems in both developed and developing
countries. Because of the impacts of increasing human populations on forests, management of
degraded forests is becoming a matter of significant concern. There is a growing need for
research targeting degraded forests under different ecological and socio-economic settings.

This dissertation deals with the major influences of biomass harvesting in the lower
temperate mixed broad-leaved forests in Nepal's central middle hills. The focus of the study
is on the structure, composition, and productivity potential (i.e. site quality) of differentially
disturbed forests. The primary goals are to identify relationships between human-induced
disturbance caused by biomass extraction for subsistence purposes and various ecological
attributes measured in the forest communities and to use the observed relationships for testing
selected hypotheses pertaining to the effects of disturbance upon ecosystems. An ultimate
goal of the study is to aid forest management in the region by summarising and synthesising
collected data into a form which has potential applicative value.

Because of a dearth of intensive ecological research projects in the Nepalese forests,
quantitative information concerning the ecology of most forest types in Nepal is largely
undocumented to date. This project aims to make an additional contribution by documenting
the detailed ecology of an important forest type in the sub-Himalayan region namely the
warm (lower) temperate mixed broad-leaved forests in the central middle hills.

Two relatively undisturbed forests (references) and three forests at different levels of
disturbance (low, moderate, and high) were selected for study.Four research questions were
addressed in the study:

(1) to what extent are the natural forests in Nepal's middle hills being disturbed by man?
(2) are there differences in such disturbances among forest stands?

(3) what ecological variables associated with such disturbances may have potential value in
the development of a system to classify forests according to various categories of
degradation?

(4) do the properties of (relatively) similar forest communities subjected to varying
intensities of human disturbance support general theories and hypotheses regarding
effects of disturbances upon ecosystems.

60




The Ecology of Warm-Templerate Forests in the Central Khatry Chhetri, Deepak Bahadur.
Himalayas accross a Human-Induced Disturbance Gradient

OBJECTIVES

This study aimed to provide reliable and valid quantitative information in the main on the
"obvious" ecological attributes as distinguished above, but also on some of the more "subtle"

influences, resulting from subsistence harvesting of forest biomass in the central Himalayan
foothills. "

Specific objectives of the study covered three major aspects. The first objective was to simply
document the detailed ecological attributes of these forests, and establish a database against
which other studies across space and time could be compared.

The second concerned the advancement of the general scientific understanding of
relationships between various types of disturbances of ecological systems, and the integrity of
such impacted ecosystems.

The third and final objective concerned the identification of key ecological variables which
appear to be strongly associated with disturbance.

METHODOLOGY
Study area:

Five natural forests in the general area of the Kathmandu Valley were surveyed by sampling.
The forests ranged from relatively undisturbed to severely disturbed, and represented well the
range of forest conditions in the study area. The forests studied were, in reality, forest stands
selected from the larger forest, and subsequently surveyed, mapped and sampled. These
forest stands comprise significant portions of the locally named forests.

The fieldwork component of the study encompassed 12 months (September 1993 to August
1994). In order to minimise seasonal influence, all forests were surveyed during the pre-
monsoon dry period. The main survey work was carried out between mid-January and the
first week of May 1994. The remaining days till August 1994, were spent in preparing soil
samples for analysis, air-drying and weighing leaf litter samples and identifying plants from
samples which were removed from the survey plots.

Study design and field method:

The study design was an analytical sample survey, comparing forests at different intensities
of human disturbance in order to: (1) discover where important differences exist among them,
and (2) to form or verify hypotheses about the reasons for these differences.

FINDINGS

The hypothesis of no differences in disturbance intensities among the study forests was
strongly rejected. A useful definition of subsistence disturbance of forest by humans and an
index (the SAD-Index) to quantify such disturbance have been proposed. From a list of 18
different measures of disturbance, five specific measures were selected to develop the index,
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these being (in descending order of importance): estimated proportion of cut basal area of
overstorey trees, proportion of cut overstorey trees, proportion of cut tree samplings,
proportion of lopped overstorey tress, and proportion of lopped tree samplings.

The discriminatory ability of the SAD-Index was found to be excellent for classifying forests
into two disturbance groups, low (SAD-Index value <0.25) and high (SAD-Index value
>0.25), with an overall classification accuracy of (92.35%). A relatively good classification
accuracy (overall accuracy of 75.29%) was obtained for four distutbance classes (values
inside parentheses show SAD-Index values associated with each disturbance class): relatively
undisturbed (<0.25), lightly disturbed (0.25 to <0.5), moderately disturbed (0.5 to <0.75), and
severely disturbed (( 0.75). Relatively high classification accuracies ranging from 70.00-
91.53% were observed for three of the four disturbance categories (severely disturbed, lightly
disturbed and relatively undisturbed). However, a relatively low classification accuracy
(33.33%) obtained for the fourth disturbance class, the moderately disturbed condition,
suggested that it may be better to pool the forests to form three disturbance classes rather than
four. The Schima-Castanopsis association was found to be dominant in all four forests. The
relative importance of this association at all three major strata (overstorey, undetstorey and
ground vegetation layer) within the forest indicates that these forests will continue to be
dominated by this association.

The hypotheses of no difference among forests in stand density, architectural heterogeneity,
and natural regeneration were all rejected. When woody plants were compared across the five
forests, the largest differences were found among the oerstorey variables and the smallest
differences were observed among the woody ground-vegetation variables. Not all of the
woody plant variables appeared to track the disturbance gradient. Among the overstorey
variables, tree basal area, canopy over, and aboveground biomass tracked the disturbance
gradients and therefore appear to be the best candidates for inclusion in any index of forest
degradation. In general, tree density was observed to be highest at the moderate disturbance
level, intermediate at the low disturbance level and lowest in severely disturbed forests.

The following species of shrubs and woody vines were found to be the most promising
species for use as indicators of disturbed forest conditions: Osbeckia stellata, Phyllanthus
parvifolius, Lantana camara, Inula cappa, Crotalaria cystoides, Hypericum uralum, Ardisia
macrocrpa and Sarcococca coriacea. Natural regeneration potential seemed to be very high in
all of the forests.The relatively high sprouting ability of cut stumps in these forests could also
be a significant means of naturally regenerating the forests and improving degraded forests.
Therefore, regeneration does not appear to be a problem for management. Large budgets and
forestry activities in Nepal currently being devoted to seedling nurseries appear to be
unnecessaty if the goal is to regenerate degraded forests with local species of trees.

The general characteristics of the forest floors, soils, and stand productivity differed among
the study forests, and were found to be associated with large differences in disturbance. Of
the 18 variables representing various ecological properties associated with forest site
productivity, a monotonic relationship with disturbance intensity (SAD-Index) in the five
study forests was observed for the following ecological attributes: relative herbaceous plant
cover, Index tree height, mean height asymptote of all Schima-Castanopsis tree, and mean
height asymptote of dominant and co-dominant Schima-Castanopsis trees.

Although all five study forests were similar types of forest located within a homogenous
bioclimatic and physiographic zone of Nepal, considerable difference were observed among
the forests in a variety of aspects of plant diversity. Both unimodal and monotonic
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relationships between vascular plant divetsity and disturbance intensity were observed, but
the patterns were associated with different measures of diversity and different plant
groupings. In general, species diversity of vascular plants appeared to be positively and
monotonically associated with disturbance intensity.

RECOMMENDATIONS

STt is recommended that the overall framework used in this study be adopted as a starting
point for developing an assessment and monitoring programme to evaluate the productivity
potential of natural forests in Nepal's central middle hills. The mean values obtained for the
two reference forests are recommended for denoting relatively undisturbed, reference
conditions of mature, Schima- Castanopsis dominated warm-temperate forests in the Central
Himalayan foothills. Variable subset 1 is recommended for use if approximate assessments of
forest site productivity will suffice. Variable subset 2 is recommended for use if a higher
degree of classification accuracy is desired.

FUTURE RESEARCH

There are two areas where the findings of this study could have implications. The first area is
research. This study was largely limited by its size. Although a great deal of information was
collected, it came from one time period and from only five forest stands. This information
should be used to develop additional studies covering more forests and different time periods.

Research is particularly needed in order to develop a protocol for classifying forest
degradation in the region. Such a classification protocol is urgently needed to assess and
monitor what is happening to the forests. A classification protocol, such as recommended in
this study will also assist in management work, the second area where the findings of this
study could have implications. An ability to objectively classify forests into degradation
classes would allow forest managers to target specialised programmes for various classes of
degraded forests. It would then be relatively easy to monitor and evaluate progress and re-
adapt management plans. In classifying forests into degradation classes, it is important to first
define degradation according to management objectives and then select the appropriate
variables and indices to make an assessment of a forest's condition. This suggests that
different indices of degradation, incorporating different variables and with different
importance weights attached to them, need to be developed to suit various management
objectives. Researchers can carry out the scientific and technical work of measuring variables
and developing indices, but it is the forest managers and the users (society at large) who will
have to decide what the management objective will be for a particular forest and what aspects
need to be emphasised. Clearly, a tremendous amount of work remains to be done in this
regard in the middle hills of Nepal.
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ABSTRACT

Landscape dynamics, habitat succession and grass productions were studied for two years in
a tall-grass and riverine forest mosaic in the Royal Chitwan National Park, Nepal. Ten
grassland and three forest associations were identified on an edaphic and successional
gradient. Themeda arundinacea, Narenga porphorycoma, Saccharum bengalense,
Saccharum spontaneum, riverine forest, and Shorea robusta forest types were identified. A
linear model of landscape dynamics showed that fluvial action controlled landscape
organisation. The landscape was not a "shifting mosaic" with constant properties; simulation
showed S. spontaneum grassland area doubling over the next 50 years. Indirect gradient
analysis suggested soil moisture, soil development and fire as the underlying gradients of
among-habitat organisation. Succession was a complex function of life history and population
processes, and increasing soil resources over time. Large mammals were important as
ecosystem regulators.

Experiments were conducted in three grassland types to determine the effects of early
(February) and late (May) dry season brning and wildlife grazing on grass standing biomass
and above-ground net primary production (ANPP). Grazing had a negative effect on
Imperata. cylindrica biomass, but not on N. porphorycoma biomass. Sites burned early had
higher production, than late-burned or unburned sites. Increased production was attributed to
high post-burn soil temperature. Annual above-ground grass ploductlon on sites burned early,
the norm 1n Chitwan, was 1.2 kg m™ for I cylindrica, 1.6 kg m™ for N. porphorycoma, and
1.65 kg m™ for S. spontaneum. Field studies showed domestic elephants each consuming 25
kg Dry Weight (DW) cut-fodder and 20 kg DW grazed forage daily. Humans legally
harvested 11,132 t grass valued at NRs. 10 mllhon (US$ 4,50,000). ANPP on a village
pasture, or grazing lawn, was measured at 872 g m™, with 100% consumption by domestic
livestock; ANPP inside an adjacent enclosure was 1 410 g m?, A defoliation experiment
indicated a negative non-linear production response. Total grass ploductlon and consumption
for the study area was projected using the landscape model and assuming current conditions.
Simulations projected little change in I. cylindrica biomass over the next 20 years, a 28%
decrease in N. porphorycoma biomass, and a 15% increase in S. spontaneum biomass.
Minimum consumption of ANPP by herbivores was 6% for the study area, with minimum
consumption of 12% for I cylindrica, 4% for N. porphorycoma, and 10% for S. spontaneum.

PROBLEM

The subjective of grasslands, large ungulates, and grass-ungulate relationships in the tropics
usually conjures up the image of an East African plain teeming with wildebeest, zebras,
antelopes and lions. One does not think of Nepal, or south Asia, as teeming with wildlife.
Nevertheless, the region has had an amazingly diverse and abundant wildlife community in
which ungulates and their predators have held a large role since Miocene times.

"Incredible numbers" of "game species" were reported in the tall grass Terai jungles at the
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foot of the Himalayas near the beginning of the twentieth century. A fraction of these vast
herds now are found only in national parks and reserves.

Very little research has been done on the plant communities that support these impressive
vertebrate fauna, and literature on the organisation of the grassland-riverine forest-sal (Shorea
robusta) forest complex in north India and Nepal has been largely superficial, inferred from
casual observation and general treatments of similar grasslands types or by gneral survey.

Hence, research into the ecology of the riverine grasslands and forests was sorely needed for
a complete understanding of the large mammal community and for park management. The
potential was great for contributing as well to the basic understanding of grass-ungulate
relationships in a system much different from the African grasslands, where much research
has already occurred.

METHODOLOGY

Black-and-white aerial photographs from 1964 and 1981 were used to examine landscape
dynamics and 13 habitat types were recognised. Flood plain and other areas outside the Park
were included if they could later become part of the Park through erosion, or to examine the
expansion of floodplain at the expense of agriculture.

Sample points for systematic sampling were determined from a 250 m (ground measurement)
grid on an aerial photograph of the research study area. Approximately two-thirds of the area,
extending 6 km west from Sauraha, was sampled with 188 plots. Two-thirds of the plots were
spaced equally on the 250 m grid; the other third of the plots on the west side of the study
area were measured on every other north-south transect of the grid for a 250 x 500 m spacing.

Minimum area plots of 8.5 m x 8.5 m were marked for grassland sample points but 11 mx 11
m plots were used in riverine forest. All under-storey species were described, numbered and
collected for later identification.

An experiment was also designed to investigate the methods of grass colonisation on new
river sandbars. A 100 m2 area of new sandbar was enclosed with barbed wire, and 49, one
metre square plots were laid out with 0.5 m buffers. Seven propagation treatments were
arranged in a randomised block design with seven replicates. Treatments were: (1) Saccharum
spontaneum seeds; (2) Saccharum spontaneum stolon nodes buried 5 cm deep; (3)
Saccharum spontaneum stolon nodes on the surface; (4) Imperata cylindrica seeds; (5)
Saccharum bengalense seeds; (6) Narenga porphorycoma seeds; and (7) a control with no
seeds or nodes planted.

To find out fire and grazing effects on ANPP, three experimental sites were selected in
homogenous stands of Imperata cylindrica, Saccharum spontaneum, and Narenga
porphorycoma. Grazing treatments were grazed and ungrazed. Burn treatments were early
burn (early February), late burn (mid-May) and no burn. Each treatment combination was
replicated twice with 20 x 20 m plots in a randomised split-block design. The 12 treatment
plots were laid out in a 3 x 4 arrangement, with each replicate consisting of a block of 6 plots.
Plots were separated by a 5 m wide fire lane; a 10 m wide fire lane surrounded the entire site.
Adjacent ungrazed plots for the two replicates were seperated by a 5-strand electric fence
powered by a 12 volt car battery.
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FINDINGS

The flood plain and upland habitat inside the Park was the main landscape subsystem. This
subsystem displayed dynamics different from those outside the Patk, because the river
channel was primarily cutting outside lands and depositing on the Park side of the river.
Saccharum spontaneum flood plain habitat increased 73% since 1964 to become the most
abundant vegetation type. Model simulations show that Saccharum spontaneum habitat area
will double over the next 50 years, if rent trends continue and dominate the landscape.

Ten grassland associations, with 6 phases, and 3 forest associations were identified. The
majority of types, with Saccharum spontaneum and Saccharum bengalense, but also some
with Naranga porphorycoma were considered stages in succession to riverine forest.

Indirect gradient analysis suggested that soil moisture, soil development, and fire were the
primary gradients underlying community organisation and succession.

Fire and grazing had significant effects on standing biomass of Imperata cylindrica. Early
burning, without grazing, produced the greatest biomass. Grazing removed the greatest
biomass from the late-burn plots, probably because burned plots were surrounded by older
and less palatable forage.

No significant grazing effects were found with Narenga porphorycoma standing biomass.
Sites burned early had higher production than late burned or unburned. ANPP of Chitwan's
grasslands appears to be among the highest in the world.

RECOMMENDATION
A list of priority research topics and questions should include:

1. Studies to examine large scale floodplain dynamics for the entire Rapti River
floodplain in the Chitwan valley. Remote sensing techniques would be ideal.
LANDSAT images spanning 10 to 15 years are probably available for better
estimating model parameters.

2. Effects of grazing and defoliation on production. How do grasses compensate for
grazing? What are the effects on competitive and successional relationships ?

3. What are the effects of climatic variation (rainfall and temperature) on annual
production.?

4. How does fire effect tree and woody shrub survival ?

5. Will staggered burning through the dry season increase species diversity by providing
critical hiding or thermal habitat for mammals, or nesting sites for grassland birds ?
Does staggered burning of Imperata cylindrica and tall grasses attract large
herbivores away from agriculture and decrease crop depredation ?

0. Investigation of grassland management techniques that will increase landscape
diversity and biomass production of Imperata cylindrica for wildlife and human
consumption. Does the resulting higher landscape diversity increase wildlife
populations, movements, or habitat selection ?
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ABSTRACT

This dissertation seeks to set in a historical context man's influence on the forests of the
Nepalese Pahad (the Middle Hills and montane areas). This is a complex task because the forests
have never stood apart as a separate sector in Nepal but have always been interwoven with other
land uses and with political, social, demographic and economic change.There are three depths of
consideration, associated with three sources of information. In the first, sources of information
are almost entirely secondary but they enable a general picture of Nepal as a least developed
country to be given, with emphasis on those aspects that have any bearing on forests. In the
second, the attention is focused on Sindhu Palchok and Kabhre Palanchok districts, for which
the author was the Divisional Forest Officer from 1973 to 1980. Here, much material is derived
from the author's personal knowledge. Finally, ten village panchayats in the two districts,
centred on the village of Thokatpa, are examined in detail largely using data gained from the
author's own field work undertaken during the course of his Ph.D. studies.The study leads to a
number of conclusions. First, that the deforestation of the Pahad is not a recent phenomenon but
has a long history, being well established by the late 18th century at least. Within the two
districts there is now no forest land suitable for conversion to arable land, with the possible
exception of some areas on the southern slopes of the Mahabharat Lekh. It appears that the
situation has been the same for many decades and probably for more than a century. Second,
that deforestation in much of the Pahad, and certainly in Sindhu Palchok and Kabhrepalanchok,
was caused mainly by the joint attack of government land use policy and subsistence agriculture.
Government policy promoted the conversion of forest to agriculture in order to maximize
agricultural surpluses and land taxes. Further, the forest was used extensively for many purposes
that extended beyond simple subsistence living, e.g. fuel for many manufacturing processes and
timber for the construction of the towns of the Kathmandu Valley. Subsistence living involved a
multi-faceted use of the forest, mainly for timber, fuelwood and fodder, the latter closely linking
the forest to agriculture. Thus the productivity of the agticultural land depended significantly on
the manute of animals fed on tree leaves. In many areas the combined effects of lopping,
browsing and fire have caused the degeneration of the surviving forest.

The study also showed that the condition, distribution and extent of forests in a district can only
be understood in the light of a comprehensive historical survey of all the factors that have had
offects. The factors have different effects in different areas, so that extrapolation from one area
to another is fraught with danger. Thus, deforestation is likely to have occurred earliest and most
intensively in areas where government pressure was most easily and continuously applied, such
as in the heartland of Sindhu Palchok and Kabhre Palanchok, including the Thokarpa area.

The dissertation also records factors which led to the emergence of community forestry in the
Chautara Forest Division, a development that has since spread through much of Nepal. In the
light of much evidence of neglect of the welfare of the peasants of the Pahad by the government
through much of Nepalese history and of the state's poor custodianship of the nation's forests, the
emergence of a sense of local, community-based responsibility for the forested land is seen as
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the most likely way to arrest, and even reverse, the slow deterioration of the forests with all the
adverse environmental impacts this entails.

PROBLEMS

Deforestation has in recent decades become a topic of wide-spread concern to a great diversity
of people, amongst whom are forest conservationists, biologists, watershed manages,
commercial timber traders and, above all, those in lesser developed countries whose lives
depend directly or indirectly on forest products such as fuelwood. Numerous articles in
newspapers are evidence that this topic is also seen to be of general interest to many not
immediately affected.Despite the holding of many conferences and workshops and development
of a large literature, there has been great confusion on such fundamental issues as the amount,
rate and causation of deforestation.If such problems exist in establishing the extent of the current
resource they are even greater in determining causation in relation to the rate of deforestation.
Who, or what, are the villains and how serious and rapid are their depredations? To begin to
provide answers to such questions requites the development of some historical depth of
knowledge, but all too often this is least available where it is most needed. The real rates of
change are seldom known accurately and the current rates cannot be set in an historical context.
Causation both current and historic, is ofen equally debatable. In the absence of such essential
background it is impossible to establish a well-based forest policy for a country or even to
produce an adequate appraisal of a proposed assistance project. The question can, therefore, be
asked 'Can historical research be of help in forest policy decisions?There is a direct link between
community welfare and the use of forested land through the needs for fuelwood and fodder.
Fodder is fed to animals which provide almost the only manurial inputs to crop production,
Many common agticultural practices and cottage industries are damaging to the forest. The
collection of fuelwood results in a serious drain on forest resources. Fuelwood use will exceed
forest production unless important efforts are made to establish new forests. Fodder use from the
forest is also considerable. Fire has been an agent of forest destruction. Weeds, such as Banmara
(Eupatorium adenophorum), also threaten the welfare of forest areas. There is only 0.27 ha of
forestland and 0.21 ha of cultivated land per capita in Nepal, making it one of the most densely
populated areas in the world. The area of forested land has been decreasing at an alarming rate in
recent decades but this loss of forest is confined mainly to the Terai (about 4% annually) and the
Siwaliks (a little more than 1% annually) but is negligible in the Pahad where land use is
relatively stable.

OBJECTIVE

A major aim is to support this contention by attempting to establish the place of forestry in the
developing context of Nepalese history. This is a complex task because the forests have never
stood apart as a separate sector in Nepal but have always been inextricably interwoven with
other land uses and with political, social, demographic and economic change.

To faciliate a better understanding of the rationale for this dissertation, the two major theses
arising from it were set out early in its introductory chapter. First, that deforestation of the Pahad
is not a recent phenomenon but has a long history. Second, that deforesation in much of the
Pahad was caused by the joint attack of government landuse policy and subsistence agriculture.
The desertation is concerned with these two main themes. In addition, the dissertation records
factors which led to emergence of communiy forestry in Nepal.
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METHODOLOGY

Special attention is to the Pahad because of the subsequent development of the dissertation. The
Pahad lies between the high Himalaya to the north and the low elevation, flat Terai zone bording
India to the south. It comprises the heavily-populated Middle Hills and the higher Montane zone
to the north, at the altitudinal limit of human activity.

The main body of this dissertation divides into three parts reflecting three depths of
consideration and three sources of information. The source of information are almost entirely
secondary, the field of vision is reduced and attention is focused on two districts, Sindhu
Palchok and Kabhre Palanchok. The author was Chautara Divisional Forest Officer from early
1973 to early 1980 and much of the material is derived from his personal knowledge and
observations, although secondary sources are also utilized. The content of this part is based on
information gathered by the author in the field between November 1982 and February 1983.

This information includes specific field observations and the results of an extensive series of
personal interviews with local residents conducted by the author.The details of these personal
interviews are given in appendices in Volume-II of the disertation. A photographic appendix is
also included in Vol.IL to help the readers gain some visual appreciation of the field study area.

FINDINGS
The major findings of the study are:

1. Enormous variation in elevation, slope, aspect, climate and soil has resulted in a very
complex mosaic of forest types in the Pahad.

2. Most of the forest types occurting from the valley bottoms to the limits of cultivation at
around 2,400-2,600 m have been modified due to use and abuse and some types have been
almost eliminated. Much of the forest land is shrubland and generally of low quality with
small valumes of timber per unit of area. Its forests have degenerated in quality, and
fuelwood, fodder and timber are all in short supply.

(98]

. Ttis very difficult to obtain accurate statistics on land use, and especially for the forested land,
because of inadequate survey and assessment and conflicting definitions of forest type.

BN

. The widespead deforestation of the Nepalese Pahad occurred not because of high population
density but largely as an offshoot from deliberate government policies.

5. TForest administration, as with other administration in Nepal, concentrated on revenue
collection during the Rana period and subsequently. Post-Rana lesislation concerned with
forests was often interpreted by the local people as not being in their best interests. Past
ruling regimes have been poor custodians of the forest resource and used it not at all for local
benefit, and as a consequence the forests suffered.

6. Reclaimation of forest was generally open to anyone who understood to bring it under
cultivation. Extensive areas of forests were also allocated to individuals and orgainsations as
land grants and endowments called birtas, jagirs and guthis. These have often been held very
tenaciously by the original grantees inspite of recent legislation.
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10.

11.

12.

13.

14.

An undeveloped philosophy on forestry in Nepal has led to an inadequate policy framework,
week institutional foundation and an inappropriate use of skilled manpower so that the forest
administration was unable to stem the tide of forest destruction. These factors have rendered
those in the profession in Nepal not only ‘guilty of not taking enough and not listening
sufficiently to the community at large’ but also frustrated, timid, and perhaps the 'most
demoralized of the new administrative elites’ in the country. They are, therefore, poorly
placed to withstand pressures for short-term or personal gain which arise from many soutces.

More recent legislation, the 1977 Amendment of the Forest Act in particular, dealing with
the allocation of forested land to be a administered by the village panchayat communities
themselves has sown the seeds of effective community forestry in Nepal.

Many common agricultural pursuits and cottage industries are quite damaging to the forest,
often due to the need for fuelwood. Fodder, fuelwood and even timber are generally
harvested as free goods, but local households use little timber for construction.

The collection of fuelwood within Sindhu Palchok and Kabhre Palanchok, represents a
serious drain on forest resources, but fuelwood use of about 350 to 450 kg per person per
year is one of the lowest recorded in Nepal, and probably in the world. Fuelwood use will
exceed forest production unless considerable efforts are made to establish new forests.

Fodder use from the forest requires about 2.8 ha of accessible unmanaged forest for every 1
ha of agricultural land. Sindhu Palchok and Kabhre Palanchok districts do not have forest
areas sufficient to satisfy this ratio and, due to the inequitable distribution of the remaining
forest, many village panchayats were found to have quite inadequate forest areas for local
needs.

Fire has been an agent of forest destruction in the past, but the incidence of deliberate and
accidental fire has declined in recent years, often as a result of community forestry
initiatives.

Serious weeds, like the Banmara (Eupatorium adenophorum), may prove a major problem

in the establisment, protection and maintenance of forests.

An involvement in the market economy and loss of ‘primitive purity’ is sometimes seen as a
cause of environmental deterioration. However, unlike the western Himalaya of India, it has
no validiy for the Nepalese Pahad.

CONCLUSION

The two major theses of this dissertation were: First, ¢ that the deforestation of the Pahad is not
a recent phenomenon but has a long history, being well-established by the late 18th century at
least.” The second thesis was 'that deforestation in much of the Pahad, and certainly in Sindhu
Palchok and Kahbre Panalchok, was caused by the joint attack of government landuse policy
and subsistence agriculture’. Both the secondary sources and the first-hand interviews strongly
support these two theses.

Some corollaries arising from these two main theses are: First, that the condition, distribution
and extent of forest in a district can only be understood in the light of a comprehensive historcial
survey of all the factors that have had effects. A second is that these factors will have different
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effects in different areas.

The dissertation is concerned with the two main themes. In addition, this dissertation records
factors which led to the emergence of community forestry in the Chautara Forest Division, a
development that has since spread through much of Nepal. Community forestry was seen as the
most likly way to arrest , even reverese, the slow deterioration of the forests with all the adverse
environmental impacts this entails.

RECOMMENDATIONS:

This dissertation has shown that successive ruling regimes in Nepal in the past have been poor
custodians of the forest resource in the Pahad. It is unlikely that the situation would change
significantly unless future governments and power groups change their attitude radically.
However, local communities have proved capable of taking appropriate action in their
enlightened self-interest. The 1977 Amendment of the Forest Act was thus seen to be
particularly appropriate for it allowed for forest areas to be placed in the hands of local
communities. The innovative thinking embodied in this community forestry Act must be boldly
extended to establish a partnership in forestry between the central government and local
communities for all the forest lands of the Pahad.

The study further showed that, with land pressure as it is, it would be foolish to assume that land,
under whatever legal ownership, would be readily given up to forestry unless it is in the local
interest to do so. Procedures need to be established to introduce the local interest into planning
for government-owned forests and especially into their utilization. In this way, a productive
partnership could be established between the state, with its technological manpower and
financial resources, and the local communities, with their local knowledge and interest in
protection and conservation of resources for their own use.

71
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ABSTRACT

This thesis attempts to establish the present place of forestry in the life of the people of the
Middle Hills of Nepali and to reconsider its role in the light of the changing rural economics and
environment. The results presented are based on research conducted in four areas representing a
continuum from remote area with near-to-subsistence economy based largely on agriculture and
livestock production, to an area with access to motor roads, markets and other economic
opportunities.

There has been a profound impact in some rural areas as a result of vatious initiatives by the
Government since the 1950s, particularly the development of infrastructure such as the building
of motor roads, and the spontaneous adaptation by people to development from outside the
village. In areas with access to motor roads, agricultural and livestock production activities are
increasingly becoming market oriented, and farm produce, including forest and tree products, is
being monetised rapidly. In addition, more rural people are becoming involved in off- farm
employment. and as a result the off-farm income has begun to play a key role in changing rural
household economics. All this, in turn, is resulting in rapid changes in:

e rural people's economic and resource management strategies,
e the pattern of demand for some important forest products, and, more importantly,
o the traditional farming systems, especially in areas closer to motor roads and matkets.

The evidence of change documented by this study gives rise to a number of important issues
concerning the Government's present policies on rural development including community
forestry. Approaches to planning and implementing community forest management adopted in
the past 15 years have been heavily protection oriented, allowing for utilisation only to support
the traditional farming systems and to meet the rural people's basic needs of fodder, firewood
and construction timber.

The present policies governing community forestry, and the approaches taken to implement
them, have certainly contributed to an improvement in the overall situation of the forest
resources in the country. Nevertheless, it is argued that they have failed to consider the changing
demand placed by new household strategies and the need to meet the demand of purposes
beyond subsistence requitements. In contrast, some rural households have already made
initiatives to respond to the changing demand and have been able to generate substantial income
by growing trees on private land and selling forest products in the market. The present approach
of the government to community forestry has, therefore, seriously underestimated the penitential
role of the forest resource in the overall economic development of rural Nepal. Further, the
indifference to market forces has not only decreased the value of common forest
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resources to government, communities and individual rural households, but has also contributed
to prolonging the suffering of the rural people, particularly the poorer people.

The thesis concludes with a discussion which identifies some of the major policy and
institutional constraints on the development of more effective, flexible and responsive forest.
management approaches to the changing demands of the rural economy. Some strategies for
future policy directions are outlined.

PROBLEMS

Tt is believed that community forestry can contribute greatly to raising the level of rural people's
income and thus alleviating poverts. In some parts of Nepal, the rural people have responded to
the rapidly developing market and the growing number of commercial enterprises using forests
products by opting to grow trees on their private land for sale in the market. Some rural people
are growing trees on their farmland to the extent that the whole process is leading to a change in
their strategy of land use.

It is in such a context that this particular research has been conducted It is a study of the
structures and economics ofchanging rural agrarian settings in Nepal, the processes by which
change takes place withinthem, and the ways in which these changes affect the lives of the rural
people and their use and management of local resources, particularly forest and tree resources.
Major aims of the study were to establish the present place of forestry and to reconsider its
continually evolving role in the changing context of rural land household economics.

The work was based on four hypotheses. The first is that the recent growth of transport and
communication links, towns and markets, and other spontaneous developments in the region,
have all led to the rapid transformation of some rural agrarian societies from a closed subsistence
economy to one which is open and under the increasing influence of market activities. Some
rural areas are expetiencing more rapid changes than others and are becoming mote dynamic in
nature.

The second is that as a result of these developments agricultural activities are becoming
increasingly market oriented. Rural people have increased access to sources of income other
than from agriculture, thereby bringing about changes in rural people's household economies to
the extent that the traditional farming systems are breaking down rapidly.

The third is that the changes in rural and household economies have led to changes in the pattern
of use of some resources, including the use of forest and tree resources.

The fourth is that as long as community forestry in Nepal is confined to the natrow objectives of
meeting subsistence needs for fodder, firewood and construction timber and excludes the
domestic market, the potential contributions of community forestry to the socio-economic
development process will not be fully realised.

A number of corollaries arise fromthe above hypotheses. One is that the present and potential
role of forest and tree resources in the changing rural societies of a developing country like
Nepal can be understood only in the light of a comprehensive socio-economic study in the
context of past and present situations. A second is that the focus of forest development and
management cannot be uniform across different areas. Extrapolation from one area to another
may, therefore, be fraught with danger. In other words, the objectives of forest development and
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management in a market-influenced area should be different from those for an area which is
predominantly based on the subsistence agticulture economy. Therefore, the four areas which
are the foci for this research have been chosen essentially to include:

o a fairly remote area with a quasi-subsistence (or near to subsistence) economy largely based
on agriculture, with limited external input for its development and with almost no (or very
little) market activity,

e an area with substantial external input for development activities and with considerable
market activities,

e an area lying between the above two extremes, where some market activities and limited
external inputs for its development are to be found.

The fourth area chosen is one where there have been substantial external inputs in the
development of its forest resource in order to reflect the approaches taken by the intervening
agencies, including the Forest Department, to management and development of forest resources.

The research focuses on the Middle Hills region of central Nepal, particularly on Kabhre
Palanchok district. '

METHODOLOGY

The research involved a total of 10 months fieldwork over two time periods: September to
December 1989 and August 1990 to February 1991. About 75 percent of this time was spent
living in the villages. :

A combination of several methods and techniques was used for gathering information. Some of
the major ones are as follows:

e use of aerial photographs for determining the general land-use patterns.

e field investigations of both physical and socio-economic factors of each areas using:
+ informal surveys,
o semi-structured interviews, and
o direct observations.

e Literature review

The physical survey of common forest resources was conducted using a designed pro-forma.

FINDINGS

The overall socio-economic development and the increased market activities, including
theemergence of several enterprises using forest products (particularly wood), have resulted in a
great alteration in the overall pattern of demand for forest products In general, there has been:

a reduction in the demand for certain forest products, particularly fodder and leaf-litter, for
quasi- subsistence needs, an increase in the demand for certain other forest products, specially
timber and firewood.
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It is clearly evident that unless the communities are really in control of the forest resource, it is
not possible for them to manage forests.

Tt seems that if utilisation of the common forest land in response to the market demand is to
occur, and to occur equitably, the initiative must come first from the highest levels of
government.

The importance of trees on private land is not denied. However the increased emphasis by
government and other development agencies on private planting programmes gives rise to some
serious policy implications, mainly because equity in tree ownership is impossible in the context
of the skewed land holding pattern.

Further, the emphasis of both the Forest Department and village leaders on the protection of
common forest resources and their limited utilisation for subsistence needs only means that only
private tree growers, especially the large Jandholders, will be able to sell forest products and
benefit from the opportunities provided by the market.

Village leaders and large landholders are usually ahead of the rest in seizing the opportunities.
Once a common forest management begins torespond to the market demands, these very leaders
and large landholders may take the opportunity to capture the benefits to the exclusion of the
smaller landholders and poorer members of the user group. Any future government policy on
community forestry will need to address the issue of equity within user groups.

Further, the growing market forces place emphasis on different kinds of forest products. In the
past, at least in the Middle Hills region, the subsistence economy based on agriculture always
placed heavier demands on forests for fodder and fitewood, whereas the increasing market
activities led to a greater demand for wood, and increasingly so for timber. Thus, the new market
demand for timber may result in conflict in the management objectives of given common forest
resources. This new dimension to forest management may even eventually demand decisions to
change the whole structure, species and composition of the forests.

The critical problem is that there has so far been no expetience whatsoever of either the rural hill
communities or the foresters, in managing common forests to meet the demands of the market.
So far the various approaches or systems for managing common forest resources in Kabhre
Palanchok district, have essentially been oriented toward protection and subsistence needs.

Clearly, the desired changes cannot be achieved in practice in a short period of time. Although
government forest policy in Nepal made provision for community forestry some 15 years ago,
there has hardly been any change in the attitudes of the majority of the foresters and in the
traditional way of working in forestry organisations. Communications between forestry field
staff and community members are still very poor, and indifferent attitudes and mistrust towards
each other prevail.

An important reason for the ineffectiveness of community forestry is that the foresters do not
trust villagers to manage forests properly. Foresters see themselves as the ones who have a
monopoly of knowledge about forests and trees They are reluctant to hand over the authority for
managing forests to communities. Thus, forestry and watershed management projects in Nepal
often include programmes to teach farmers about the importance of trees and forests and to
motivate them to plant and protect trees, especially on private lands.
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The effort which the government is making to motivate farmers to plant trees (something they
are already doing) is misplaced, at least in terms of priority. However, government action to
support private tree growers with advice on species selection and provision of appropriate
seedlings, by removing legal and institutional constraints and by relaxing regulations that restrict
the cutting of trees for the market is needed.

Another reason for the ineffectiveness of community forestry, especially in handing over forests
to communities, has been the tendency for foresters to collect very detailed information about
forests, such as boundaries and species of the forests, through full surveys and inventories. Such
information is not required by the local people for users-group management as they already
know about the forest because they have been using it.

On the other hand, villagers do not trust foresters, who have always acted as a police force rather
than as a technical service and have denied villagers the right to cut trees even from their own
lands. However, although villagers have been planting trees on private land and protecting their
common forests themselves, it is true that the local knowledge, like any scientific knowledge, is
not perfect. Case studies showed that indigenous forest management is also not without
problems.

Thus, both foresters and - gets will need to change their negative attitudes towards each other,
develop understanding and learn from one another. The need is to change the education of
foresters to make their understanding of forest management in the hills appropriate.

For any development policy to provide sound guidance, it is important to have an appropriate
vision. In Nepal, community forestry in its initial stages had a vision, but that seems to have
been lost in an undue concern with bureaucratic, administrative and technical problems. Because
of the lack of current well thought out aims there is much confusion, resulting in misleading
policies and in inappropriate approaches to planning and implementation of community forestry.
The Government's current forest policy, particularly community forestry policy, has been
emphasising the planning and protection of forests and trees and meeting rural people’
subsistence needs for fodder, leaf-litter, firewood and construction timber. There are no
provisions for the supply of forest products to the rapidly developing domestic market. Yet the
increased domestic market for forest products cannot now be ignored. Not only private tree
growers but also common forest users will certainly respond to the forces of the market.
Appropriate government policies will make these responses more orderly, more lawful and more
likely to be equitable. Unfortunately, there are few signs that appropriate policy changes are
being considered. '

So far, policy makers and planners have been attempting to hit a moving target and constantly
missing it. One fundamental reason for this has been the perceived role of the forest resource.
Throughout the history of Nepal up to the present, the potential role of the forest in socio-
economic development has been seriously underestimated.

While the "fodder-firewood-timber" concept may be still applicable in some patts of rural Nepal,
it is less appropriate for other areas, particularly those which are coming under the increasing
influence of market activities and where people have chosen to reduce their livestock numbers.

Forestry activities such as afforestation, production, harvesting, processing and trading of timber
and other forest produces can be significant sources of employment and income, especially in
rural areas with limited economic opportunities. The demand placed by the market on the forest
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and tree resources should be seen here as an opportunity, rather than a problem, for community
forestry.

RECOMMENDATIONS

First, rural societies are dynamic, not static, so that the Government's rural development policies
in general and forest policy in particular must keep pace with these changes.

Second, the Government's current emphasis on protection of the forest resource and the ban on
the felling of green trees from the common forests is misdirected, and its result may be the exact
opposite of that desired. Attempts to ignore the expanding domestic market for forest products
will not only decrease the value of the forests and trees to government and private owners, but
may well result in even less protection of the common forests than currently exists. More
importantly, such an approach has the potential to slow the pace of development, and thereby
prolong the suffering of rural people, particularly the poorer people.

Finally, Nepal's present policy governing community forestry must change its objectives from
being merely to meet the subsistence needs for fodder, firewood and simple construction timber
to increasing the income of the rural households. For this, the new strategy should aim to
develop new, and to support the existing, forest-based enterprises. There should be a much
stronger commitment to realistic forestry, and especially community forestry, from political
leaders and planners than there has been in the past. This includes commitments not only to the
allocation of funds and other resources and to removing institutional constraints but also to
socio-economic development of the nation, with forestry and forest-based industries playing
their proper patrts.
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ABSTRACT

A field study of the gharial (Gavialis gangeticus) was conducted in the Royal Chitwan National
Park, Nepal, to determine the status and ecology of this species in the Narayani River.
Systematic surveys conducted in December 1986 and May 1987 revealed that a minimum of
103 (0.93 gharials/km) wild and released gharials survived in the Narayani River. The sex ratio
of wild gharials, 1 male: 9 females, was critically low. The low number of males was attributed
to heavy poaching of males in the past.

Habitat surveys conducted in June 1987 and January 1988, indicated that rocky banks were the
most available habitat (0.55-0.50) in the Narayani River, followed by sand banks (0.34-0.17),
grass banks (0.19-0.06), sand-grass banks (0.11--.03), and river channel (0.03-0.01). Larger
gharials were observed on sand banks more frequently (mean = 79, SD = 15.1, n = 1658) than
on rocky banks (Mean = 12.6, SD = 9.6, n = 410), whereas small gharials used rocky banks
more than larger animals. Gharials are synchronised nesters with egg-laying occurring from
March 25-April 18. A total of 73 nests observed during the years 1977 and 1987, yielded a mean
clutch size of 35.2 with SD of 1.1. The mean incubation periods and hatching rates of eggs from
the Kali Gandiki and Narayani rivers were 78 days SD=9 and 60.9%, and 81 days SD= 11.5 and
67.7% respectively. From 25 to 80% of the hatchings died within the first year of life.

Two areas were evaluated for reintroduction of the gharial in the Narayani River. Primary
criteria used to evaluate the release sites included deep, fast-flowing, clear water; high banks;
deep pools; and undisturbed sand banks at the river edge. A total of 218 juvenile gharials had
been released (183 into the Narayani and 35 into the Kali Gandiki) between 1981 and 1987; 52
(23.8%) of these still survived in the Narayani as of December 1987. Movement of released
gharials was quite variable with respect to both distances travelled and directions of movement.
Large gharials (> 1.2 m in length) moved upstream (23%) more frequently than small (< 1.2 m)
animals (8%). The future success of the gharial reintroduction programme in Nepal will be
contingent on the adherence to three strategic elements: the release of gharials > 1.2 m in length;
the selection of release sites that provideprimary habitats suiting the principal dispersion age of
the released gharials; and release of gharials in late winter to facilitate the establishment of site-
fidelity bonds by individuals prior to the monsoon season.

PROBLEM

Until the early 1960s, gharials were found in all major rivers of the Indian sub- continent, but by
today this population has virtually disappeared. In fact, the gharial probably would be on the
verge of extinction were it not for the recent gharial conservation programme implemented in
India and Nepal. Many factors contributed to the decline of the gharial population: habitat loss
and disturbance; lack of strict enforcement of existing laws; killing the animal for its hide
(leather) and for the ghara of the male; entrapment in nylon gill netsintroduced for fishing;
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construction of reservoirs and dams in suitable habitats; and poaching of eggs by the local
people for medicine and food. Collectively, these factors have resulted in the gharial becoming
one of the rarest and most endangered crocodilians in the world. A high priority was given to
this species by the TUCN/SSC. Gharials are listed as an endangered species in the IUCN Red
Data Book (1975).

In Nepal, gharials were once widely distributed in all major river systems of the couniry, but
cutrently the species is found only in isolated populations in the ‘Karnali, Babai, Kali and
Narayani rivers.

The recent decline in the numbers and distribution of the gharial has prompted considerable
concern for its future. Remnant populations are presently confined to relatively small areas of
the major river systems of Nepal and India. Very little is known about its ecology and behaviour.
Nest flooding, caused by man-induced hydrological changes, is now thought to be the principal
factor limiting the population in the Narayani River.

Restocking of depleted populations of crocodilians has been discussed as a viable management
techniques. Artificial hatching and rearing can greatly reduce mortality rates of crocodilian eggs
and young, and subsequently the animals can be reintroduced to natural populations at a size and
age at which mortality is low.

OBJECTIVES

This study was designed to elucidate the factors which interact to influence the survival of the
gharial and to assess the success of its conservation efforts. The conponents of the study were:

1. literature review of the current status of the wild gharial;

2. establishing the distribution of remnant populations and habitat use of gharials in the Narayani
River;

3, establishing values of wild nest parameters and captive hatching success of gharials in Nepal;

4. determining dispersal patterns, movements, and survival of gharials released in the Narayani
River; and

5, recommending a management programme based on the results of the study.

METHODOLOGY

A survey of gharials in the Narayani and Kali Gandaki rivers was conducted during 1983, 1984
and 1987, using four dugout canoes and a team consisting of two observers and eight boatmen
who were members of the local ethnic group, the Bote. During the 1987 study period, the entire
lengths of the Kali Gandaki and the Narayani were surveyed once each month. Surveys were
conducted between 0900 hrs and 1600 hrs. Each survey required 10 days to complete. During
each survey, the estimated size, sex and location of sighted animals were recorded. Observers
used 7x50 binoculars to obsetve gharials. The monthly census statistic was the sum of the daily
census counts.
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FINDINGS

Before 1960, gharials were abundant in the Narayani River and its largest tributary, the Rapti
River, in the Chitwan Valley of south-central Nepal.

The visually observed sex ratio of the gharial in Nepal, which, strongly favours females,
represents a problem of paramountconcern. The highest sex ratio, 1 male to 6 females, was
recorded in 1984, and the lowest ratio, 1 male to 9 females, was recorded in 1987. The low
number of males can be attributed directly to (a) heavy poaching of males in the past for ghara
and (b) temperature effects on incubation and hatching in the hatchery. Because eatlier
superstitious beliefs about the ghara have diminished, modern poaching may not be as selective.

Gharial eggs are believed to have medicinal value in parts of India and Nepal. In Nepal, the local
Tharu people believe that the eggs have aphrodisiacal and medicinal values, for example, the dry
powder of the egg is considered to be effective as a cough medicine.

RECOMMENDATIONS

Since the gharial population has continued to decline, conservation measures are necessary to
protect the surviving population. It is recommended that the existing rehabilitation programme
in the Chitwan be expanded to the Karnali, Babai and Koshi rivers and monitored in the Koshi
and Karnali rivers, and the efficacy of these programmes be monitored.

Based on the 10 years experience of the Gharial Conservation Project in the Royal Chitwan
National Park, certain guidelines should be followed in the continuation and expansion of the
project. The following recommendations are submitted:

1.  Since survey counts made in summer (May) and winter (January) indicated that winter
counts provided higher numbers because of low water conditions and increased basking and
wetre considered more reliable, it is recommended that survey of existing wild populations
and released gharials in each suitable river of Nepal should be conducted annually in winter
(December to February) to maintain and update the status of the species.

2. All important habitats for the gharial should be identified and, the Kali Gandaki and Babai
rivers should be declared as special gharial reserves as soon as possible. The existing
gharial populations there are eminently endangered because of continued poaching and
habitat disturbance.

3. In some stretches of the Narayani River, the local fishing contractors recently have used nets
which extend entirely across the river. For the protection of the gharial as well as fish and
other valuable aquatic resources, such large-scale fishing activities should be stopped in the
Narayani River. Fishing by free permit should be restricted to floating baits and throw nets.

4. It is recommended that gharial eggs be collected and artificially incubated to avoid natural
losses of eggs and hatching. However, in the future, some nests which appear safe from
flooding should be left undisturbed to evaluate success and survival of wild hatchings.

4

Data from gharials released in 1981, 1982, 1983, 1984 and 1987 indicated that larger
animals (> 1.2 m in length) had a higher probability of survival than the smaller ones.
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Larger gharials should therefore be released in future to improve the success of the release
programme.

6. Hatching success is dependent upon careful handling of the eggs. Nests should be opened in

either early morning or late afternoon; original orientation of the eggs should be maintained
by marking the top of each egg, but away from the white egg band to avoid any toxic effect
on the embryo; collected eggs should be transported rapidly, avoiding vibrations and shock,
in a strong box with sufficient sand to maintain constant incubating temperature and
humidity during transport.

Incubating pits should be dug above the high-water mark and not be subjected to strong
ground vibration. A predator-proof fence as well as guards should be provided to protect
eggs from predators and humans.

8. Re-introduction sites should be chosen in protected areas within the known geographical

10.

11.

12.

13.

14.

15.

range of the species, and should be free from detrimental human disturbance such as
fishing, poaching of eggs, illegal hunting, and habitat destruction.

The future release site in the Narayani River should be shifted 45 km upstream, near to
Sikrauli.

Buffalo or chicken meat is the recommended diet for captive animals.

Animals should be released at the upper ends of the rivers to allow them to establish
themselves there rather than being washed down to the Narayani River.

From experience in the Narayani River, gharials should be maintained in a temporary
enclosure adjacent to the release site for two weeks prior to release to acclimatise them to
the wild.

All released animals should be tagged and measured prior to release to enable better
estimates of survival, mobility and growth rate.

Regular long-term monitoring of released animals is vital for measuring such factors as
distribution in relation to food, water depth, sand banks, survival, and movement patterns.
Public education is an essential contponent of a gharial rehabilitation programme in Nepal.
People residing near the Narayani River should not consider the gharial to be an animal
which conflicts with local interests.

A programme similar to that for the gharial is needed to re-establish healthy populations of

other repile species in the river. In conjunction with management programmes, much
needed biological data could be gathered on these species. '
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ABSTRACT

The Royal Chitwan National Park in southern Nepal is one of the few areas where the four
species of deer-chital, hog deer, sambar and barking deer-still co-exist. The objective of this
study was to investigate the habitat utilisation, breeding seasons and social organisation of these
species, with particular emphasis on the chital. Detailed information is also given on the daily,
seasonal and annual home range behaviour of chital based on the use of radio-telemetry. Data
are presented on the annual mortality of chital, the importance of the four deer species in the diet
of tigers and leopards, and their anti-predator behaviour. Future research priorities and
management options for the future of Chitwan National Park are appraised.

PROBLEM

Throughout the Indian sub-continent many animals species that were once widespread have now
become greatly reduced in numbers and distribution as a result of human expansion. The trend
has been most noticeable amongst the large mammals, and many of these are now severely
threatened. At present they are mostly restricted to national parks and reserves and their future in
areas outside these sanctuaries is at best uncertain. Their future depends mainly bn the success of
attempts to maintain small and more or less isolated populations in national parks and reserves.
To manage these areas properly and so conserve the animal species, a profound understanding
will be needed of how the populations and the ecosystems in which they live function and of
how human activities affect the systems.

The Royal Chitwan National Patk in southern Nepal was set up originally to protect and
consetve one such large mammal species, the Great Indian one-horned thinoceros (Rhinoceros
unicornis), since it was one of only two last strongholds of this species in the world. However
the park contained many other endangered species, notably the tiger (Panthera tigris), leopard
(Panthera pardus), gaur (Bos gaurus), Gangetic dolphin (Platanista gangetica), gharial
(Gavialis gangeticus), Great Indian Bustard (Chloriotis nigriceps) and number of ungulates,
including the chital or axis deer (4xis axis).

The main emphasis of this study was to produce part of the scientific base for conservation of
deer and tiger in Royal Chitwan National Park. There have been many studies of deer in various
patts of the world with the advent of the British "Raj" in India, the chital and other deer were
described in journals and books published since the last century, but most of these only provide
interesting histotical records and some useful summaries on distribution, weights, and body or
antler size. There have been only three major studies of deer species in the region and these were
conducted a decade or so ago in severely man-altered environments where the forests were
constantly disturbed by human activity and large predators were reduced in numbers. Thus this
is the first detailed study within the region in an area of maximum diversity of deer species and a
full complement of predators, and competitors, and it is hoped that it will give some insight into
how populations of deer operate in such conditions.
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This study focused on the chital (A4xis axis), the most important of the tiger prey species, and
provides comparisons with the three other species of deer (Axis porcinus, Cervus unicolor and
Muntiacus muntjak) that share the national park with the chital and are also preyed upon by the
tiger.

METHODOLOGY

1. Direct Observation

Direct observation was used extensively to investigate habitat utilisation, social structures and
breeding seasons.the best strategy being to go out and search for the animals. Thus the
observations were made by traversing quietly through the forest on the back of an elephant
along a grid 1 metre wide cut specifically for the study. The grid line was marked at regular
intervals to estimate the proportion in each habitat.

2. Capture Techniques

The following capture techniques were used:
a) drive technique;
b) darting;
c) common net

3. Drugs, Doses and their Effects on Chital

Sedative drugs were administered to 31 chital of different sex/age classes and the effects of
sedation were recorded. Drugged animals were weighed to estimate the doses in mg/kg of
body weight. Xylazine solution (Rompun) (100 mg/ml) was the main drug used either alone
or mixed with other drugs. Xylazine alone was administered to 26 deer that were caught by
the drive technique or the cannon net.

4. Radio Tracking

The capture deer were fitted with radio collars. The radio collar had a two-stage transmitter
and emitted pulse signals at the rate of 65-80 pulses per minute. Each collar transmitted at a
different frequency within the band of 164 to 165 MHz. Power was provided by two 2.8 V
lithium batteries.

The receiver weighed about 1.8 kg. and had a frequency control synthesiser in 1 kHz increments
over 1 MHz band. A Telex Model 610-2000 headphone was used with the receiver.

Radio tracking was done mostly from elephant-back but occasionally by foot or motor vehicle.
Time, date and notes about the habitat, locations and where each reading was taken were
recorded. The collared deer were sighted at times and their herd composition and notes on their
behaviour were recorded. However no attempts were made to pursue visual observations with
the aid of radio, to avoid disturbing the animals or shifting their position.
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FINDINGS

The tiger is the largest of all the carnivores in the park and thus.is at the top of the food chain. It
is linked to the deer for its survival. It has been shown in this study that riverine forest and
grassland are the habitats that contain the greatest diversity and concentration of deer. Large
areas of pure sal forest or grassland contain much lower densities of prey.

The shape of the national park is elongate, and the riverine forest and grassland habitats occur
mostly along the northern edges, separated only by the rivers from adjacent farmland. The rivers
do not form an effective barrier to the movements of either deer or tiger. Loss of livestock and
life increases antagonism towards the tiger, and some have been poisoned in forest or grassland
in close proximity to villages.

Most of the interior of the park is sal forest and is therefore the poorest habitat for deer and tiger.
Much of this is on steep-sided valleys where attempts to alter the habitat could prove disastrous.
The lower lying flatter ground below the hills on the northern side offers more potential for
habitat manipulation. It would not be possible with present knowledge to change any of this into
riverine forest. However it seems a workable possibility to convert patches of it into grassland.

The greatest increase in chital would occur if the grassland were kept permanently short and the
palatability of the vegetation therefore kept high. Hog deer would, however, require at least
some grass kept permanently high and dense for cover. There is no reason why a balance
between these could not be struck. Rhinoceros (Rhinoceros unicornis) can also be expected to
increase with the increase of grassland habitat.

Both fire and grass cutting are, and will remain, an important part of the park management.
Little is known of the long-term effect of these practices. Fire probably has been part of the
ecosystem for thousands of years but intensive grass cutting is relatively new.

FUTURE RESEARCH

A top priority must be to learn as much as possible about the feeding behaviour of all four
species of deer. Although some information is available for Chitwan and elsewhere this is
superficial. There is a need for highly detailed studies. Only in this way will we ever be able to
understand fully the significance of many of the findings of this and other studies.

Although this study provided some information on all four species of deer it concentrated on the
chital. There is an urgent need for much more detailed studies of the other species, especially
sambar and hog deer.

At present almost nothing in detail is known about the social system and population density of
the sambar. How large are their home ranges ? Are individuals restricted to separate patches of
Riverine forest? Do home ranges overlap ? Are adult males territorial ? These and many other
questions need to be answered.

The hog deer needs to be studied because it is probably more endangered than any of the others.
It relies on extensive areas of tall grassland, usually in the flood areas of the rivers. This is
exactly the kind of area that is most in demand for agriculture. Again little is known about its
social structure and density. It is essential to know these so that one can assess the adequacy of
sizes of existing suitable habitat.
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Mote research is needed, especially on leopards, to find out how much they rely on deer and
other species and how much they rely on domestic animals caught close to or outside the park
boundaries.

It is also important to undertake research into how the park/people conflict can be minimised
and how the local people can be involved in and derive benefits from the national park. Unless a
symbiotic relationship between the needs of conservation and the needs of local people can be
developed it is doubtful if any park or reserve will survive well beyond the next few decades.
Then it will not be only the endangered species in any particular park or reserve that will be
extinct but the whole ecosystem.
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ABSTRACT

The main objectives of this study were to investigate changes in grass quality following cutting
and burning of grasslands and the response of the axis deer (Axis axis) to spatial and temporal
variation in food quality resulting from this habitat manipulation. The grasslands dominated by
matured Imperata cylindrica were sampled in December, and resprouted grass following
different treatments of cutting and burning were sampled and analyzed for lignin, silica,
hemicellulose, cellulose, total ash, N, K, P, Ca, Mg and Na. Deer response within the grassland
was studied using experimental plots with different treatments of cutting and burning. Seventeen
axis deer were radio-collared to study annual habitat preferences and spacing behaviour. The
mineral content and wildlife use of soil licks and aquatic vegetation were recorded to reveal
alternative sources of minerals which were low in the grass forage.

All treatments of cutting and burning improved grass forage quality compared with matured
December grass.The present practice of cutting followed by burning gave the best overall quality
improvements. Compared with matured December grass the reduction in lignin and the increase
in N, P and Na were particularly important, since the concentrations of these elements were
generally low in mature grasses.

Cut/burned areas were also preferred by axis deer when given the opportunity to select between
uncut/unburned, cut/unburned and cut/burned grassland. When no burned-over areas were
available, axis deer were also attracted to areas that were only cut, although the numerical
response was more rapid in the burned areas. In the late dry season, areas burned in late
February were preferred to areas burned six weeks earlier. However, provided newly burned
areas were unavailable, density of deer on cut/burned areas did not decline from January to
March.

On an annual basis, axis deer used the grasslands preferentially only at night during February,
March and April. Males were more associated with forested habitats throughout the year than
were females. During the cool and hot-dry season, riverine forest was the preferred habitat
whereas sal forest was the preferred habitat during the monsoon and in the cool part of the dry
season. Both seasonal and annual movements of axis deer were small. Female and male annual
home ranges averaged 135, SD33 ha and 204, SD38 ha, respectively. Evidence is presented that
the home ranges found in this study were smaller than those in another study in Nepal, due to the
fine-grained habitat mosaic in the area.
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The concentrations of Na in the grasses were low throughout the year. Twelve species of
mammals used soil licks rich in Na found in the area. Axis deer preferred licks with high
concentrations of Na and used them more frequently during January, just after grass resprouting,
than in March. Barasingha (Cervus duvauceli) compensated for the low mineral content of
grasses by consuming aquatic vegetation with 3 to 100 times higher Na content and 11 to 128
times higher Ca content than terrestrial grasses.

The present practice of cutting and burning has positive effects on grass forage quality. It is
recommended that evenly distributed patches covering about 50% of the grasslands be burned in
early January, immediately after the grass cutting petiod. Remaining grass patches could be
burned in late February and March for the provision of high quality forage towards the end of
the dry season. In view of the extremely low Na content of terrestrial grasses in the area, special
care should be taken to protect the soil licks and the sites with aquatic vegetation in the park.

The study was conducted in the south-western part of the Royal Bardia National Park.

PROBLEM

Cutting grasslands is common in lowland Nepal during the dry season. This practice has also
continued within national parks because of local people's needs for thatch grass. After cutting,
much of the grassland is burned. The removal of old herbage by cutting, burning, or both,
stimulates grass growth in the dry season. Axis deer (4xis axis), barasingha (Cervus duvauceli)
and hog deer (Axis porcinus) congregate on the grasslands and forage on the emerging green
shoots. Axis deer, the dominant large herbivore in the area, is classified as an intermediate
feeder, feeding on a mixture of browse and grass. Axis deer utilize the grasslands
opportunistically when high quality forage is available there. It is therefore a suitable species for
studies of selection patterns within different management practices of burning and cutting, and
for seasonal preferences for grassland. '

METHODOLOGY
Forage Quality Studies

The contents of N, K, P, Ca, Mg, Na, total ash, lignin, silica, hemicellulose and cellulose were
selected as-indicators of; grass foragequality, Samples,of imatured grass, (n =18) were collected

from sthree: Jmperata i cylindrica. dominated. expetimental ;sites  in December,, The, locations
sampled in December were resampled in February and April on cut/unburned, cut/byrned and
uncut/burned sections of the grasslands. '
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Axis Deer Selection Experiments

The numerical response of axis deer to cutting and burning was studied by first cutting a 2.7 ha
grassland and then burning the entire grassland 30 days after cutting. Deer densities were
recorded daily for about two months after the burning started.

Spatially mixed uncut/unburned, cut/unburned and cut/burned experimental plots were used to
record axis deer treatment preferences. Twelve different experimental plots were marked out on a
124 ha grassland to study deer selection of plots burned at different times during the dry season.
Deer numbers on the different plots were recorded regularly (n = 20) at sunset for about three
months. :

Axis Deer Spacing Behaviour and Habitat Use

Seasonal habitat use and movement patterns were studied using ratio-instrumented animals. A
total of 17 animals were radio-collared and 1921 female and 605 male locations were obtained
during a 2-year study petriod.

Alternative Sources of Minerals

Soil samples from 15 mineral licks were sampled and analysed for extractable P, K, Mg, Ca, Na
and S concentration and pH. Sixteen control soil samples from sal (Shorea robusta) forest,
riverine forest and grasslands were also analysed for the same mineral elements. Wildlife use of
the soil licks was recorded during two 10-day periods in the dry season.

Aquatic plant samples eaten by barasingha were sampled during dry season and analysed for N,
K, P, Ca, Mg, Na, lignin, silica, hemicellulose and cellulose. The contents of the aquatic plants
were compared with those of three dominant species of terrestrial grasses-Imperata cylindrica,
Vetiveria zizanoides and Saccharum spontaneum-which were collected in the cool-dry season,
the hot-dry season and the monsoon.

FINDINGS

Both the herbivore selection pattern and forage quality analysis showed that the present practice
of cutting and burning has positive effects on the grass pasture quality. However, in the pe1iod
after grass resprouting the grass quality was gradually reduced and higher densities of axis deer
were found on areas burned in late February compared with areas burned six weeks eatlier.
Fu1 eithote, on' fivfal basxs’égﬂs deel“usied the glasslandipleferentlally ik ebruary, rMarch!
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fnportatt in’ sustaitiing igh' poptilitiotis'of Wwildlife in' Ithis ared! Present: government-plansito
build a large hydroelectric-power plant and an irrigation channel upstream from the! barasingha
range in the Karnali River accentuate the need for protecting the aquatic plants in this area.
Changes in the Karnali river flow may adversely affect the aquatics and subsequently the small
remnant population of the endangered barasingha.
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RECOMMENDATIONS

Based on the above findings, it is suggested that evenly distributed patches of grassland covering
about 50% of the total grasslands should be burned in early January following the 2-week grass
cutting period. Remaining grass patches should be burned in late February and March for the
provision of high quality forage towards the end of the dry season.

Further studies are needed to determine the long-term effects of fire both on the nutritional
qualities of the grasses and on successional patterns.

89




~ COMMERCIAL NON-TIMBER FORESTRY IN CENTRAL NEPAL:
EMERGING THEMES AND PRIORITIES '

Olsen, Carsten Smith.
Ph.D. (1997)
Royal Veterinary and Agricultural University, Denmark

ABSTRACT

Quantitative and qualitative data on commercial non-timber forestry, with the focus on
medicinal and aromatic plants, were collected in Gorkha District. The research emphasised: (i)
analysis of resource base related issues; (ii) analysis of trade and marketing issues; (iii) analysis
of policy and legislation issues; and (iv) evaluation of the impact of trade on the resource base.

A general model describing the commercial non-timber forest product (NTFP) resource base in
Central Nepal was developed. It allows extrapolation of experiences and research results;
provides a basis for making stratified sampling of villages; and makes it possible to integrate
commercial NTFPs into rural development planning.

Average daily income from collection of commercial medicinal and aromatic plant was
competitive with other income generating activities and constituted an important part of annual
income of poor households' in the northern and middle parts of the district. There was well-
established market for a wide range of products and the demand was generally increasing.
Analysis of marketing margins and price data indicated that there was limited market
information and poor market integration for medicinal and aromatic plants.

A review of forest and forestry related policies and legislation revealed that policies have not
been translated into legislation. The impact of the new forest legislation on rural collectors was
found to be diametrically opposed to stated national policy objectives. It was found that
fundamantal changes are required to bring forest legislation in line with policy objectives.
However, Such changes require that the views of collectors be reflected in final legislative
decisions. However these are likely to take place only in the long term.

Using available data on market values of commercial NTFPs and the information on their
accessibility and management, a general model for evaluating the sustainability of their
utilisation was also developed. It has been argued that utilisation is generally sustainable and
does not endanger any species. However, local population may diminish, and there is a need to
discuss the desired and acceptable levels of sustainablity in Nepal.

PROBLEM

Forestry outputs could play an important role in the effort to sustain and improve livelihoods of
rural people in Nepal. As the new "people centred" forestry paradigm is becoming more
established in Nepal, increasing attention would be paid by policy makers to the use and
potentials of NTFPs. The limited number of past studies on NTFPs focussed on their subsistence
uses, traditional knowledge of medicinal plant use, and their botanical identification.
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The only commercial NTFP to be studied in any detail was the bark of Daphne spp., used for the
production of handmade paper. Today, the main focus is on commercial medicinal and aromatic
plants. Nation wide research commenced only after three important publications appeared in
1993. Since then a number of workshops and seminars have been conducted and investigations
are cutrently underway at many locations throughout the country.

Despite the increasing number of research projects and the growing number of publications,
there is a general shortage of studies on NTEPs in all main areas: from subsistence uses to
characterisation of overseas markets and final consumption patterns. Attempts are made to co-
ordinate NTEP research at the national level. This is encouraging. However, the currently
available information is generally of low quality and cannot be relied upon for generalisation.
There is a severe lack of both qualitative and quantitative data to guide policy decisions.

METHODOLOGY

Field work for the study was underaken in Gorkha District in the central hills and mountain
region of Nepal. Data were collected through interviews, direct observations and literature
review. Mainly some 1,000 semi-structured interviews were conducted with collectors, farmers,
village traders, government officials, NGOs, etc., to determine issues ranging from village types,
collection areas and seasons, economic importance of vegetation types, management and
utilisation systems, and marketing decision-making to legislative development. Inteviews and
obsevations were made in all the seven VDCs in the northern part of the district, all six VDCs in
the middle part, and in 22 of the 56 VDCs in the southern part of the district. A range of
methods were used depending on the data required and the setting of the interviews: structured
questionnaire; semi-structured open-ended interviews; topic-focused interviews; and informal
conversational interviews.

Interviews were conducted with individuals (including key informants), focus groups and
communities. Interviews were undertaken in all subsitence production type villages and all
vegetation types were visited. Harvesting was studied by active participation in discrete and
incidental collection trips. Specimens of commercial medicinal and aromatic plant species were
collected and taxonomically identified. Regarding vegetation analysis, the Braun-Blanquet
method-used in similar areas of the Nepal Himalaya - was adopted here to enable comparisons.

The collected species were followed from harvesting sites to the wholesale markets in India. But
the trading links beyond the main wholesale market in Delhi, and abroad,could not be
investigated. Structural and functional aspects of the NTFP trade were investigated by
conducting monthly interviews with 12 local and regional traders. Prices were monitored at the
three main road head towns and at the wholesale and retail markets in the Terai. During the
same petiod prices were collected in Delhi, the main Indian wholesale market for medicinal and
aromatic plants from central Nepal.

FINDINGS

Analysis of resource base related issues

A general model describing the commercial NTFP resource base in central Nepal was
developed. It provides a basis for: (i) integrating commercial NTFPs into rural development
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activities from the initial planning phase; (ii) making stratified sampling for village level
investigations; and (iii) extrapolation of experiences and research results.

A number of species which are commercially utilised elsewhere in Nepal, are found in Gorkha
District but are not presently harvested and sold. The reasons for this appear to be: (i) the lack of
informaion about the valuable species of Nepal; (ii) the collectors can not recognise species in
the field; and (iii) the returns on labour are perceived to be unsatisfactory.

Analysis of trade and marketing issues

Average daily income from commercial medicinal and aromatic plant (MAP) collection is
competitive with other income generating activities. It constitutes from 15 to 35 % annual
household income of the poor in the northern and middle parts of the district. Commercial MAP
collection is generally not important in the southern part of the district. Collection is undertaken
in accessible forests and pastures. The density of commercial MAPs is high and their availability
so reliable that an extensive harvest has been collected annually for generations. In general,
dwindling supplies are not seen as a major problem by collectors or traders.

There is a well-established market for a wide range of MAP products and the demand for these
products is generally increasing as the harvested and dried MAPs move southward from the
forests and pastures in the Nepal Himalaya to the main markets in Indian Gangetic plains.
Approximately 98% of the products are exported unprocessed to India. The main actors in the
trade are collectors, road head traders, Terai wholesalers and Indian wholesalers. An analysis of
profit margins and price data indicates that MAP markets are imperfect: there is limited market
information and poor market integration.

Analysis of policy and legislation issues

A review of forest and forestry related policies and legislation reveals that policies have not been
translated into appropriate forest laws. The impact of the newly adopted forest legislation on
rural collectors is diametrically opposed to stated national policy onbjectives, even to the extent,
that the new forest legislation leaves collectors worse off than the previous forest legislation.
The legislation acts to the lowering detriment of hill and mountain farmers by collector margins,
reducing competition among wholesalers and encouraging corruption. Some of the main
problems related to NTFP in the current legislation can be traced back to at least the 19th
century.

Evaluation of the impact of trade on the resource base

The main findings of the study on the evaluation of the impact of trade on the NTFP resource
base were: (i) no species are threatened with extinction because of commercial collection as
botanical extinction also means economic extinction; (ii) if returns from collection of a species
remain competitive over a period of time and availability decreases the species is subjected to
domestication and/or cultivation; (iii) there is no pattern of massive collection before seed
dispersal; and (iv) there are only some examples of local resource depletion in case of Swertia
chirayta, and possibly Paris polyphylla and Valeriana jatamansii.
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RECOMMENDATIONS
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To increase the collectors' net profit margins, it is necessary to increase competition in
the market by increasing the number of road head traders and Terai wholesalers. The key
to this is improved information.

Priorities should be given to establish a system for dissemination of informaion on
current market prices, research, and investment in physical infrastructure. Establishing
credit facilities, encouraging and helping road head traders to establish direct export link
in India and reviewing the royalty system are also important.

All government bans imposed on collection, trade and export NTFP should be reviewed.
All bans deemed necessary should be justified. The large Indian market and overseas
markets should be investigated for future development of the NTFP trade.

To bring forest legislation in line with policy objectives three fundamental changes
pertinent to NTFP are required: (i) removal of legal barriers to collection and transport
which would have an immediate and substantial impact on the collectors' income; (ii)
changing the framework for community forestry including recognition of indigenous
management systems and traditional harvest and tenure rights, and to allow communities
to use their forests and pastures for income generation activitivities; and (iii) recognising
the role of markets and focusing future government interventions on providing
marketing information and infrastructure (as opposed to direct intervention in the NTFP
markets).

NTFPs must be placed higher on policy makers' agenda. This is a demanding task and
entails: (i) documenting the importance and potentials of NTFPs and (ii) development of
a policy making process which allows for the views of the collectors and traders as well
to be presented and reflected in final decisions.

Integration of the views of collectors into the policy process and legislation is possible in
two ways: (i) if current policy makers be they governmental or non-governmental, start
to genuinely represent the collectors, or (ii) by developing tools for community
participation in the policy decision-making process.

As commercial collection of NTEPs is highly unlikely to lead to extinction of the
species, the relevant issues are the degrees of economic and ecological sustainability.
There is a need therefore to discuss about the desired and acceptable levels of
sustainability in Nepal.

The present "centralised approach" to NTFP utilisation should be replaced with a "local
approach".

The emerging "people centred” forestry paradigm in Nepal should be expanded to

include NTFP utilisation: restrictions, regulations and controls should be replaced with
deregulation, decentralisation and local participation.
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FURTHER RESEARCH

There is a need to study the following areas of importance to utilisation of the NTFP resource

base:

4y
)
®3)
)

©)

NTFP distribution, abundance, and levels of sustainable yields,
NTEP related vegetation community structures and dynamics,
Characteristics of indigenous NTFP management systems,

The effect of commercial collection and non-NTFP management systems,
including activities such as grazing and fire on NTFP utilsation, and

Investigation of the NTFP marketing chain from the Indian wholesalers to the
final consumer.
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ABSTRACT

The growth responses especially of the leaf-yielding components, of 1-year-old saplings of
Artocarpus lakoocha to environmental conditions prevailing at 1550 m, 1200 m and 800 m
alitude in Nepal were investigated under field conditions. The feeding value of leaves and the
changes which occurred during the lopping season at the three different altitudes were analysed.

The first experiment studied the height, stem diameter, shoot growth and changes in leaf number
over two years at the three altitudes. The plants developed faster at the lower, warmer altitudes
and averaged 3.3 m in height at 800 m as compared to 1.4 m at 1550 m by November 1982. The
rapid growth and leaf production in the pre-monsoon period were positively correlated with the
temperature. There were significant differences in leaf number (p<0.05) with higher values
being found at 1200 m and 800 m altitudes. The period of stem diameter increase was 5 months
longer at 800 m than at 1550 m.

The second experiment consisted of pot trials lasting 8 weeks during the monsoon period. The
plants were grown using soils from each of the three altitudes.The objective was to test
assumptions that the soil conditions were comparable at all three altitudes and that growth of the
young plants occurred also during the monsoon petiod. The cumulative values of the plant
growth did not show significant differences (p>0.05) between the altitudes. Soils from 800 m
tended to give higher growth rates than did soils from the other two altitudes. Growth continued
during the monsoon season.

The third experiment was conducted to investigate the leaf yield of harvested trees and the
feeding values of their leafs during the lopping season in winter at all three altitudes.

The leaf DM yield per tree and season vatied between 34 and 40 kg. The DM (39.5 - 44.6%) and
the feeding value of the tree fodder were affected by altitude but remained remarkably constant
during the lopping season at each site. The CP content varied between 122 and 131 g/kg DM
and seemed to remain generally low during the lopping season. The results supported the
farmers' claims that the leaves of Artocarpus lakoocha have food value during the winter
season.

PROBLEMS

The farmers of Nepal discovered long ago that the shoots, leaves and young twigs of trees in the
farmlands and forests of the hills and mountain regions are the most important sources of green
fodder for their ruminants during the 6-8 months dry period in winter. Many farming households
have less than two trees per animal and so lack green leaf fodder for the dry period.
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The popularity of fodder tree species varies from one area to another. Of over 100 different
species of fodder trees, Arfocarpus lakoocha is the one used by most farmers because its leaves
are relished by cattle and buffaloes.

The farmers propagate this species in situ but not very intensively. Much effort is spent on its
protection. Distribution of seedlings is organised by government musenes or community. The
success or failure of establishing Arfocarpus lakoocha fodder ‘trees within the planting
programmes of the government and the communities in the varying topography of the Nepalese
farmlands depends upon the knowledge one has of the environmental requirements of the
species. Plants grow faster and better when planted under favourable conditions. The prevailing
fodder problems would require a widespread planting in the areas where ruminants are
concentrated.

Information is lacking on the optimal defoliating time in relation to the foliar nutrient
composition. Very few studies have been carried out and only cytological and timber

silvicultural aspects have been considered up to now. This might well be the first attempt to
study the species as a fodder tree.

OBJECTIVE

The major objective of this study was to study the effect of altitude on the growth and
development of the fodder tree Artocarpus lakoocha Roxb.

METHODOLOGY

Following methods were carried out for the following three experiments:

Experiment I: Growth and development of Arfocarpus lakoocha saplings at three different
altitudes.

Seed provenance for the nursery stock was from a single tree in Kunyel village at 900 m altitude
on a southern slope. Fruits were collected on 16 July 1979. Planting took place on 2 and 3 July
1980 at all sites. The plants were about 315 days old at the time of transplanting. Measurements
of the saplings were first made under dry weather conditions at the beginning of November
1980, and continued till November 1982, at intervals of 28 to 32 days.

The basal point for the measurement of height was 607 cm above the hypocotyl. During the
1980-81 growth period the numbers of shoots were counted. At the end of the experiment crown
diameter were measured. The saplings were defoliated and samples of 100 Jeaves from each site
were taken for the determination of the weight and the specific leaf area.

Multiple regression of leaf area with all the combinations of length and width, their squares and
the product of length and width were calculated for the 100 leaves. A very good fit (1*=0.96) was
obtained.

At the end of the experiment, the saplings planted in 1980 were cut at the fixed base level point.
Half of the trees were cut for the sampling of the dry weight. The dry matter was determined
after drying the air dried leaf samples for 4 hours at 103°C. The air-dried leaf material was also
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chemically analysed according to the Weende Method for determining crude fibre and crude ash
contents at the Institute of Animal Nutrition, ETH.

The data were analysed at the Computer Centre (IBM 370) of the University of Zurich using its
Statistical Analysis Programme (SAS Institute Inc., Cary, N.C., USA).

Experiment II: Effect of soil the three different altiudes on he pheho-morphological changes
of Artocarpus lakoocha spapliings

Soil was collected from each site from a depth of 0-20cm and placed in clay pots of 15 to 16
litres. The soil texture was determined by Soil Test and Civil Designs (P) Ltd, Kathmandu,
according to the Jackson Method of USA. The determination of soil pH, P and K was done in
the laboratory of the Institute of Crop Science, ETH, Zurich.

Uniform seeds were obtained from fruits of a tree in Bhalukhop at 1270 m collected on 15 July
1981. The seeds were sown on the same day. Significant differences (p<0.01) were noted only
between the east plot at 1200 m and other sites. The increase in plant weight was noticeable
although the differences between altitudes were not significant. Although the total number of
leaves produced was not significantly different (p>0.05) between altitudes, slightly higher values
were found at the lower altitude. The production of leaves under high temperature conditions
and heavy rainfall at 1550 m and 800 m might have been less affected by the rain on the sandy
loam soils at these sites.

The Artocarpus lakoocha saplings shed leaves during the monsoon period also. Although the
plants at the highest altitude tended to loose more leaves than those at the lower altitudes, the
difference between the sites were not significant. However, the plants at the highest altitude lost
more leaves than they produced during the period of observation. '

There was no interaction between the soil types and the altitudes during the overall growth
period. The heavy rains had almost no effect despite, the wet soil. The acidic soil did not seem to
be limiting to the saplings. The effect of soil on the plant growth was not significant (p>0.05)
within a site.

Experiment ITI: Leaf vield and nutrient contens of the the leaves of harvested Attocarpus
lakoocha fodder trees.

Trees wete selected for harvesting on he basis of the following veiteria:

(a) Availability of the trees for the experiment

(b) Proximity of the trees for he experimental fields of experiment I and II

(c) All the trees in he same lopping cycle (once a year) and season, in order to obtain -
comparable data between the sites, and

(d) The size and age of the trees which would be representative of the trees being utilized by
the farmers in the area.

Leaf samples were collected, at each sampling 5 to 10 alternating leaves being removed. The
chemical analysis of the leaf samples (leaf laminae and petioles) was done in the Laboratories of
the Institute of Animal Nutrition ETH. The nutrient contents wete estimated according to the
Weende Method.
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FINDINGS

A rapid extension of growth from April to July 1981, with a peak just prior to the intensive
monsoon rains, showed strong positive correlation with temperature (+=0.89, p<0.01). This trend
was supported by the growth at 1550 m and 1200 m from April to August 1982. The saplings
showed a constant rate of growth also during the monsoon petriod.

An increase in diameter occurred over a 1-month period at 800 m as opposed to 3 months at
1550 m. Growth criteria important for high leaf yield radial growth of the stem is one criterium
for judging plant growth. The high growth rate of the stem diameter could suggest that the plants
at lower altitudes might produce many more leaves.

The shoot development is the most important leaf yielding criterium for the assessment of a
fodder trees species. The distance between the lateral branches on the main stem increased with
the altitude of the site. Increment in height required to produce lateral shoot was almost constant
in both years. The rate of shoot production and the number of shoots were the best criteria for
assessing the growth at a particular site. The production of all categories of shoots during the
1981-82 period showed that the plants at 800 m were by far the most productive.

The saplings at 800 m produced over 71% more leaf dry weight than those at 1200 m. The
almost total refoliation which occurred at the time of the monsoon rainfalls probably required
ready availability of soil nutrients. However, judging by the number of leaves produced and
retained, the lower altitudes (1200 m and 800 m) seemed to be more favourable for the saplings.
Response of growth criteria to growth period and altitude, the extension growth of the plant and
the increase in the stem diameter reached higher values at the lower warmer altitudes.

Leaf appearance was positively cotrelated with temperature. From April to July 1981, 79% of
the variation in the rate of leaf appearance could be explained by the variation in temperature,
Continuous leaf fall observed during the monsoon seemed to be due to high humidity and low
radiation. However other endogenous factors could also have been responsible for this.

Leaf dry weight appeared to depend primarily upon the number and length of the shoots
produced which seemed to be promoted by spring rains and higher temperatures.

Regarding the effects of environmental factors on the growth of saplings and older trees, the
saplings grew faster at the lower and warmer altitudes. The decline in the rate of growth seemed
to be affected by the reduced radiation during the rainy period starting in July. The pattern of
growth (higher growth rate at lower altitudes) changed during the second year. The experimental
results suggested that the soil at 800 m could be more fertile. The growth of the few larger trees
showed much variability, probably related to different age growth history and soil conditions.

The soils down to a depth of 70 - 110 cm were very acidic (pH 5.2 - 5.7). This shows that the
Artocarpus lakoocha species is tolerant of acidic soil. For this reason the growth at higher

 altitudes was slower and the production of leaves lower than at lower altitudes. Thus the planting

programme be limited to sites below 1500 m.
Yield and nutrient content of the leaves

The need for more leaf fodder could be met by planting the species at lower altitudes and by
harvesting the leaves of harvestable trees only. This should be done by hand since cutting is
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harmful to the trees. Another possibility would be to harvest the leaves during December, when
the weight of the individual leaves is high. This could be limited to areas where other sources of
green fodder is available to the farmers.

There were different responses of the plants in the three experiments to the effects of altitude on
leaf yield: The leaf yield was higher at the lower altitudes, both for saplings and for larger trees,
depending on their size. The leaf yield could have been partly affected by the soil quality which
seemed to be better at 800 m. Growth of all leaf-yielding components of the saplings was faster
at lower altitudes. DM remained high (39-45%), the leaves of the young saplings being 4%
higher than the leaves of the harvested trees.

Organic nutrients and mineral content

The crude protein (CP) values of the saplings were 20% higher that those of the leaves of the
harvested trees. The CP content could meet the requirements of cattle heavier than those usually
found in Nepal. The mean crude fibre content of leaves from older trees was about 10% higher
than that of the leaves of saplings but was lower (<220 g/kg DM) than that of Leucaena leaves.

The mineral requirements of cattle in Nepal are probably lower than for cattle bred for
commercial purposes in other countries.

The compatison of Artocarpus lakoocha tree fodder with herbage or grass fodder used in
intensive animal husbandry systems would be of little relevance to conditions in Nepal, where
the amount of tree leaves fed depends on the size and number of trees, the quantity of leaves
available and the number of cattle to be fed. These leaves are sometimes the only green
supplement available to the cattle and apparently enhance the intake of fibrous roughage.

The leaf fodder could be better judged within the framework of the total feeding and animal
husbandry system. The values given in the table need to be applied cautiously in any wider
context because of the limited number of trees per altitude considered. They may, however,
suggest that this species could be an important natural resource which is not being adequately
utilised.
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ABSTRACT

The main objective of this research was to investigate attributes of the indigenous knowledge
system surrounding the management, cultivation and use of private tree fodder resources in one
village area of one panchayat in the middle hills of central Nepal. Associated with this was the
investigation of a knowledge system used by farmers in the study area to classify and evaluate
animal fodder.

For the research a multi-method approach consisting of five distinet methods was used to gather
different, but related, types of data and information. The methods used were: participant
observation, use of a formal survey questionnaire, tree inventory, informal interviews and use of
the repertory grid technique and trial test.

This research has demonstrated that there is much more to the collection, management, and use
of tree fodder than may meet the eyes of outsiders. Furthermore, the research has shown that
knowledgeable villagers can efficiently evaluate the relative quality of various fodders and
provide good feed to their livestock by using three main tools:

1) their extensive knowledge about individual fodder species;
2) the indigenous system of classification and evaluation and
3) their skilful qualitative analysis of available tree fodder species.

The research has provided another example of how people develop and use complex cognitive
systems to impress order on the apparent disorder of nature Recommendations were made based
on these findings.

PROBLEM

Tree fodder is an integral component of Nepalese farming systems and can be considered a
specialised use of forest and agricultural resources. Understanding the dynamics of indigenous
management systems and traditional agroforestry practices of farmers in Nepal is an area of
research that can potentially benefit natural resource development efforts. It is assumed that
farmers themselves have such knowledge, and that gaining an awareness and understanding of
this knowledge and incorporating it into programs that aim to alter land and resource use and
management practices, will greatly enhance the chances of success of such programmes.
Therefore, research on indigenous knowledge systems of tree fodder management and use, and
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specifically those attributes of management encompassing cultivation of fodder trees on private
land, is warranted.

This research arose from an intuitive belief that subsistence farmers living in the middle-hills of

‘Nepal have developed systems of knowledge surrounding their use cultivation and general
management of private and public tree fodder resources. This assumption was, and still is,
grounded in the belief that people know, in culturally specific and appropriate ways, a great deal
about resources they depend on for their survival. However, this intuitive belief was not
supported by a search of the literature on this topic specific to Nepal, beyond anecdotal accounts
and hints, concerning the existence or character of an indigenous knowledge system surrounding
tree fodder resources.

Due to the high degree of uncertainty associated with this research, and a lack of supporting
literature specific to tree fodder in Nepal, a flexible open framework of strategies, hypotheses
and methods was initially developed. As learning about the community and their fodder tree
resources progressed, gaps in this open framework were filled, and the flexible structure of the
research was modified and solidified. A gradual developmental and iterative process evolved
between the initial research proposal and what was learned about the community and tree
fodder.

This research can be seen as involving two broad, interrelated problems. First, there was the
initial problem of formulating what eventually became the research methodology. Second, there
was the stated research problem of learning about the indigenous knowledge system for tree
fodder resources. As such, the progressive and iterative developmental process that resulted in
the final research structure is considered as one of the major personal achievements of this
research.

Its primary purpose was to investigate attributes of the indigenous knowledge system
sutrounding the management, cultivation, and use of private tree fodder resources in one village
area of one panchayat in the middle hills of Central Nepal. Associated with this was the
investigation of a knowledge system used by farmers in the study area to classify and evaluate
animal fodders. Additionally, socio-economic variables were investigated. The following is a list
of the main questions that were addressed:

1) What do farmers know about tree fodder and the management of this resources?

2) Is there a system for the classification and/or evaluation of tree fodders and, if there is, what
is the character of this system?

3) What are the stated perceptions about cultivation, use, preference and management of tree
fodder resources? What actual actions are taken by people and social groups to manage
fodder tree resources? G

4)Who, in farthing Households, is primatily responsible for the various saspects:of managemett
Suiigp privite foddet thdes, ‘and' How atemanagement:dctivities idistributed 'among household
members? boowiz i bus 1abbol To saoion oildug to iusbuogpho

5):»What variablesdnfluence:management; activities; and-what:is the naturesof-theirelationships
211 between: these variablesiand private fodder;trée:management?:cni 5ioi ored innds
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METHODOLOGY

Addressing these questions and developing an understanding of indigenous knowledge systems
surrounding tree fodder required the use of a multi-method research approach composed of five
distinct methods. The first of these methods, participant observation, incorporated daily
observations of village life with informal opportunistic discussions with residents of Salija
village. This offered the principal investigator opportunities to experience the daily routine of
village life. The second method involved the use of a formal survey questionnaire that measured
socio-economic variables at the household level. This was closely associated with the third
method, an extensive inventory of trees growing on land owned by the households that
participated in the survey. The fourth method involved the use of an informal
interview/discussion guide that gave structure to informal interviews with specially selected
village residents. The final method made use of the repertory grid technique and trial test. This
technique provided data that was used to formulate a description of a system of classification
and evaluation of fodder types used by residents of Salija.

This multi-method approach facilitated the collection of different types of data and information
essential to achieving the research goals, and it helped to overcome many of the problems
endemic to cross-cultural research, Even though each of these methods was applied individually,
they were developed and used in an integrated manner. Furthermore, the resultant data were
analysed both individually and collectively.

Much reseatch in both natural and social sciences is designed around the "received view". This
rigorous process has proven successful for many research problems, especially those that
emphasise scientific hypothesis testing.

Due to time and resource limitations, the study focused on only three (Worda 2, 6 and 7) of the
nine wards in the panchayat.

The accuracy of this subjective judgement was validated by a reconnaissance of all nine wards
of the panchayat, and through the results of the private tree inventory.

Lists of all households present in each of the three wards were prepared by each ward chairman.
These lists consisted of the names of each head of household, the household head's gender, an
official estimate of the amount of land owned by each household, and the household's caste
composition. Potential consultants for the private tree inventory and household survey were
selected randomly from each ward list. Approximately 25 % of the households ﬁom each wald
were selected.

The:effect:of land size on:tiee cultivation wasmost obvious on farms; lar gebthan 1.3.ha,in: size.
Households; with:large: land tholdings have. mten81ﬁed tleezplantmg with thalm of; becommg
independent of public sources of fodder and fuelwood. N

Tree:cultivation: strategies vary:betweeh househiolds: and:are; influenoced: by people's-percéptions
about how best to use their land.iAsssuchyitds:impottant tostestjdssumptions and generalisations
before using them to make planning and research decisions.
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Five major species: Ficus nemoralis (Dudhilo) 21%; Prunus cerasoides (Painyu) 15%,
Neolitsea umbrosa (Phe Phe )14%; Buddleja asiatica (Dhurse) 12%, and Pinus wallichiana
(Thingre Salla) 9% constitute 70 % of all trees cultivated on private land.

Cows and buffaloes are the dominant livestock in Salija with an average of 5.6 livestock unis
(LSU) per household. /

Trees are not cultivated randomly on household land. Excepting fodder and fruit trees, most tree
types are almost exclusively planted on marginal land, grassland, and along the sides of streams
and rivers. Fodder trees are also most often cultivated on these types of land, but they ate also
cultivated on the terrace risers of non- irrigated agricultural land and on land surrounding
household dwellings. Fruit trees are most commonly cultivated around household dwellings and
along terraces of non-irrigated agricultural land.

Within the domain of tree and free fodder knowledge, there were both unique and common
elements of knowledge characteristic of men and women. Women appear to have specific
interest in "domestic" fodder trees and trees that provide good quality fodder and fuelwood. Men
appear to have specific interest in "forest" trees, and trees that produce winter fodder, fodders
that maintains the health of livestock, and fodders that improve the production of ghiu.
Alternatively, bothmen and women appear to share knowledge and perceptions about other
aspects of tree fodder relatively equally.

Men appear to have greater responsibility for collecting tree fodder from public forests, while
women appeat to concentrate their fodder-gathering efforts from trees cultivated on private land.

There was a significant correlation between the number of fodder trees and the number of LSU
per household. However this correlation was not as strong as was anticipated, and therefore, it is
suggested that other variables are also important in explaining private fodder tree cultivation.

There was a significant correlation between the number of fodder trees per household and the
size of land holding. This correlation is much stronger than that for fodder trees by LSU.
However the correlation between the number of fodder trees and non-agricultural land is less
stronger than that between fodder trees and agricultural land.

Household size is not significantly correlated to the number of fodder tees cultivated per
household. This suggests that household labour is not a very important variable in terms of the
number of fodder and other trees cultivated on private land. However, this same relationship
probably does not exist with respect to collecting tree fodder from public lands.

Households that do not have livestock still cultivate fodder trees. One reason for this is the
trading of tree fodder for dung.

It appears that the planting of fodder and other types of trees has increased over the last 12 years
as compared to earlier years. This increase in planting appears to be associated with changes in
the availability of forest resource, changes in household labour, presence of village-oriented
nurserirs, and strong local leadership that promotes private tree planting.

There is a tradition that supports the cultivation of trees on private land. It appears that this
tradition has been strengthened by environmental, social, economic and political changes
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occurting in Salija and elsewhere in Nepal.

The most commonly reported reasons for planting trees on private land were: for fodder;
fuelwood; and soil conservation. Contrary to other research, the planting of trees for fruit is not a
very important reason.

For the study area as a whole, people interviewed reported that 86 % of the seedlings planted the
previous year survived. The distribution of survival rates across the three wards suggests that
environmental and biophysical variables are important for seedling survival.

Before there was a local nursery, tree seedlings were collected from the forest and/or from
private land. Now, however, the nursery is the dominant supplier of tree seedlings. This 1is
primarily due to the fact that seedlings grown by the nursery are trees requested by residents of
Salija.

A total of 127 different species of trees were recorded as being cultivated on private land. The
diversity of species varied between watds, with 112 species recorded in Ward 6, 61 in Ward 7
and 56 in Ward 2.

The evidence suggested that approximately 34 species have recently been added to the planting
stock of trees cultivated on private land in Salija but that approximately 15 species present in the
older age class were not recorded in the younger age class.

The two previous findings indicate that farmers are adapting their tree planting strategies in
response to the availability of new species, to changes in supply and demand for different tree
based resources, and to changes in social, economic and political environments in Salijja and
elsewhere in Nepal.

Residents of Salija have developed a sophisticated knowledge system for the classification and
evaluation of tree fodders. This system is broader than a taxonomic system for tree species. It is
used to help residents determine which fodder trees to harvest and how to formulate feed for
their livestock from a changing stock of fodders to best achieve desired production goals.

Woody vines were found to be an important source of "tree" fodder for the residents of Salija.
Also; the concept of "tree fodder" as commonly used both in Nepal and elsewhere was found to
be much narrower and exclusive than that used by residents of Salija. The data suggested that
local use of the term dale ghass ("branch grass" or tree fodder) covers all dicotyledonous fodder
and bamboos while the term bhiuin gass ("ground grass") covers all monocotyledonous fodders.

Field observations indicated that residents experiment with different methods of tree
establishment. For example, a very effective indigenous technique for propagating Ficus
nemoralis, an important and dominant tree fodder species in the middle hills of Nepal, is used by
farmers in Salija. Because of the palatability of this species, grazing animals make it very
difficult to propagate, especially on public lands. To overcome this problem, farmers in Salija
use Neolitsea umbrosa, a small bushy tree that grazing animals ignore, as a nurse plant for F.
nemoralis. From field observations and according to farmers who use this technique, companion
planted F. nemoralis grows mote quickly than trees grown without N. umbrosa.
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RECOMMENDATIONS

This research, as with most other field work, led to the formulation of more questions than it
answered, and there is an abundance of research "fodder" for years to come. One major area for
further research is to learn more about the character of the fodder evaluation and classification
model. Now that the chiso-obano construct has been identified it can be used in a repertory grid
to test a greater number of tree fodder species against this attribute.

Additionally, other types of fodder could be tested against this construct to determine the extent
of its "range of convenience". In a similar manner, exotic species of fodder-producing trees
could be evaluated by villagers against the chiso-obano construct to see how unfamiliar species
are evaluated.

Furthermore, research could be carried out to determine if this fodder evaluation model is used
by other population groups across Nepal and South Asia. By testing this model across a larger
population one might learn of variations, extensions, and limits of its applicability. It would also
be interesting to learn if there are variations in its use across different age groups within
populations. It could also be used to refine our understanding of gender-related differences in
tree fodder evaluation. At a broader level, the repertory grid method could be used across a
larger population sample in the hope of clarifying relationships between other verbal categories
identified in this study.

It might also prove fiuitful to test a set of valuable tree species using the repertory grid method
with groups of forestry professionals and village farmers. From this, one might learn how these
two populations differ with respect to ways that they evaluate and classify different fodder tree
species. This might also indicate how different terms used to discuss trees and fodder are
interpreted and used by the two groups. Results from such research could then be used to
improve forestry and agricultural education programmes.

Research using this construct and the repertory grid method could also be used to evaluate
changes in chiso-obano characteristics of a select number of tree fodder species across time.
This research could then be matched against biochemical analysis of evaluated samples in an
effort to determine any chemical or biological basis for fodder being evaluated as chiso or
obano. Such research might also help identify properties of different fodders that positively
and/or negatively affect milk and butter fat production and the health of livestock.

Researchers and planners around the world have shown keen interest in developing models to
help explain current and changing land-use strategies and farmer decision-making systems, and
then to plan development and extension efforts to alter these strategies. It appears that much of
this model building effort is premature for many areas of the world. Before such macro-level
models are constructed it seems appropriate for more basic research to be carried out at a more
micro level. To this end, there appear to be three major interested gaps in the knowledge base
needed to formulate such models: 1) many of the important variables required for model
development have not yet been well defined; 2) as such, there is not a clear understanding of the
data required to formulate these variables; and 3) research methods designed to efficiently and
accurately gather this data are also still pootly developed.

To remedy this problem requires research to: determine what variables need to be measured;
develop appropriate scales of measurement; and formulate creative methods to apply these
scales.
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Not all communities in the middle hills of Nepal cultivate trees on private land as intensively as
households in Salija. A comparative study between two communities, one that intensively
cultivates private trees and one that does not, might further our understanding of the reasons
behind the presence and absence of private tree cultivation. Such a study would need to consider
socio-economic, geographic, biophysical, political (local and national), historical, and cognitive
variables. It is likely that an interdisciplinary research strategy would also need to be applied.

Research on indigenous knowledge systems has the potential to both help improve our
understanding of the complexities of rural farming systems and improve development and
extension efforts. The present research has demonstrated that the people of Salija have
developed and use a complex cognitive system to help them cope with the management of tree
fodder. It is likely that similar cognitive systems are used by other social groups to assist in the
management of natural resources that are critical to survival. As such, this research may
stimulate other research designed to refine our understanding of knowledge systems and natural
resource management. Closely associated with this is the realisation that such research can also
further our understanding of the social ecological nature of human kind and our interactional
relationship with our environment.
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ABSTRACT

The study, carried out in the eastern part of the middle hills of Nepal, deals with plant
regeneration and succession on unstable slopes(natural or man-induced) and their possible
stabilisation. Special attention is paid to the erosion problem of this region.

In order to get ideas about regeneration and development of the plantcover, 45 transects were
laid through 35 landslides and slopes along a road side, at altitudes ranging from 1000 to 2600
m. The transects were divided into sections according to the different phytosociological
conditions. Data were recorded after the monsoons of 1983,1984 and19835, at the end of the dry
season in 1984-85 and at the start of the monsoon in 1984-1985. The post-monsoon data were
usually the richest in species, so they are used for the evaluations of development and possible
stabilisation in the first place. The records from the dry season and early monsoon gave
additional information on the findings. Due to the wide altitudinal range and the other
environmental factors, the plots were divided into four groups.

There is a positive development trend, best expressed in the strongly increasing plant
frequencies, especially in the protected plots, and in the noticeable number of shrubs and trees
invading the landslide and transition sections. Although it is difficult to state a succession after
only three years of observation, the invasion by perennial plants can be interpreted as a sign of
succession.

In order to know more about the composition of a possible climax or, at least, of a "stabilised
vegetation" comparatively immune to human influences, 13 relatively stable areas were recorded
too. They are related to the four groups of the landslides and slopes and helped to interpret the
development trends.

Research on erosion was carried out at Dandapakhar and Bonch, the locations of two
meteorological stations of the Integrated Hill Development Project (IHDP) of the region. At
each site two plots were established-one bare and one covered with plants. The differences
between the two plots in run-off and soil loss were evaluated. The erosion of for the uncovered
plots proved to be clearly higher than that of the covered plots.

Since it is evident that erosion is reduced by plant cover, every step should be taken to protect,

maintain or induce a vegetation cover onus table sites. Various measures were suggested to
reduce erosion and to smooth the way for a possible stabilisation of a region.
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PROBLEM

Erosion includes all processes that result in the physical wearing down of the surface of the
earth. Erosion processes are complex, consisting of'natural” (geological) erosion and
"accelerated" (man induced) erosion.

The problem of erosion is especially acute in Nepal for the following reasons:

e Natural erosion rates are very high becauseof the constant tectonic uplifting of the major
mountain ranges and consequent downcutting of the river systems. The net result of these
unrelenting forces are unstable slopes that cannot maintain their river-canyon form. Natural
erosion is characterised by different forms, particularly landslides, slumps, riverbank cutting
and gullying.

e Pressure on limited land resources by the steadily growing population results in increased
land degradation due to forest clearing, over-grazing, fire and poor maintaining of marginal
arable land. The resulting accelerated erosion is mainly characterised by the loss of topsoil
through sheet and rill erosion and gully formation.

e Increasing activity in construction work, such as dam and road building, is also an important
cause of land degradation. This will grow in importance with the advancing development of
the country.

METHODOLOGY

To record the plants 45 fixed transects were laid through 35 slopes and landslides along the
Lamosangu-Jiri road. The re-covering by plants was observed over a period of three years and
the characteristics of each area were examined. From this information an attempt was made to
assess the influence of the different interfering factors: meteorology, altitude, aspect, slope, soil,
age of the slope/slide and influence of man and animals.

In addition, at different altitudes a series of surveys was carried out on various relatively stable
but not undisturbed types of natural vegetation typical of the region. The floristic composition of
the plots examined indicates the possible "climax" to be expected on the slopes in question.

At the same time, special attention was paid to run-off and soil loss in connection with amount
and intensity of rainfall and plant cover on steep slopes. The experiments were carried out for
one or two rainy seasons at two selected sites typical of the area. On both sites a comparison was
made between an uncovered, landslide-like site and a plant-covered site and the results are
discussed more generally. The data gained also gave the first information ever collected about
rainfall intensity (erosivity), rainfall run-off and amount of soil loss in the project region.

FINDINGS

1) When vegetation cover is damaged or removed, the diverse climate factors affect the soil.
The heavy rainfall during the monsoon, with its notable erosivity, is the strongest factor.

2) There is a positive development trend, best expressed in the strongly increasing plant
frequencies, especially in the protected plots, and in the noticeable number of shrubs and
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trees invading the slide and transition sections.

3) Although it is difficult to state a succession after only three years of observation, the
invasion of perennial plants can be interpreted as a sign ofsuccession.

4) Research on erosion showed that the data for the uncovered plots proved to be clearly higher
than those of the plots covered with plants.

5) Development of a climax or, on steep slopes rather a subclimax, can obviously take place
only on mature soil.Maturing of the soil, which is a long process, is additionally slowed
down by erosion.

RECOMMENDATIONS

1) To reduce the high soil loss and run-off in crucial regions, first priority should be given to

2)

protecting existing vegetation and to replanting or afforesting bare slopes.

So, every step should be taken to protect, maintain, or induce a vegetation cover on unstable
sites. This could be achieved by:

protection of the existing or growing vegetation by fencing or employment of watchmen.

planting or sowing of adapted gramsses such as Chrysopogon aciculatus,Cynodon
dactylon or Pogonatherum at lower altitudes and Arundinella  hookeri, Hemathria
compressa or Pennisetum clandestinnium (African) at higher altitudes.

planting or sowing of unpretentious and, atleast temporary, preferably unpalatable shrubs
or perennial herbs such as Eupatorium adenophorum, Hypericum cordifolium, Osbeckia
nepalensis, Phyllanthus parvifolius, Gonostegiahirta, Polygonum spp. at lower altitudes
and Artemisia spp., Centella asiatica, Eupatorium adenophorum Lycopodium clavatum
at higher altitudes.

planting or sowing of pioneer trees such as Alnus nepalensis or Pinus roxburghii with
the aim of inducing the subclimax of forest communities via the state of grassland or
shurbland.

technical stabilisation, which promotes the resettlement by plants and in interaction with
them helps shorten the unstable periods of a slope.
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ABSTRACT

The sustainability of the forest resources in Nepal has been questioned by many authors and
agencies. In order to ascertain the significance of the issue, a study was carried out to: (1)
document historic changes in forest area and crown cover; (2) determine relationships among
soil fertility, site conditions and forest use in order to produce soil fertility maps; and
(3)characterise socioeconomic information in relation to forest use. Geographic information
system(GIS) techniques were used extensively in the analysis of data and the display of results.

A detailed watershed study was carried out in the densely populated Dhulikhel watershed in the
Middle Hills region of central Nepal. Changes in land use were quantified between 1972 and
1990 and the GIS evaluation indicated that there has been an increase in forest area and crown
cover. The increase in forest area is mostly in the form of pine (Pinus roxburghii) plantations. A
substantial area of shrub and grassland has been converted into agricultural land.

Analysis of 136 forest soil samples indicated that the forest soil fertility is generally very poor.
The two most critical nutrient problems are low total nitrogen and low phosphorus availability.
Almost all of the foliage samples analysed suggest a deficiency in nitrogen and about half
indicate a deficiency in phosphorus. Large amounts of foliage and litter are removed from the
forests to be used as fodder and bedding for livestock, and this may be leading to soil fertility
decline.

Significant relationships were found between soil fertility, site conditions and forest use.
Comparisons among aspect and elevation classes show that north-facing and south-facing
slopes, above and below 1200 m elevation, have significantly different soil fertility conditions.
Soil carbon concentration is twice as high on north slopes at high elevation as compared to south
slopes at low elevation. The GIS was used to display the spatial distribution of carbon content.
Red soils were found to be very low in available phosphorus compared to non-red soils. The
better protected private and government forests had better soil fertility than the less protected
community forest areas which indicates that degree of protection significantly influences forest
soil fertility.

The study watershed supports a large population of people and livestock which place heavy
demands on the forest. These demands are further influenced by ethnic background. Tamang
families own less forest land on average than Brahmin and Chhetri families and consequently
have greater difficulty acquiring forest products.

GIS was found to be very effective in quantifying areas and distances, integrating biophysical
and socioeconomic data and acquiring data to be used in models external to the GIS. A major
advantage of using GIS is that the spatial data are stored in a format that allows integration
withother databases and facilitates modelling change over time.
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PROBILEM

The forests of Nepal are the major source of many vital products such as animal fodder,
agricultural compost, fuelwood and timber. A rapidly expanding population is putting
tremendous pressutes on the forests.Questions are raised relating to soil erosion and the
sustainability of soil fertility under conditions of heavy forest use. Little quantitative information
is available concerning the changes in quantity and quality of the forest and the associated forest
soil fertility.

In 1988, a three-year IDRC-funded research project was initiated to investigate soil erosion,
sedimentation and sustainability of soil fertility in relation to different land uses in the Jhikhu
Khola watershed in the Middle Hills region of Nepal. The aims of the project were to examine
processes relating to soil erosion, sediment transport, soil fertility changes and land-use changes
in a quantitative way, using conventional and microcomputer-based Geographic Information
System (GIS) methods. As part of the watershed project, this study was carried out specifically
to investigate the dynamics of the forests in a 1270 ha test area.

The aim of the study was to evaluate forest dynamics, forest soil fertility conditions and forest
use in the Dhulikhel watershed, central Nepal, using GIS techniques.

METHODOLOGY

In order to quantify recent changes in land use in the study area, it was necessary to map the land
use at present and at some time in the past.Changes in land use were quantified between 1972
and 1990. The main land use categories mapped are bari, khet, forest, plantation, grass, shrub
and other (rocky area, business areas).

Detailed measurements relating to soil fertility, forest condition and forest utilisation were taken
at 136 sample sites which were randomly located within the forest, plantation and shrub units of
the study area. Over 80% of the forest, plantation and shrub units were sampled.

GIS was used intensively in the analysis of data and the display of results. Laboratory analysis
also was carried out on soil, foliage and litter samples. Evaluation of socioeconomic conditions
relating to forest use was carried out through household survey and structured interviews.
FINDINGS

1) There has been a significant increase in the area of agricultural land in the 1972-1990 period.
2) There has been an increase in forest area and crown cover during the 18-year period.

3) A significant amount of pine plantation has been established.

4) Soil fertility conditions for all land use types are very poor.

5) Microclimatic conditions have a significant influence on forest soil fertility levels in the
study area.
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6) Low phosphorus availability is a critical problem on the red soils in the study area.

7) Sal (Shorea robusta) stands have the poorest fertility conditions in comparison to pine
(Pinus roxburghii)y and hardwood sites.

8) Land ownership and management have a significant influence on forest soil fertility
conditions.

9) There are significant differences among ethnic groups with regard to forest use in the
Dhulikhel watershed.

10) There is a major deficit of both fodder and fuelwood in the study area.
11) The GIS technology was found to be very beneficial in the evaluation of forest land use

dynamics and soil fertility of the Dhulikhel watershed. GIS is a very dynamic, rapidly
evolving tool that offers many possibilities for the analysis and display of spatial data.
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~ PARK-PEOPLE INTERACTIONS IN ROYAL CHITWAN

Sharma, Uday Raj.
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ABSTRACT

The following issues of conflict between Royal Chitwan National Park (RCNP) and its human
neighbours have been addressed in this research: firewood shortage, shortage of grazing land
and fodder, and crop and livestock depredation by park wildlife. In addition, previous estimates
of anrival grass-cutting in the park have been revised.Out of 16 village units, ot 144 wards, in the
study area that are within 5 km of the RCNP (total study area about 598 km?.)) 14 wards were
randomly selected for detailed investigation. The investigation included interviews of 140
randomly selected heads of households, a livestock census, year-round monitoring of crop and
livestock depredation by park wildlife, and monitoring of 11 patches of grassland/savanna
(totalling 365 ha) in the nearby park-land to record trespass grazing. In addition, 1818 randomly
selected grass-cutters were interviewed to estimate the harvest of resources in the park. Major
resources left remaining after the harvest were field-assessed. Information concerning the
subsistence systems and ethnicity of local people has been presented. Intensity of livestock
grazing in the bordering grassland/savanna inside the Park was found to be 4.1 heads/ha. The
livestock biomass was estimated to have been growing by 2.36 %, and a change in the mix of
livestock ownership, including an increase in buffaloes and goats, was noticed. Rhinoceros
(Rhinoceros unicornis) was found to be the principal crop-raiding animal, followed by wild boar
(Sus scrofa), and chital (4xis axis). Tiger (Panthera tigris) and leopard (Panthera pardus) were
threats to livestock. Smaller carnivores also caused substantial damage to domestic birds.
Annual losses of crop and livestock sustained by the average household have been estimated. No
strong correlation between distance from the Park and crop or livestock damage could be found.
There were 61,614 participants in the annual 15-day grass-cutting. On the average, 3 tonnes of
grasses, reeds, binding materials and firewood per household were harvested from the park. Net
contribution from these harvests to the economy was estimated to be US$ 325,166. Competing
theories on national park management are examined and a new concept for park management is
proposed.

The RCNP is world renowned for its unique diversity of flora and fauna. The park is located in
the Chitwan District of Nepal and represents a nearly pristine ecosystem of river valleys and the
Siwaliks Hills.

The RCNP was officially established in 1973 and was enlarged in 1977 to include a total of
93,200 ha of land. At some places, the Park borders cultivated lands and settlements without
having a river in between. Legally, no settlements exist within the boundary of the Park, but
there are several villages which are enclaves almost completely surrounded by the Park.

OBJECTIVES

The study has explored some of the local conflict situations with a view to developing sound
management practices to deal with the intersections of legitimate local self-interest and the
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interests in preserving the international treasure of biological diversity. This research has
focused on three issues that involve important conflicts between the RCNP and adjacent human
communities: illegal harvest of firewood, trespassing by domestic livestock for grazing and
illegal harvest of fodder, and crop and livestock damaged by wildlife. In addition, the annual
harvest of thatch grass and other grass products has been assessed to revise the earlier estimates.
The research objectives involved detailed examination of each specific issue.

General objectives:

1) To determine the extent and general location of conflicts between local people and the
RCNP;

2) To identify and evaluate potential solutions for reducing these conflicts; and

3) To describe the subsistence economy of the local people as essential information for
understanding any conflicts between Park and people.

METHODOLOGY

Out of 144 wards that are represented in the 16 village units (VUs) adjoining the Park in
Chitwan District, 14 wards were randomly selected using a table of random numbers.

The distance of each ward from the Park boundary was calculated by taking the average distance
from each of 10 equidistance points equally spread along the ward's perimeter to the park. The
watds in the study varied from 0.20 to 3.7 km from the Park using this parameter. Nine wards
were actually adjacent to the Park boundary and all were within 5 km of the Patk boundary.

In each selected ward, the names of all household heads wete listed by going door-to-door. The
number and type of livestock owned were also recorded.

Because of the extensiveness of the study area and the fact that several kinds of data were being
collected simultaneously, 14 field assistants were hired on a part time basis to assist in data
collection.

The following were the research methods used in the study:

1. Interviews of household heads
From the list of household heads in each randomly selected ward, 10 households were
randomly selected using a table of random numbers. In this way 140 household-heads were
selected for interviews. This represents 6.66 % of the households in the sample area, or a

sampling fraction of 0.65 for the entire study area.

- The structured interview was divided into four major components: general issues, firewood
issues,grazing and fodder issues, and crop and livestock depredation issues.

Each interview took a minimum of two visits and was conducted in an informal setting,
mostly in the interviewee's courtyard and often in the presence of family members or
neighbours.
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2. Monitoring of livestock grazing inside the Park

Monitoring of livestock grazing inside the Park was conducted by unobtrusive counts of
livestock in 11 selected grassland/savanna patches. These patches were the principal
grazing areas of the wards randomly selected for detailed investigation.

Livestock counts were made on each patch once every month for a calendar year on a
previously selected random date. A total of 365 ha of grassland/savanna inside the park, but
close to the village, was monitored for this study, representing about 2% of total grasslands
in the park.

3. Grass-cutting survey

A systematic survey was conducted during the 15-day annual grass-cutting petiod permitted
by the RCNP, which began on 18 January, 1990. Out of 49,674 grass-cutters who entered
the park from 19 designated entry points, 1814 were randomly selected to be interviewed.
Every 20th person purchasing a permit was interviewed.This survey represents a sampling
fraction of 3.65 %.

4. Monitoring of crop and livestock damage

The 14 sample wards were monitored for crop and livestock damage caused by park
wildlife. The data were recorded on a weekly basis. The 14 field assistants were trained in
making simple ocular estimates of crop damage by wild animals and birds and in recording
information in a standard format.

FINDING

Conceptually, it can be argued that strict control on park resources against exploitative pressure
is essential in the long-run to resolve the conflicts between national park management and local
people. Only effective law enforcement against the exploitation of the park resources provides
necessary conditions to motivate the people to intensify the management of their own lands
rather than relying on the park for essential subsistence commodities. For the RCNP this model
applies to firewood and fodder. Intensification of production of these commodities on public an
private land outside the park will not happen if the park provides them freely. :

RECOMMENDATIONS

1) About 600 km® of the land surrounding the RCNP should be designated as the "park impact
zone" in the Chitwan District. Additional lands in other districts would be required to
surround the entire Park. RCNP should promote intensification of sustainable land uses in
this zone, both forestry and agriculture, encourage the use of adaptive technologies (biogas,
improved cook-stoves etc.),create seasonal jobs for the local people, and implement other
rural development programs. The active management of all non-private land in the impact
zone should be the responsibility of the RCNP. The forest resources in the impact zone
should be reserved primarily for local use, and export of resources to other parts of the
country should be allowed only when there is a surplus.Understanding of all important
spheres of economic activities that constitute the subsistence of local people is essential in
designing projects best suited to the interests of local people as well as to the RCNP. These

115




Park People Interactions In Royal Chitwan National Park, Nepal Sharma, Uday Raj.

2)

3)

4)

5)

6)

include self-sufficiency in foods for humans, fodder and grazing needs for livestock,
fuelwood, and cash income to meet other social and household needs.

Generally speaking, exploitation of park resources should be reduced to a minimum and the
highest priority should be to conserve the unique biodiversity of the Park with little or no
human influences. :

Any departures from recommendation 2 above to allow local people to exploit critical
resources in the Park should be subject to the following questions:

i) How critical is resource to the subsistence of the local people ?

if) Has it been proven that the exploitation of the resource does not produce any lasting
effect in the ecosystem ?

iii) Can the resource be readily produced outside the park ?

iv) Can the resource be replaced by manufactured goods, and if so can the park afford to
subsidise their price to encourage such use ?

Where any resource is permitted for harve stfrom the park, exploitation methods and
schedules should be designed and implemented in consultation with the local residents. For
example, the management of subsistence fishing in the park rivers should be explicit
concerning criteria for fishing permits, covering allowable net types, their mesh sizes,
seasons, locations, restrictions on night-time use, license expiration dates, inspection
mechanisms and punishments for offences.

The forests and open spaces near communities in the impact zone should be managed
through community involvement and participation, with the RCNP being the principal co-
ordinator. Forests that are remote from the villages should be managed directly by the
RCNP.

Community forestry programmes should be designed with an emphasis on family forestry
and small user groups. In addition to tree-planting,user groups should be involved in
protecting and managing designated parcels of existing forest in the neighbourhood. Under
the family forestry programme, the RCNP should encourage farmers to plant trees of their
choice in under-utilised sections of their homesteads.
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ABSTRACT

The sustainability of the labour-intensive integrated farming system of the middle-hills is based
on farmers' experience gained over many generations of combatting the harsh prevailing
agroclimatic conditions. The over-population of humans and livestock in the region has resulted
in a shortage of forest resources and a severe decline in soil fertility contributing to a significant
loss in crop production. The farming communities have learned a lot about how to live with the
prevailing conditions by permanently combining trees and shrubs on their farmland with the
crops (agroforestry practices) in spite of having limited size landholding.

Among five different locations of farmland for retaining trees and shrubs, the middle of terrace
riser and terrace edge were identified as the most promising with regard to fodder production
and soil conservation. In addition, other locations also have some effects on production and soil
conservation but to a lesser extent than the former locations. However, the terraces are least used
for retaining trees because of their importance for crop production. The findings also suggest that
farmers have been increasing the density of trees and shrubs on southern aspects as the altitude
decreases, whereas the reverse was found for northern aspects. Apart from location and aspect,
they have an ample amount management knowledge on various species for fodder, fuelwood
and soil conservation along with different propagation methods of the species. But very few
changes were found to be made in cropping patterns and crop variety.

Therefore it is high time to look at the existing indigenous knowledge of the middle-hills
farmers in different aspects of the farming systems. In addition, new technologies developed on
the basis of the indigenous knowledge would be easily adopted by the farmers, since they do not
demand much modification to existing methods. Thus, programmes aimed at the sustainability
of the middle-hills farming system can not be continued successfully unless a proper
documentation of the existing knowledge of the farming communities on various aspects of the
agroforestry practices is carried out. This must be conducted before carrying out any research on
the agroforestry system in the region.

PROBLEM
The middle-hills occupy the largest part of Nepal and are considered to be the original lands of

the Nepalese population. The people are still practising traditional systems of labour intensive
and complex farming.
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The systems are based on integrated farming, where three distinct components-forestry,
livestock husbandry and arable cropping are combined. Over the years the farmers have
developed effective methods to alleviate the prevailing condition of declining soil fertility due to
the shortage of forest resources by permanently retaining trees and shrubs with the crops on their
farm lands despite having limited land holdings. In other words they have relied on their own
resources and knowledge and have demonstrated keen understanding of the principles of
sustainability by having a farming system which is referred to as agroforestry (AF).

Various practices of the AF system prevail in the region. However, there has been no research
on the value of different management practices of the trees or on the various species retained by
farmers on their farmlands. According to farmers, the location of trees and shrubs on various
areas of the farmland has both direct and indirect impacts on various functions attributable to
trees in the farming systems. Thetefore, acquiring an awareness and understanding of the rural
knowledge and programmes which aim to improve land, resources use and management
practices should greatly enhance the chances of developing technologies that could be readily
adopted by the farming communities, rather than introducing totally new technologies. In
addition, scientific verification of some indigenous knowledge may be required where there are
indications of conflicts between knowledge of different farmers and farming communities.
Furthermore, the ecological understanding developed by one farming community may be
relevant to addressing the problems encountered by other communities, so investigation of local
practices would be a powerful and efficient means of extending the scientific understanding of
AF for both Nepal and other patts of the world with similar problems.

METHODOLOGY

The study was conducted in four villages situated at four different agroecological zones in the
middle-hills. Most of the information was collected direct observations of villages to visualise
some of the prominent features of practices in the fields, and groups discussions on various
aspects of the practices. Indirect information were also collected through individual farmer
interviews, inquiring into the different practices of AF practised in their different facmlands and
their impacts on soil erosion, fodder and fuelwood production. So, the main techniques used to
collect the information were:

1) direct observation in the field;
2) participatory rural appraisal; and
3) formal individual questionnaires

FINDINGS

Most of the practices adopted by farmers have their own functions in supporting and sustaining
the existing farming systems of the middle-hills without adversely affected arable crop
production. Besides metting a considerable proportion of their fodder and fuelwood needs they
have also been able to conserve soil from different farmlands. Similarly density of trees/shrubs
increases with decrease in altitude on south facing aspects whereas it is the reverse in the notth.
However, the results of the findings may not be conclusive for the whole region due to the
erratic differences in locality factors, such as microclimate, agroecology, within small areas
which may require modification of the findings for them to be compatible according to the
prevailing conditions. In addition, some of the findings may need verification. It can therefore be
said that the middle-hills farming system is itself one of the agroforestry system. Adequate
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knowledge still exists within the farming communities on different aspects of AF practices and
their management systems which they modify according to their needs and demands through
their available limite dresources. Much of the knowledge has great potential for improving
livestock forage production along with protection of the soil and water of the region.

RECOMMENDATIONS

To improve the AF in the region detailed studies on the existing indigenous knowledge should
be documented systematically so as to indicate a distinct line of action for future research and
development activities. Many of the research and development activities have been confined to
eastern, central to western regions of the country with the mid-western and far-western regions
rarely being explored for their potential in the system. These are the most neglected regions of
the middle-hills but their great diversity of social and ecological aspects should provide a large
amount of additional knowledge to other parts of the country as well as to other similar parts of
the world.

119




I'HE STATUS OF THE TIGER (PANTHERA TIGRIS TIGRIS) AND ITS
IMPACT ON PRINCIPAL PREY POPULATIONS IN THE ROYAL

‘ ‘CHITWAN NATIONAL PARK NEPAL

Tamang, Kirti Man.
Ph.D. (1982)
Michigan State University, U.S.A.

ABSTRACT

This study carried out in he Chitwan Nationaal Park, Nepal attemted to gather the basic
ecological information, both on the tiger and its principal prey species, which is necessary for
the conservation and management of the tiger in the wild. During the entire study period nine
tigers 17 times, seven leopards 9 times, twenty different hoofed animals (ungulates), and one
sloth beer were captured. The animals were immobilised, fitted with radio-transmitter collars
and released on their home grounds. Their movements and activities were monitored with radio-
receivers.

The size of the tiger population was fairely stable during the study period. The reproductive rate
of the population was high. Mortality occurred in cubs. Poisoning of tiger-decimated livestock
carcasses by villagers in areas adjacent to park boundaries killed some adults. Intra-specific
competition, including combats between individuals, seems to be the factor limiting tiger
density.

Grassland and riverine forest in the pa1k was the most productive habitat with 5612 kg/km*

biomass as compared to 1846 kg/km?® for sal forest. The overall crude biomass estimate for the
entire park was 2581 kg/km”. Both in terms of number and biomass weight, chital was the most
abundant species of all large mammals in the park as a whole. In the order of total biomass
consumed sambar, chital, hog deer, wild boar and barking deer were the principal prey. In the
order of tigers' preference however, sambar, hog deer, wild boar, barking deer and chital was the
principal prey. Various recommendations were made based on these findings of the study.
Buffer area habitat adjoining the Park was also recommended. Controlled burning of
grasslands, controlled harvesing of thatch grass by local villagers and planned harvesting of
nature sal forests could be carried out in the interest of local villagers ass well as Park and good
wild life habitats.

PROBLEM

Historically, Nepal was renowned for both the variety and abundance of large wild animals, and
the unique royal big game hunting of tigers (Panthera tigris tigris) and thinos (Rhinoceros
unicornis). Rapid destruction of habitats however resulted in a drastic decline in the numbers
and distribution of many important wildlife species.

The tiger is considered to be the king of the jungle in Nepal,. It has a unique place in the culture,
religion and history of the Nepalese people. The tiger is feared, admired, and respected by the
human population for its ruthlessness beauty, grace, strength, and other natural and supernatural
attributes. But the tiger has an uncertain future, not only in Nepal but throughout its range of
existence, as several tiger subspecies are already extinct and the remaining are listed as
endangered.
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The hunting of tigers was prohibited in Nepal in 1972, and the long term survival of this
magificant species has been recognised as a major concern since then. The precarious status of
tigers was formally recognised at the 1969 meeting of the general assembly of the International
Union for the Consetvation of Nature and Natural Resources (IU CN) in Delhi, India. Since then
national and international efforts have been focused on the conservation and protection of this
spectacular species. For making the proper management decisions to maintain viable tiger
population in the wild, basic background information on its ecology and behaviour is vital. Such
data, however, are either scarce or lacking.

METHODOLOGY

Tnitially one each of adult male and female tigers, a female tiger cub and two adult female
leopards were immobilized. For immobilization, the Parke Davis drug CI-744, which is
chemically a 1:1 combination of tiletamine hydrochloride and zolazepam HC1 was used.

During the entire study period nine tigers 17 times, seven leopards 9 times, twenty different
hoofed animals (ungulates) and one sloth bear were captured. The animals were immobilized,
fitted with radio-transmitter collars and released on their home grounds. Their movements and
activities were monitored with radio-receivers. Some individuals lost their collars or needed
replacement and these animals were darted more than once. All specimens were darted as free
ranging individuals, except one female leopard which was box trapped two times and
immobilized for handling.

Systematic observations of both marked and unmarked ungulates were cartied out from
elephants back, on foot and vehicles, and machans (platforms built on trees). Line transects were
used to estimate animal densities in all vegetation types. Further information on tiger population
and behavior were collected from natural kills and from bait animals killed by tigers and
leopatds.

FINDINGS

1) The tiger's color and stripes, while sitting motionless or during stealthy approach, help in
achieving concealment and avoiding detection. The black markings overlaid on the
white hair area of the cheeks and above each eye are different and distinct between
animals. They seem to provide reliable identification marks for individual tigers.

2) Sexual dimorphism is quite pronounced in tigers. Males are significantly heavier and
longer than females and the male has a thick ruff of hair around its neck. Fully adult
males are much fewer in number than females.

3) The size of the tiger population was fairly stable during the study period. The
reproductive rate of the population was high. Mortality occurred in cubs, and the
poisoning of tiger-decimated livestock carcasses by villagers in areas adjacent to park
boundaries killed some adults. Intra-specific competition, including combats between
individuals, seems to be the factor limiting tiger density.

4) Grassland and riverine forest was the most productive habitat with 5612 kg/km® biomass
versus 1846 kg/km? for sal forest. The overall crude biomass estimate for the entire park
was 2581 kg/ka.
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5)

6)

7

8)

9)

10)

Both in terms of number and biomass weight, chital was the most abundant species of all

large mammals in the park as a whole. In sal forests, chital represented over 50 % of

ungulate number and biomass. Hog deer accounted for over half of all animals present
and more than one-third of the biomass in the grassland/riverine forest vegetation type.

Although only 2 to 3 individuals occurred per km?, sambar ranked high in terms of
biomass weight among ungulates in all vegetation types. Largely because of their
individual size, however, thinoceroses yielded an estimated one-half of the total biomass
in the grassland and riverine forest, and nearly a fourth in the entire area.

In the study area, tigers were most active when their prey also were actively feeding in
late afternoon, night and early morning, They usually rested close to water during the hot
part of the day from mid-morning to mid-afternoon,

In the order of total biomass consumed sambar, chital, hog deer, wild boar and barking
deer were the principal prey. In the order of tigers prefererence however, sambar, hog
deer, wild boar, barking deer and chital were the princilal prey.

Among the wild ungulates killed by tigers, a comparison of kills by sex indicated males
of sambar, chital and wild boars were sought for tiger predation in preference to females.

The amounts of meat consumed per tiger were calculated in the field from the weights of
buffalo baits and natural kills. These varied from 11 kg to a maximum of 34 kg in a day.
These amounts varied according to the number of tigers associated with the kills, and
whether cubs were present.

RECOMMENDATIONS

)

2)

3)

4

5)

Tiger habitats must be sufficiently large to support the number of animals which
provides for an adequate genetic diversity. "Buffer area” habitats adjoining park must
also be maintained to provide for an adequate and diverse gene pool.

If the historic, cultural, scientific, recreational and economic benefits of national parks as
living museums are to be preserved for future generations, it would be advisable to
strengthen the provisions in the national park act against further human encroachments
on the domains of tigers, and the associated fauna and flora with which they are
inextricably linked.

As tigers can not live overcrowded and remain at low density, there was no reasonable
possibility of large increases in tiger number in any reserve where natural densities
prevail.

The controlled burning of grasslands and other areas, and the controlled harvesting of
thatch grass and reeds by local villagers should also be beneficially carried out in order
to maintain early stages of vegetation which are some of the best wildlife habitats,

Properly-planned harvesting of mature and overmature sal forests in selected areas,
under the supervision of Forest Department and park authorities, would benefit wildlife
by returning such areas to eatly stages of vegetative and faunal succession.
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ABSTRACT

This thesis presents an investigation into indigenous ecological knowledge about the
management and use of farmland tree fodder resources in a rural village setting in the middle-
hills of eastern Nepal. The study focused upon a collection of hamlets spread over an attitudinal
range of 500 m to 200 m with a population of 3500 people comprising a village development
committee. The study focused on the indigenous ecological knowledge associated with decision-
making criteria used by farmers in managing their farmland tree fodder resources. Information
relating to how farmers perceived the value of particular fodder species, the knowledge used by
them in fodder evaluation, how they perceived the interactions occurring in their tree-crop-based
farming systems, and the underlying ecological knowledge used by farmers inmanaging the
interaction was colleced from key informants and was evaluated in terms of its
respresentativeness, the extent to which it was used by farmers and the extent to which it was
complementary and/or contradictory to professional knowledge held by research workers
operating in the study area.

The research relied upon concepts and approaches to knowledge elicitation developed in the
fields of anthropology and ethnography combined with a novel methodology for collecting,
recording, assessing and evaluating indigenous ecological knowledge using knowledge based
systems techniques. The defining feature of the approach adopted was the explicit representation
of knowledge and in cremental knowledge acquisition based on an iterative and rigorous
evaluation of the usefulness of the knowledge already acquired. The practical utility of the
approach was that once created, knowledge bases could be maintained and updated current
knowledge on the topic in question. A comprehensive knowledge base on tree fodder resources
was created through interviews with key informants.

The research demonstrated that farmers possess a detailed ecological knowledge of tree and crop
interactions, tree fodder quality and tree fodder management techniques which they use in
formulating fodder management and feeding strategies. It was also revealed that the farmers'
ecological knowledge was explanatory, predictive and of technical relevance. Indigenous
ecological knowledge research in general and farmers' ecological knowledge in particular was
demonstrated to have the potential to improve the understanding that researchers have of the
complex interdisciplinary field of tree fodder resources and to be used to improve the design of
research and development programmes to make them more responsive to the needs of the target
community. The study has identified several key issues having direct implications for designing
future tree fodder research and development programmes in Nepal. These, along with some
policy issues raised by the study and how the tree fodder knowledge base created during the
course of this study may be further improved and used in a research and development context
are discussed. Key areas for further research are indicated.
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PROBLEM

The farmers in the middle-hills of Nepal generally pursue a mixed farming system comprising
three closely and inseparably integrated components: crop production, animal husbandry and
forestry. The farmers who cultivate land also raise livestock and depend on tree resources for the
support of both these components.

In recent years, the importance of farmland trees and particularly tree fodder in maintaining
farming systems has been widely recognised. More recently the tree fodder component has
emerged as a ptimary focus of rural development efforts in Nepal.

Currently, several government institutions, bilateral aid projects and non-government
organisations are involved in promoting tree planting on farmland and providing seedings to
farmers. However, attempts to promote tree planting have frequently been unsuccessfil.
Evaluation of such programmes has shown that more than decade of experience with private tree
planting has failed to produce the desired results on a sustainable basis. Several factors have
been identified as impediments to the successful implementation of private tree-planting
programmes, but failure to take adequate note of local needs and aspirations and, therefore, local
knowledge and practices has been the major contributing factor.

In many cases private tree-planting programmes seem to have been developed on the
assumption that it was necessary to provide villagers with seedlings. Most of these programmes
are "top down" in their approach,based on the simple assumption that if farmers were to plant
trees they would need seedlings and therefore seedlings should be provided. So it is clear that the
private tree-planting programmes have often been designed with little or no consultation with
the participating farmers. Fundamentally, programmes were advocated in the absence of
information about villagers' views and knowledge on the subject. Therefore, appropriate
strategies for planting private tree-planting programmes responsive to local needs were lacking.

Until recently, little attention has been paid to the indigenous knowledge research in Nepal.
However, recent thinking relating to resource-poor farming communities has highlighted the
importance of indigenous knowledge in rural development programmes and this topic is gaining
more importance in recent development literature.

OBJECTIVES

The main aim of this study was to learn from Nepali farmers about their knowledge of
cultivation, management and use of tree fodder resources. The main motivation behind the
research lay in the belief that understanding local knowledge can help researchers and
development professionals in designing appropriate research and development strategies that are
responsive to local needs.

More specifically the study aimed to document farmers' ecological knowledge associated with
decision-making criteria used by them in managing their farmland tree fodder resources by

examining:

e how farmers perceive the value of a particular fodder species and the underlying knowledge
systems used by them in fodder evaluation; and
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o how farmers perceive interactions occurring in their tree-crop-based farming systems and the
underlying knowledge systems used by farmers in managing them.

METHODOLOGY

A progressive and iterative process was adopted in developing research methods appropriate to
what is, in effect, a novel area of research. Examples from literature were used to guide the
selection of appropriate research techniques. The fieldwork approach and strategy used by
various authors researching other topics in Nepal also provided useful examples. Since
interaction with the local community formed the primary element of the fieldwork, interviewing
was a central component of the research.

Tn order to structure the information gathering process, initially the following broad research
questions were posed:

o What are the farmers perceptions and what do they know about cultivation, management and
use of farmland tree fodder resources?

o What trees are most valued by villagers for fodder and why? Is there a local system of
classification and evaluation of fodder trees, and if so what are the attributes of the trees that
are recognised and used?

o Are fodder trees planted randomly on farmland?

e Are there any associations between fodder tree species and agricultural crops? What factors
influence villagers' interest in where to plant a particular fodder tree species on their
farmland ?

To address the above questions a multi-method research approach was adopted. This included:
house hold level survey; inventory of trees grown on farmland; and the use of knowledge-based
systems techniques.

FINDINGS

The present research has demonstrated that farmers possess a detailed ecological knowledge of
tree fodder quality, tree and crop interactions and tree fodder management techniques, which
they use to assist them in formulating fodder management and feeding strategies. The study has
shown that farmers' ecological knowledge is explanatory, predictive and of technical relevance.
Tt has been shown that indigenous ecological knowledge research in general and farmers'
ecological knowledge in particular has the potential to improve the researchers' understanding of
the complex interdisciplinary field of tree fodder resources and so improve the design of
research and development programmes, making them mote responsive to the needs of the target
community.

The study has demonstrated the value of using a knowledge-based systems approach to
indigenous ecological knowledge research. It may be concluded that researchers and
development professionals can gain from an explicit account the knowledge which exists in
farming communities. Research and development strategies aimed at improving the
management and use of natural resources by local communities and devised on the basis of an
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evaluation of their knowledge and needs are likely to be more appropriate than those that are
not, and can be expected to enjoy higher adoption rates. It is a sad reflection that indigenous
knowledge research has received so little serious attention from Nepali researchers.

RECOMMENDATIONS

One important area for further research is to gather more information about the indigenous
systems of tree fodder classification and evaluation used by farmers. Now that the posilo-kam
posilo, chiso-obano and rukho-malilo classification systems have been identified, further
research to determine if similar fodder classification and evaluation systems are used more
widely by other people across the hills of Nepal would be useful.

The study has indicated that while farmers, development professionals and researchers often use
different terminologies in describing and rationalising aspects of tree fodder production and
management practices, some of the terms used by farmers and others may be similar.Further
research along these lines, including knowledge of farmers, researchers and extension workers
and preferably involving both junior and senior staff working on tree fodder improvement
programmes in Nepal might be useful in understanding how different terms are used to describe
tree fodder resources and how they are interpreted and used by different groups of people. The
identification of similarities and differences in terms used by various groups of people may have
a significant impact on planning future tree fodder research and extension programmes.

It appears that farmer knowledge about the management and use of farmland trees has probably

been under estimated and the need to promote tree planting on farmland has probably been
ovetrestimated.
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ABSTRACT

This dissertation describes the problem of deforestation in Nepal and analyzes policy
alternatives for dealing with this problem. Deforestation is an example of a larger class of
common-property renewable resource problems which occur in both developed and under-
developed countries, in all geographic contexts, and in all climates. Analyzing this problem
leads to a number of general insights which can be applied in a variety of situations.

Many tenewable natural resources are being subjected to the increasing demands of an ever-
growing human population. As the population increases, the consumption of these resources
exceeds their yield, and stocks of these resources decline. Because they often play vital roles in
maintaining local or global ecological balances, the environment is altered as these resources
decline, often with adverse consequences for mankind. Unfortunately they are often common
property,so people over-use them, no individual has more than a minimal incentive to invest in
replenishing them, and markets which might act to alleviate these problems are often imperfect
or non-existent.

An economic model of deforestation was developed to help structure the analysis. Deforestation
is shown to be a result of common ownership of the forest, coupled with an inelastic and
increasing demand for forest products. The consequences of the common-propertyproblem ate
compounded by the external effects-notably erosion-which accompany over-use of the forest.

Analysis of the economic model concentrates on the common-property character of the forest.
Differences between the costs to society and the costs considered by individual common owners
result in many types of inefficient use. On the demand side, over-consumption is a combination
of over-use relative to other goods and over-use in one year relative to the next. Common
owners are also likely to consume the wrong mix of resources even if their total consumption
level is efficient. Finally, common owners may use inefficient methods to harvest resources.

On the supply side, common-property resources are much like public goods.Divergences
between private and social costs and benefits lead to under-investment in replenishing the
supplies of renewable resources, misallocation of inputs, and under-investmentin in formation
about these resources.

External envitonmental costs and benefits also compound common-propeity resource problems.
Unfortunately, the reasons for which resources are common property are often related to external
effects, so externality problems frequently aggravate common-property problems.

This analysis indicates that an economic model is a powerful tool for understanding the problem
of deforestation in Nepal.Extending the results of this analysis to other situations shows that
common-property renewable resource problems have important similarities as well as individual
differences, and indicates the widespread applicability of solutions to specific problems.
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PROBLEM

Common-property renewable resource problems occur all over the world; depletion of fishing
grounds and he over-harvesting of seals and whales are well-known examples of the abuse of
commonly-owned resources.

In most developing countries, forests are property, available to anyone the force behind most of
he deforestation in Africa and the Indian subcontaintinent is the survival instinct: the forest in
these parts of the world are being cut to provide fuelwood and farmland for impoverished
people. Clearing forests may be a short-term solution o food shortages But it only compounds
what has been called the poor man's energy crisis.

This thesis was about deforestation in Nepal. Solving the problem was important in its own
right, but the analysis assumes more importance because deforestation is a worldwide
phenomenon. From the analysis of deforestation in Nepal, policy maker in other countries could
be learn about the complexity of the practical problems be solved in an actual situation.

This dissertation attempts to the following questions: Why is Nepal's forest deteriorating? What
is the solution to this problem? How does analyzing deforestation in Nepal help solve other

common property renewable resource problems?

The Problem in Nepal.

Nepal's forest is disappeating. Villagers are cutting fuelwood for cooking and heating, farmers
are clearing forest land for agriculture, an grazing animal are preventing new trees from
growing,

Fuelwood is main source of energy in Nepal, so deforestation affects everyone.

As fuelwood becomes scarcer and more expensive, people are taking drastic measures. When
firewood is unavailable, villagers burn dung for fuel. In both rural and urban area, agriculture is
suffering from the loss of nutrients previously provided by manure.

As forest cover decreases, erosion, increases, and hills absorb less and less of the heavy summer
monsoon. showers. Rivulets become gullies and streams become torrents.

Deforestation is combination of several related problems. The demand for fuelwood exceeds the
growth of fuelwood, so the stock of forest resources is depleted o meet the demand.

Deforestation in Nepal deserves attention by itself, and it is linked with other important
problems such as food production, policy-makers must tackle his problem because there are no
available substitutes for the forest as a source of energy and for protection against erosion. When
the forest disappears, there will be no way to cook food even if enough is produced, and erosion
will guarantee that enough food is produced.

Economic theory indicates that individuals over-consume common-property resoutces, and
under-invest in the provision of public goods, Are these the main problems of deforestation in
Nepal? Government intervention, especially quotas on use and taxes o support public
investment, are standard theoretical prescription for solving these problems. Are these practical
solutions fro Nepal?
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METHODOLOGY

An economic model which can be applied to the problem of deforestation in Nepal and analyzes
the key characteristics has been used. Models of deforestation could also be derived from
anthropology, climatology, or theology, but there are compelling reasons for choosing the
economic model. First, the collection and use of forest products, especially fuelwood, is
primarily an economic problem: it is question of the cost of labour and the benefits of cooking
and heating, not a question of territorial rights, a changing climate, or religious beliefs. Second, a
relatively simple economic model captures the main features of deforestation. Third, the
economic model describes the problem of deforestation in tetms which can be affected by public
policies, so analyzing this model provides clues for devising solutions to this problem. The
economic model of deforestation is thus likely to be more fruitful for policy-makets than models
based on other disciplines.

Much of the economic analysis used in this model of deforestation has its origin in village
customs and physical phenomena.

Graphs are used to illustrate the main features of the model of deforestation in Nepal. These
graphs are based on an algebraic formulation of the model.

FINDINGS

Common owners over-consume a tesource in two different ways: they over-use the resource
relative to other goods, and they over-use the resource in the year relative to the next year.
Common owners consume too much wood too quickly. Both kinds of misuse occur because the
cost of the resource to each individual is less than the cost to society.

With two substitutable common-property resources, common owners may consume too much of
one and too little of the other, even if total use is efficient. This wrong consumption mix also
results from the difference between individual costs and social costs. In Nepal, villagers
probably cut too much hardwood relative to softwood.

Commeon owners may use inefficient methods to harvest a resource. This is probably not a big
problem for forest use in Nepal, but it is important for other common-property resources.

If investment in increasing the supply of the resource is possible, common ownets will generally
invest too little. In fact they ate not likely to invest in the resource at all, because other common
owners will reap most of the benefits of any investment. Very little reforestation will be done by
common owners, because trees planted in the commonly-owned forest by one villager will
probably be harvested by another villager. In the absence of a collective agreement under which
everyone plants trees or the government pays people to plant trees, nobody is motivated to plant
any trees.

If a resource can be left as common property or converted into private property, common ownets
will convert it into private property. They will do this even if the resource's value in use as
private propetty is much lower than its value in use as common property, because individuals
reap all the benefits of private property for themselves, but they share the benefits of common
property with all other owners. Nepali villagers leave too little land in forests and convert too
much to farmland because each owner captures the full benefits of private farmland but only part
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of the benefits of common forest land.

Common owners under-invest in information about the resource and common owners have no
incentive to acquite knowledge about planting methods growth rates or optimal cutting
techniques because no individual common owner can reap the benefits of improved information.

From a policy viewpoint, the most interesting finding is that supply is a bigger problem than
demand. The examination of Nepal's forests shows that under-investment in the supply of a
common-property resource is likely to be a much greater problem than over-use. External
environmental costs and benefits further aggravate the problem of deforestation. As a result of
these costs and benefits, villagers over-use the forest resource and under-invest in replenishing
its supply. Again, under-investment is a bigger problem than over-use.

What should be done

Desctibing solutions on a conceptual basis is the first step in solving the problem of
deforestation in Nepal. The economic model of deforestation indicates three inefficient
outcomes: there are welfare losses through common-property ownership, welfare losses through
external effects, and welfare losses through inefficient use. The problems of external effects can
also be solved with unified management. Unfortunately, whereas solving common-property
problems requires only local unified management, solving external effects problems requires
overall unified management of the resource as well as other resources affected by it. For
example, solving the problems of the external effects of deforestation in Nepal would require
international cooperation with India and Bangladesh as well as coordinated management within
Nepal, because these problems affect all three countries.

Problems of external costs may also be solved through taxes or quotas on resource use, or
through subsidies for substitutes for the resource. Problems of external benefits may be solved
through subsidies or through direct government investment.

Inefficient use can be reduced by subsidizing efficient use. More efficient use of fuelwood could
be promoted by subsidizing the construction of improved stoves, by providing information about
these stoves, or by providing demonstration stoves to a few families in each community, to
promote efficient use of fuelwood.

If property rights cannot be changed, solving the problem of deforestation becomes a question of
choosing among regulatory instruments and targets.

In general, any policy that raises the cost of anything affecting consumption of forest products or
lowers the cost of anything affecting investments in replenishing the forest is a possible policy
option. The hard task is to determine which instruments such as taxes, subsidies, quotas and
government investment and which targets such as fuelwood, fodder, kerosene, bio-gas plants,
improved stoves and livestock best meet the efficiency conditions and are thus most promising
for solving the problem.

What can be done

The main objective of forest policy in Nepal should be reduce the welfare losses of inefficient
use of the forest resource.
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Forest policies should be evaluated for economic efficiency, political acceptance and
administrative feasibility.

Solutions to the problem of deforestation fall into two categories: those that decrease the demand
for forest products, and those that increase the supply of forest products.

RECOMMENDATION

The government should emphasize the establishment of Panchyat Protected Forests and use of
more efficient stoves. These are the most efficient ways to combat deforestation in Nepal.

The Government should take advantage of the private demand, provide seedlings to villagers,
and rely on private incentives to care for these trees. Villagers' general preference for fodder and
fruit tree seedlings indicates that private plantings can be expected to provide much more fodder
than fuelwood. By promoting fuelwood production and more efficient fuelwood use, the
government can complement private initiatives.

Policy-makers should consciously use the first years of community forestry to acquire more
information about this policy and about Nepal's forest in general. As more data become
available, policy-makers should re-evaluate the problem of deforestation, and re-assess the costs
and benefits of alternative strategies for solving this problem. The factors leading to success or
failure for the different strategies within the community forestry policy should be identified, and
the emphasis of this policy should be changed if necessary.
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ABSTRACT

The aim of this research was to apply and evaluate geostatistical techniques which might
contribute to the development of a methodology for determining the spatial distribution of
endangered tree species, a primary pre-requisite for future planning for conservation of
biodiversity. Most of studies on biodiversity in the past were qualitative, and in some cases
subjective. The growing concern over loss of biodiversity has increased interest in
conservation-oriented projects and programmes, but the basic information is still lacking. The
thesis stesses that so far neither the spatial distribution of species nor the use of such
knowledge for the conservation of the species has been fully investigaed.

The study focuse on three endangered tree species in Chudi (Tanahu district) and Batter
(Nuwakot district) in the middle hills of Nepal. Finding where and how much of these species
remain was the core of the research.

Spatial data about the species were collected in the field over a regular grid using
geostatistical procedures, and analysis has revealed that this technique works well, at least in
the study area, in determining their spatial distribution, where the variation of the distribution
of the species is systematic. The research showed that simple choropleth maps delineated by
sharp boundaries as traditionally used in forestry, do not represent the distribution of some
species in the study areas which are due to various natural and human factors in fact more
gradual then abrupt. As evident from kriging and simulation, geostatistical techniques appear
to offer a way of describing spatial continuity of the distribution of species that is an essential
feature for biodiversity mapping. A geostatistical approach is able to quantify the magnitude
and location of the distribution of endangered tree species in the study area. It has been found
that there is a possibility to integrate the spatial knowledge of species approach to have
potential to give the direction for the conservation of endangered tree species by facilitating
spatial and temporal monitoring.

Methodology development is a complex and long-term process to solve the problem of
spatial distribution of endangered tree species. Geostatistical techniques as applied in this
research are likely to be useful for the development of a methodology which can be used in
the standard practices. This research recommends refinement of the present methodology and
strongly recommends further research on the spatial distribution problems of the tree species.

PROBLEMS

Nepal's forest resources are being rapidly depleted and pressure on forestland is increasing.

Forests are being harvested for fuelwood, fodder, timber and other products. The main causes

of forest degradation are over-cutting of wood for fuel and timber and heavy lopping of trees
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for fodder. In Nepal, 75% of the total energy and 42% of the livestock feed is obtained from
the forest. Forest fires and illicit felling.of timber are also major causes of forest degradation.

At present, deforestation is greater than afforestation in Nepal and it is thought that the
existing forest resource is no longer adequate to meet the demand for forest products.

In spite of many national efforts, data and estimates on forest resources are still lacking, or, if
available, are not reliable or up-to-date. The development and institutionalisation of a suitable
system and up-dating of existing data is a top priority in Nepal.

With an ever-increasing population in a shrinking forest resource base, the necessity of
monitoring major and minor changes of Nepal's forest resource, particularly biodiversity is
vital. Information on resource change and determination of current status of, at least, the
principal tree species is the primary prerequisite for future planning in the forestry sector.
Answers to the questions- What species do we have ? How much do we have ?, What is the
condition ?, How are they distributed? and What is the value ? - are the most important
information needs for planning and management of forest resources. A complete
understanding of current status and monitoring of change from the past is fundamental to
future analysis. From the rapid deforestation process in Nepal, questions have emerged
concerning the dynamics of the forests: How have they changed ? Why have they changed ?
How will they change in future ? Regional and national assessments which are directed at the
information needs of policy and programme formulators are also concerned with the current
status of the forest resources and, equally important is how the forest resource is changing
over several years.

Only a few studies on biodiversity have been conducted in different parts of the country.
There is a scarcity of quantitative and systematic data on the geographic distribution, location
within the geographic range, status, ecological characteristic of the species and their possible
vulnerabilities to environmental change. Many areas in the country are still under-explored in
Nepal. Because of complexity of interwoven factors, biodiversity research outside the
protected area is rearely done.

OBJECTIVES

« To develop a methodology to determine the spatial distribution of endangered tree
species.

The general objective of the research was:

« To apply and analyse selected geostatistical techniques which might contribute to the

development of a methodology to determine the spatial distribution of endangered tree
species.
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Specific objectives

To accomplish the general objective, the following specific objectives were identified:

1) To investigate the existence of spatial variation of the distribution of a selected number of
endangered tree species (in terms of basal area per unit area) in the principal study area
and compare that spatial variation with the spatial variation in another (protected) area
(with similar environmental conditions).

2) To estimate the spatial variation of the distribution of those species in the principal study
area and map them by using kriging interpolation.

For the present research, two types of study area were chosen: a principal study area and a
subsidiary study area.

METHODOLOGY

The study was carried out in three stages:
o pre-fieldwork
o fieldwork

« post-fieldwork

Activities carried out during pre-fieldwork included: studying geostatistics, gathering
secondary data and reviewing relevant documents.

The field work was a household survey for which a stratified random sampling technique was
used based on the caste/ethnic group. The households which were to be interviewed were
selected from each stratum in equal proportion from the population of the study.

FINDINGS

There exists a well defined spatial variation of the distribution of endangered tree species (in
terms of basal area and number per unit area) perpendicular to the settlement in the principal
study area. The spatial variation parallel to the settlement is comparatively weak.

From the comparison of spatial variation of the distribution of basal area values in the
principal study area with the protected area, it has been found that the variograms are likely
to show similar behaviour in the similar areas with respect to the same under-lying casual
factor causing spatial variation of the variable of interest.

Estimation and mapping of the spaial variation of the distribution of the endangered tree

species can be done by kriging interpolation. Contours are used to display the special
variation of species distribution.
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Besides kriging interpolation, spatial variation of the distribution of endangered tree species
can also be mapped by means of geostatistical simulation. Spatial uncertainty of the values of
interest at unsampled locations can be assessed by comparing a number of realisations with
each other and can be interpreted visually.

The procedure and output between kriging and simulation is quite different. In comparison to
simulation, kriging is easy to perform. kriging and simulation have their own importance
kriging -is considered twice as good (or as reliable) estimate as simulation. To retain
histogram, variogram, and conditioning data simulation is preferred. In the noisy data set
kriging might be useful.

RECOMMENDATIONS

The study concerned geostatistical techniques which might contribute to the development of a
methodology to determine the spatial distribution of some endangered tree species and it has
made an important contribution to a general methodology for biodiversity research. Since,
methodology development is a long-term process, it is recommended refinement of the
present approach, particularly on steps to be carried out during field sampling, if similar
outputs are expected; and proposes the sequence of activities.

The selection of areas for pilot surveys should be representative and therefore should be done
by carefully applying geostatistical sampling design.

Adaptive sampling techniques might be helpful in gaining information about rare species,
once local concentrations of the species have finally been identified.
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ABSTRACT

This dissertation investigates socio-economic and cultural factors affecting the adoption of
agroforestry technologies and also examines the techniques of valuing inputs and outputs of
agroforestry for cost-benefit analysis purposes, with special reference to the Terai region of
Nepal.

The present forestry situation, existing traditional agroforestry systems, and the socio-
economic envitonment of the region are discussed as are the factors which should be
considered in large scale adoption of agroforestry systems, apart from technical and financial
factors. The socio-economic and cultural variables affecting agroforestry development in the
region are identified on the basis of available literature and personal experience of the area.
How the tradition, culture, behaviour and social milieu of an area affect the adoption of a
system have been highlighted.

Agroforestry systems may enable more effective use of land and yield a higher net economic
rate of return. However it is difficult to present agroforestry information in a form suited for
rational decision-making because valuation of the wide range of both environmental and non-
environmental costs/benefits involved is very difficult. The possible costs/benefits of
agroforestry systems in the Terai have been identified, and some meaningful method of
valuation of them in cost-benefit analysis of agroforestry systems are reviewed.

It is concluded that: (a) the social issues of the production methods and resource strategies of
involved agroforestry systems have to be given due respect and are also to be viewed from
the socio-cultural viewpoint; (b) for the valuation of inputs/outputs, the data sources need to
be improved in order to get appropriate results; (¢) the discount rate needs to be considered in
greater detail as agroforestry systems are very sensitive to it; and (d) no specific correct
decision critetion for choice of agroforestry system exists and, therefore, combined use of
Net Profit Value (NPV) and Internal Rate of Reurn (IRR) has been suggested.

PROBLEMS

While the existing forest is the most important natural resource of Nepal in meeting the basic
needs of the rural people for fuelwood, fodder, timber, poles, leaf litter etc. it also plays an
important role in protecting the fragile ecosystem of the Himalayan region. Due to the close
interrelationship of human and forest, it can be regarded as a part of the human ecosystem
and is deeply rooted in the culture and traditions of the rural people.

In the last few years the forest resoutce of the country reached a critical point as demands on
it have become so high that there is always a short supply and the growth on a sustainable
basis is not possible. As a result, the existing poorly stocked forest is degrading very fast. To
cope with the situation several forestry development projects are being implemented and new
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approaches to agroforestry are also being sought so as to reduce the further deterioration of
the existing natural forest.

The devastation of forest is more severe in the Terai region than in other regions of the
country. Large areas of forest have been converted to agriculture and there is still tremendous
pressure to convert existing degraded natural forest to agriculture and for forest produce.
Several forestry projects implemented in the region are looking for faster growing species in
order to replace the slow growing indigenous species. Efforts are ‘being made to innovate the
appropriate agroforestry system that may at least alleviate the problem.

It is being increasingly realised that technical soundness and financial attractiveness are not
the only criteria to be considered in the development of appropriate agroforestry system and
that socio-economic and cultural environment of an area can become an obstacle for effective
implementation of these systems. Thus, consideration of these factors is equally important
when devising a new agroforestry technology. Falling to consider these factors will not only
reduce the adoption rate of a particular agroforesry system but can also exclude the people
and hence affect implementation of similar programmes in the future.

OBJECTIVES

The main objectives were to:

1) investigate the socio-economic variables affecting the adoption of agroforestry
technologies in the Terai region and take these variables into account in designing and
analysing the agroforestry intervention.

2) examine the techniques of valuation of inputs and outputs, and the applicability of the
principles of cost-benefit analysis, in evaluating agroforestry innovation in the context of
the Terai region of Nepal.

METHODOLOGY

Cost-benefit analysis (CBA) is one approach widely used for determining the economic
attractiveness of a programme. Although the approach is widely used for commercial forestry
programmes, due to various non-marketed costs and benefits involved in forestry related
programmes the CBA approach will always have to pass through a difficult valuation
process. The approach is also used by many analysts for agroforestry projects and may be
applicable in determining the economic validity of a proposed agroforestry system.

FINDINGS

Tt has been recognised that the involvement of people in tree planting is the only solution to
alleviate the problem. Appropriate new agroforestry systems could be devised and the
traditional agroforestry that has been in existence since time immemorial could also be
improved to increase social welfare. The most difficult task that always arises in tree
planting, is the involvement of the people in the plantation scheme. The introduction of trees
in a farming system is not only affected by climatic and edaphic factors but also by the socio-
cultural environment. Existing land use practices have close linkages with people's tradition,
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culture and socio-economic factors. Any change in farming practice, therefore, may have a
linkages upon these factors of a society. In general the positive impacts may not be noticed
whereas a minor negative impact may strongly affect the implementation of a programme.

Tn order to obtain large-scale adoption of an agroforestry system due respect must be given to
the social issues of the system. Overlooking these issues on the one hand affects the
implementation a wrong course may be taken or the target group missed On the other hand it
can have a serious effect upon the future participation of the people in the similar
programmes.

The production methods and resource allocation strategies of innovated agroforestry systems
must also be viewed from a socio-economic and cultural viewpoint. The socio-cultural
variables are very much site specific. The different areas may have a different set of factors
affecting the adoption differently. The actual implication of tradition, culture, and socio-
economic factors upon the agroforestry development have not been much studied in the past.
The investigation of the influence of these factors upon acceptability of a system is of utmost
importance during the designing phase.

There is no general consensus in the use of techniques of valuing the costs and benefits of
agroforestry system in cost-benefit analysis. The cost-benefit analysis approach has been
much used during recent years to compare the economic attractiveness of different
programmes. Agroforestry systems involve many environmental and non-environmental
inputs and outputs. The valuation of these inputs/outputs are very difficult. The
conscientiousness of an analyst has therefore, much influence in the analytical process.

There is no consensus in the estimation of calorific value of wood, kerosene, charcoal and
cattle dung. For example, there is a 100% variation in the estimation in kerosene equivalent
of fuelwood.

The replacement source of fuelwood in its absence varies from place to place. The entire
fuelwood, in is absence, is never replaced by one substitute. There would be a proportionate
increase in use of other fuels. This fact often seems to be eschewed when estimating the
replacement value.

The valuation of fuelwood in terms of opportunity cost of the labour many also not give a
veal value especially in the Terai. This approach depends upon the assumption that the labour
for collection would be diverted from the production process and it would reduce the
production.

In valuing environmental cost/benefits, the surrogate market/productivity/replacement cost
approach may not give appropriate results The improvement in productivity or aesthetic value
due to agroforestry may not have much impact upon the perception of land value. The
productivity approach and the replacement cost approach and involve detailed study in
productivity improvement, and increase in quality of nutrients on the soil and its effect upon
the production. There is a lack of information in this aspect, in the Terai, so it poses a
difficult problem in estimating the value.

The qualitative description of some benefits is also necessary. The non-environmental
benefits such as time saved in forest product collection, foreign cutrency saving, and increase
in production through reduction in cattle dung burning etc. are also important from the
national viewpoint Although some proxy values can be assigned to these benefits, the
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qualitative description could also provide some basis for decision making,

RECOMMENDATIONS

Discount rate needs to be considered in much greater detail. There is a long time gap between
the initial investment and return in agroforestry. This is because trees take several years to
give any return. This makes an agroforestry project more sensitive to the discount rates as
compared to agriculture or other quick paying projects. A discount rate of about 12% has
been suggested for agricultural projects in developing countries like Nepal. But this discount
rate may not be appropriate for the analysis of agroforestry systems. Moreover, the discount
rate fixed during planting may no longer be valid during harvesting. Thus, a separate discount
rate may have to be determined by considering the importance of agroforesty to the 'rural
poor'.

There is no general agreement in choosing the decision criterion for choice of agroforestry
project. Agroforestry projects are, in general, mutually exclusive projects. The use of
benefit/cost (B/C) ratio or net benefit-investment ration (N/K) ratio for mutually exclusive
projects can lead to erroneous investment choices. Thus, the combined use of NPV and IRR
and calculation of cross-over discount rate may be appropriate for the analysis of agroforestry
in the context of the Terai.
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ABSTRACT

Although the practice of forest protection and conservation by rural people in Nepal has a
long established history, the active management of such forests is a relatively new concept.
The mechanism of community forestry (CF) has been developed since 1978 to stimulate
active involvement of local people in forest management activities as a means of improving
the livelihoods of these people by providing more forest products. Under the CF framework,
it is the local people organised as a forest user group (FUG) who make decision regarding the
forest management, utilisation and distribution of benifit from a forest. Some believe
however the management of community forests in the hills of Nepal by FUG is passive and
proection oriented, resulting in fewer benefis than might otherwise be gained.

The aim of the study was to describe the active management of communit forest by the
Bharkhore FUG. The thesis analyses the forest management and institutional development
activities of this FUG from Western Nepal, in relation to modern innovative forest
management principles and the robustness of a local level forest management institution
based on common property.

PROBLEM

In Nepal, particularly in the middle hills, forests are an integral part of the farming system.
During the 1970's there was a growing recognition that the Department of Forests (DoF)
alone could not manage the forests. A partnership between Government and villagers was
seen as being essential to ensure that the forests were managed sustainably and that people
had guaranteed access to forest products. In order to implement these ideas, His Majesty's
Government of Nepal (HMG) moved towards the adoption of Community Forestry (CF). The
essence of CF in Nepal is the development of a partnership between the local communities
DoF. The social unit representing the local communities of a particular forest in this
partnership is the FUG.

It is frequently reported that FUGs are reluctant to manage the forest effectively that the main
forest management activities are little more than the removal dead and dying trees and leaf
litter.

Many studies claim that hill farmers neither misuse the forest nor consume it inefficiently,
and that they remained very conservative in harvesting the resources.

More attention is paid to the membership of FUGs than to the forest to be managed, more
attention to developing confidence among users and promoting decision-making, than o
technical innovation. This attitude creates a challenge for foresters, villagers and project staff
to ensure the appropriate application of silvicultural regimes to achieve management
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objectives. There is an urgent need o more away from conservation and protection to more
production-oriented management approaches in CF.

the philosophy of CF has bee explored by many writers in he past. these studies have focused
on the social, organisational and institutional relationships in CF. However, there is a gap
between studies focusing on the working unit of CF, and the resource and its management
practices. The FUG is the working unit of CF. Therefore, this research aimed to study within
he theoretical framework of the new principles of people-centred forest management and
common property focusing specifically on one FUG.

OBJECTIVE

The study aims to demonstrate FUG involvement in active forest management. The objective
of the research is to understand the dynamic functioning process of a FUG.

METHODOLOGY

The existing body of relevant literature on CF, common property and FUG information from
Bharkhore is the basis of this dissertation. A case study is presented from western Nepal.

FINDING

The case study presented in this dissertation indicates that Bharkhore FUG is managing the
forest actively, in contrast to the passive management which was previously thought to be the
norm. Such active forest management by a FUG can lead to an increased supply of forest
products without damaging the forest resource. In addition, the increased supply of forest
products to the users appears to lead to the overall strengthening of the FUG as an effective
institution, able to solve problems and manage the forest without the need for continued
recoutse to outside support. In other words, FUG involvement in more active community
forest management seems to lead to increased self-reliance. It appears that the adoption of an
effective 'learning process' plays to key role in determining to what extent the FUG is active
in managing the community forest on an equitable and sustainable basis. However, this needs
to be verified in the future through more studies covering FUGs which vary in location,
ethnicity, history of forest management and different socio-economic profiles.

An analysis of the characteristics of Bharkhore FUG against the robustness criteria for a local
level forest management institution has shown that there is a need for the careful application
of these criteria because they do not address 'the resource aspect' adequately and are focused
towards the 'institutional aspect' only. In other words, the theory of common property
provides sufficient framework to analyse 'the people aspect' and its institutional
arrangements, it does not provide adequate framework for 'the resource aspect' and technical
management. This is important because FUGs, meeting all the robustness criteria are not
necesserily involved in active forest management. In future there is a need to evaluate the
robustness of the FUGs of Nepal with wider research covering FUGs with varying shapes,
sizes, ethnicity, socio-economic characteristics and different forest management histories.
This study should be helpful in solving the problems related to the question what are the
reasons for the FUGSs not being involved in an effective institutional and social development
process?
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An analysis of the forest management practice of Bharkhore FUG indicates that this FUG is
heading towards the achievement of most of the principles of people-centred forest
management and that the users not only have some skills in matching silvicultural operations
to forest type and product needs but they have been also involved in designing, implementing
and monitoring demonstration plots without outside support. However, this has not been
developed sufficiently to obtain a sustained yield from the forest or to fully utilise the
available growing space. In addition, the contents of the constitution and the operation plan
(OP) are not free of ambiguity. These are the areas where there is room for innovative
technical intervention from professional staff.

RECOMMENDATIONS

Research in necessary to determine the appropriate silvicultural options to restore the
community forests to full productivity to meet the full range of local demands at the earliest
possible time: The demonstration plots managed jointly by the FUG and the DOF are
necessary to encourage mote intensive harvesting in community forest to achieve a
sustainable offtake of defined products. The ambiguity in the OP and the constitution can be
eliminated through training and extension and more careful execution of the CF field
planning process.

Tt is unwise to draw general conclusions regarding the indicators for a successful FUG from a
case study based on one FUG. The findings from this FUG need to confirmed by broader
studies covering FUG with different histories shapes, sizes, ethnicity, socio-economic
conditions and geographic locations. such studies should be helpful in identifying the
characteristics of successful and unsuccessful FUGs and in solving the problems for FUGs
which are not involved in active forest management. They should also identify the key areas
where there is a need for state intervention for the successful management of the community
forests.

Finally, it is worth mentioning a few words about the implications of this research. Dispite
the dangers of drawing general conclusions from a case study based on one FUG, the study
neverthless proides evidence against what is generally thought to be the passive management
of forest by user groups. The development of a FUG like Bharkhore as a technology and
information transfer centre can create 'chain effects’ among the neighbouring FUGs. It is
expected that this research will motivate others to conduct more research exploring the
existing active forest management practices of FUGs in the hills of Nepal.
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ABSTRACT

In Nepal community forestry (CF), is becoming the favoured philosophy for developing and
managing forests at the local level. It emerged during 1970s as a result of change in
development approaches from economic growth to basic needs. Because of the failure of past
forest policies to address forest degradation, the government then decided to change from it
conventional forest policy of conserving the environment of the hills to improving the socio-
economic condition of the rural people. In this context Nepal has adopted a progressive
policy for the forestry sector, which emphasises CF. The main principle of CF is to involve
rural people in the management of local forests. Group involvement in natural resource
management as practiced in Nepal through people's organisations called Forest User Groups
(FUG) is perhaps a new approach in the world.

The aim of this study was to assess whether the FUG would be a suitable organisation to
manage local forest resources, It looked into sustainable forest management, empowerment
of local people, changes in planning processes and the changing role of the Forest
Department. The thesis analyses institutional and organisational aspects of the FUG concept
and then discusses its implications for policy. It also discusses some of the problem areas in
this concept, and the support ngeded to improve future activities.

The two main ingredients of CF-people's participation and benefit sharing-are becoming
realities in Nepal. In this regard, the thesis reviews CF policy and its evolution in Nepal.

It provides some recommendations for future policy and of strategies. The most important
recommendations concern the need for co-operation between different line agencies and for
more staff in the field. It further argues that a federation of FUGs would be helpful in
institutionalising the empowerment process.

PROBLEM

The concept of CF gathered great strength after the FAO published Forestry for Local
Community Development in 1978. However, in Nepal, it emerged in 1976, after realisation
that traditional forestry efforts were inadequate to halt forest degradation without the active
involvement of local people.

In many countries the terms 'social forestry' and 'community forestry' are used
interchangeably, but in reality they are practised differently. Social forestry is a mechanism
for sharing benefits between the government and local people, whereas, in Nepal, all the
benefits go to the local people under CF programs.
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The involvement of local groups and organisations in agriculture and community
development has been studied quite extensively, but studies on their involvement in natural
resource management are very rare because it is such a recent development. At this stage
FGUs are also involved in community development but the concept of their involvement in
local resources management in Nepal is in its infancy. Hence, it is essential to study the
nature and activities of FUGs for the future.

OBJECTIVES

The study aimed to explore different aspects of FUGs and to assess them as grassroots level
organisations for local forest resource management. The specific broad objectives of the
dissertation were:

1) to review the present CF policies

2) to review the working strategies for CF,

3) to analyse organisational and institutional aspects of FUGs,

4) to analyse the implications of the FUGs concept for community forest management.

METHODOLOGY

This study was based on a literature review related to common property resource,
management, local institutions and organisations and forest policies and the author's own
experience in community forestry for some 10 years.

FINDINGS

The study found that forest management by local communities through their organisations is
a key element of government policy in Nepal and is an appropriate policy for the developing
countries like Nepal, where the physiography of the country and limited government staff
make it impossible for the Government to manage alone. This policy recognises the
importance of local communities in forest management. However, policy itself is not
everything. There is a need to improve the present situation for effective implementation of it
in practice.

Emergence of New Policy
There were both external and internal factors affecting the emergence of this policy. The
main external factor was the changed preception of developmnt in the world; the main

internal actor was the failure of past policies which could not halt the degradation of the
forests in the country.
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The focal point of this policy is the FUGs, which have been taking over authority as the new
manager of their forest resources from the old manager (the Government). Critical to this
process is how the FUGs are formed and how the forests are handed over by the Forest
Department or taken over by the FUG and how forest resources are managed and are
distributed.

FUGs Success

It is clear that the FUGs are meeting certain prerequisites for functioning effectively and
sustainably and balancing the needs of their members with those of the nation. Internal action
and behaviour, institutional capacity and the concerted planning of activities which are seen
to meet the needs of he members within the dynamics of environment and society are some of
these pre-requisites.

Others are: participation in decision-making, feedback from the members about action and
recognised leadership. Diversification of activities under taken by the FUGs is a further
response to the need to expand in order to survive economically and strategically. Solidarity,
self-consciousness and confidence developed in rural people through the FUGs are both ends
in themselves and means to develop their communities as well as their local resources.

The organisational and institutional aspects of FUGs showed that rural people, who are
illiterate and poor can have the ability to protect, manage and regenerate their forests without
any assistance from outside.

However, many FUGs have inadequate administrative, book-keeping and managerial skills
and experiences. Poor communications within the groups, politicisation, nepotism,

inadequate consultation with opressed groups and lack of good leadership are areas where the
FUGs still need external support to enhance their capabilities.

RECOMMENDATIONS

Collaborative Work with various Agencies

There is a need for collaboration between local government agencies and NGOs for
implementation of CF policies.

Staff in the field

The success of CF depends on the ability of Forest Department "to work with, encourage,
teach, persuade, empower and support the FUGs"

Training Needs

The training institutes need to adopt new curriculum according to the needs of the staff as
well as the FUGs. Forestry institutes need to change their curricula according to the current
world thinking concerning the forestry sector.

Federations of FUGs'

The organisation of rural people could be strengthened and empowered by the formation of
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federations of FUGs at each level from the local to the national level. Such federation would
be helpful to articulating and processing their demands and claims to the government
agencies.

Further study

There is a need for further study in some of the most important areas. Since the findings show
that FUGs are involved in community development work, thete is scope for in-depth study in
this area, such as how and at what level their work is compatible with government activities.
Secondly, there is a need is to obtain empirical data on the impact of FUGs on local forests
and the level of improvement of forest condition. Thirdly study on the degree of domination
of elites in the decision-making processes of FUGs will be essential.
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ABSTRACT

Owing to the failure of nationalisation to improe he country's fores resource and realisation of
the need for people's participation in forest resource management, he Government of Nepal
has introduced a community forestry (CF) policy. Under this policy, all accessible forests of
the hills of Nepal will be handed over to organisations of the actual users of the forests which
are generally referred to as Forest Users Groups (FUGs), provided that these users are ready
to take forest management responsibilities. FUGs, with the assistance of forestry staff,
prepare operational (management) plans of the forests handed over to them and are
responsible to implement the plans accordingly.

Since 1978, the Government has as been promoting CV program, mainly in the hill region.
Hundreds of thousands of hectares of forests lands have now been handed over to various
FUGs. However, there is little information on the effectiveness of this policy.

This dissertations makes an attempt to analyse the government community forestry policy
and then assess the process of how this policy is translated into practice. It is based on the
review and analysis of the literature and author's own experience of planning and
implementing community forestry in the field.

The study shows that although the current policy is very progressive in nature, the old
established structure, procedure and functioning of the DOF as an institution have not
changed according to the spirit of the policy. There has been the tendency to view community
forestry as just another government programme and is planned and implemented as fixed
targets to the extent that the formation of FUGs is being superimposed over the indigenous
management systems rather than building on them, although they have been functioning for a
long time.

As already noted, community forestry policy is an expression of the shift to a community
based participatory approach in development thinking. It is also a response to the
deforestation crisis-in Nepal. Government forest policy has rightly been described as going
through a paradigm shift from forest-centred to people-centred forestry, where policies are
progressive and dynamic in nature.

OBJECTIVES

The overall aim of the study is to broaden the understanding of community forestry
management practice in Nepal and the difficulties experienced in association with the
implementation of the country's community forestry policy. The specific objectives are as
follows:

« To examine main salient features of community forestry policy in Nepal,
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. To explore the working relationship between the Department of Forest and rural
communities in general, and between District Forest Office and Forest User Groups at the
local levels in particular.

o To identify the strengths and weaknesses of the collaborative working relationship
between Forest Department staff and Forest User Groups. :

« To discuss the policy implications.

FINDINGS

The most important finding was that the formulation of good policy, though extremely
important, simply does not make things happen automatically on the ground. There is a gap
between rhetoric and reality in implementing CF policy. Policy change must be accompanied
by change in the DOF itself as an organisation and in the role of foresters, the agents who
implement the policy. As community forestry is still at a very early stage and evolving, the
approach to the implementation of the policy, therefore, needs to be flexible.

There is a need to reorient the Ministry of Forest and Soil-conservaion staff in CF and for, the
course cutriculum needs to be revised to incorporate such subjects as rural sociology and
psychology while still not undermining the technical subjects.

There is no direct linkage between the Forest Research and Survey Centre, DOF and the
District Forest Office at the field level. Most research programmes of the centre are related to
technical forestry and they are planned and conducted in isolation. It is important that forestry
research programmes are based on the needs and problems of the users and they are carried
out together with the users.

CF is less about teaching to the people about forests by foresters, rather foresters learning
from people by interacting with them. Therefore, foresters as implementing agents of CF
should develop a willingness to learn from the community. For that, the community should be
given their forests. The local FUGs should be viewed as local institutions and their capacity
should be strengthened.

Finally, there has been tendency of setting uniform targets throughout the country (e.g.
formation of FUGs). Donor agencies also want progress in number. Such an approach has, to
some extent, affected community forestry programmes. On the other hand, several studies
have demonstrated that rural communities know the importance of forests and trees and are
capable of managing them. Many communities have developed their own rules, regulations
and sanctions to protect and use forest and tree resources. It is therefore, important that such
local initiatives are identified, recognised and fully supported.
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ABSTRACT

Assessing the low acceptance of private plantation programs launched by government and
non-government agencies to alleviate the shortage of fodder in the mid, hills of Nepal was the
major concetn of the study. The main objectives of the researchwere: to describe adoption of
fodder trees, to evaluate the performance of adoption and to analyse the factors influencing
adoption.

Employing a multi-stage sampling technique, four Village Development Committees (VDCs)
of Kavre district were selected on the basis of availability or non-availability of nurseries and
markets. Survey data of the year 1993 was collected from 216 sampled households; 90 of
these were identified as adopters and 126 as non-adopters.

Adopters' fodder trees got 78.5% of the demand of the farm households for tree fodder.
Increment in milk production ranges form 46% to 146 % and saving over 56% time for
fodder collection were the positive effects of adoption. Peduction in crop yield only less than
5% was reported in two Village Development Committees (VDCs).

A Logit Model with Maximum Likelihood Technique was employed in the investigation of
the determinants of tree fodder adoptions. Farmers' knowledge (e.g. about the purpose of
fodder trees growing, skill in production, opinions about tree fodder in livestock feed,
awareness in terms of scarcity problems, environment, market prices, sources of availability
and agencies) was shown to be the most important determinant. Social participation,
distances to nursery and market and supply of fodder per livestock unit were other significant
determinants in adoption of fodder trees on farm land, but gross income, education, land per
ruminant, family size and distance to forest were found to be insignificant.

Ranking and scoring techniques were used for understanding farmers' opinions and
perceptions on fodder trees and distribution programs. The results indicated that high biomass
fodder trees are preferred by most of sampled households. Unknown about the importance of
fodder trees followed by land constraints were investigated as the main reasons of non-
adoption while mortality of seedlings was found as the barrier for the further adoption.
Hence, the thesis urges the immediate establishment of a regular monitoring program through
effective extension to improve farmers' understanding of the importance of growing fodder
trees and to create awareness tegarding sources, agencies and market prices. A
comprehensive government program for distribution of resistant and desirable species and
establishment of nurseries should be included in future plans for overcoming the problems
discovered.

149




Determinations of Fodder Tree Adoption in the Mid Hills of Nepal Adhikary, Milan.

PROBLEMS

The major efforts of most of the agriculture-based countries are aimed at increasing
agricultural productivity and improving the economic condition of farmers through the
introduction of improved agricultural technology. Planting of fodder trees on private land is
one agricultural technology that has been receiving a considerable attention for the
sustenance of the farming system.

The middle hills economy of Nepal, is characterised by mixed farming systems in which,
trees, crop and livestock are the cornerstones.

According to this survey of the hills, lack of fodder trees, inadequate pasture and grazing are

responsible for the low production of dairy animals as well as other factors such as disease
and breed.

Planting of fodder trees (dale ghans) on private land in this context has the potential the
problems of fodder scarcity and soil erosion and to provide energy inputs, thus aoding the
survival of hill farming systems.

Realising the fact, Government and non-government concerned with research and
development have formulated a fodder improvement programs under their livestock
development policy.

But, still the problem of fodder scarcity has not been overcome. Various studies have
revealed that production and distribution of seedling did not match with the plantation on the
farm land, even though planting has been increased.

This evidence of farmers' use of fodder tree seedlings from sources other than nurseties might
be the problems of adoption of such saplings. Since just introduction of any kind of
technology (farming practice) is not enough, it should be socially acceptable to help
overcome meet the shortage fodder, to improve the farmers' income and consequently to
strengthen the overall economy of the country. Therefore it is essential to identify and
analyse the factors that may be responsible for adoption or non adoption of fodder trees on
farm land in order to design and implement proper policy measures so as to overcome the
current problems of the fodder shortage.

OBJECTIVES

This study sought to clarify the fodder situation and the key determinants of fodder tree
adoption in the hills of Nepal. Specifically, the objective of the study were:

. to describe the farming system and socio-economic conditions in the area, with reference
to fodder tree and livestock situation.

. to measute the adoption of fodder trees in farm families.
. to investigate and analyse the relationship between socio-economic factors and farmers'
adoption of fodder trees in order to identify the farmers' characteristics associated with

fodder trees adoption.
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» to assess farmers' perception about fodder tree distribution programme carried out by
government and private agencies.

« to identify constraints and possibilities to increase fodder production.

METHODOLOGY

The following combination of methods was applied to gathér necessary and relevant
information:

1) primary data collection;
2) secondary data collection; and
3) participatory surveys.

Commensurate with the objectives, a sample size of 216 households with equal number (54)
from each of the 4 Village Development Committees (VDCs) were selected. A multistage
purposive sampling procedure was used and both informal and formal survey were
conducted.

The formal survey was carried out by questionnaire, the questions covering mainly socio-
economic profiles, adoption, farm production and income on the concerned subject matter
were asked to the sampled households. The questionnaires were prepared after discussion
with experts so as to obtain only the required informaiton. Skilled experienced persons of the
relevant field were hired as enumerators for reliability.

FINDINGS

In view of the fodder scarcity and requirements of the exising animals in the research sites,
fodder tree plantation seems to be a promising program. However, the deficit of green fodder
throughout the VDCs even where tree/ livestock unit was large, reflects the need of selection
of the most suitable species.

Generally in the case of technology adoption, the adaptability is greatly enhanced when a
farmers' attitude towards adoption is affected by his/her perception of need for and economic
resource. However, here the innovation promoted is not simply a reflection of perceived need
and access to resources, but also a question of socio-economic and institutional arrangements
within and between the households.

The impact of such programs can be seen from the several changes that have occurred in
household farming system. The major changes seem to have been through adoption
performance. It can be concluded that the areas having both nursery and market should beer
adoption performance in terms of demands and supply. High bio-mass, dominance of exotic
species and consciousness about the fodder shortage and impact to the environment are the
other significant contributions.

The adoption of fodder trees on the farm is largely a matter of the size of holdings and socio-
economic characteristics of the household. Particularly in a given socio-economic
environment, the perception is dependent upon the knowledge of an individual. The formal
and informal participation could widen the horizons of the farmers rather than the formal

education.
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RECOMMENDATION

Since the present analysis is based on a limited number of observations from only four VDCs,
this makes generalisation difficult. Nevertheless, it may be indicative of the forces at work in
the process of adoption of farm practices in Nepal. Additionally, adoption is defined on a
conceptual basis, which may not show the actual adopters' characteristics. Hence, there is
need of further study with clear concept in adoption. "
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ABSTRACT

The emergence and subsequent development of civilisation has been clearly associated with
an increase in the per capita consumption of energy. In Nepal, out of 269 kg coal equivalent
(CE) of per capita energy consumption per annum, which is the lowest figure among the
developing countries, the forest energy provide 248 kg CE or about 95.8% of the total energy
requirement of the country.

In the absence of adequate alternative source of energy, the traditional source of fuelwood
(primarily firewood) much meet the demand of fuelwood. Trees are lopped of all their
branches except for the top crown. The highly populated middle hills and valleys of Nepal are
devoid of the vegetation. Uncontroll grazing, indiscriminate liquidation of forests and
cultivation steep slopes and marginal lands have led to a situation which threatens an
alarming unpredictable disaster. Gathering firewood is now whole day's tasks in some
mountains villages of Nepal. The fuelwood storage promises to become a national
catastrophe. Sign of the crises are obvious throughout Nepal. The economy of Nepal is
agrarian and electricity is likely to be only complementary to fuelwood. Because of
infrastructural and distribution problems and limited generating capacity, this form of energy
will be at the disposal of roughly 3% of Nepal's population.

In view of these, facts, it is fortunate that trees, when properly managed, are renewable
resources, and that an immediate logical response to the firewood shortage that will have
many incidental and ecological benefits, is to plant more trees on farms, as shelterbelts along
road sides, and uncultivable lands throughout the rural areas. To meet the future demands for
energy one promising approach is to develop rural fuelwood programs to ensure that
ultimately each village has well-established wood lots to cover its needs for fuelwood.

Fast growing species of trees are available that can be harvested as firewood in less than 10
years and some of these species also regenerate without replanting.

Another is a wide choice of Eucalyptus species with these properties and also desirable
growth characteristics and relatively high calorific value. Some of these were selected for
early trials conducted by the Nepal-Australia Forestry Project and the Forestry Resources
Survey Office (Department of Forest) Nepal, and proved to be relatively fast growing and
tolerant of prevailing site conditions.

Trials of various Eucalyptus in the Adhabar area of Bhabar Zones showed that Eucalyptus

camaldulensis (Potford provenance) was he best and planting Eucalyptus spp. for firewood
crops is finally sound.
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PROBLEM

The highly populated middle hills of Nepal are in a process of devastation and deterioration
because of the intensive use and abuse of land. The energy problem in Nepal is twofold.
Rural areas rely almost entirely on fuelwood for energy and growing population has placed
the forest under heavy pressure.

In Nepal, the fuelwood requirement is met almost entirely by Shorea robusta, a tree locally
named sal or sakhuwa, a species of Dipterocarpacease family. The botanical name of this
species is Shorea robusta, which is naturally occurring in Terai and Bhabar areas at altitudes
upto 2000 ft. It is an extremely slow growing species with a natural rotation estimated at
about 120 years. To meet the increasing demand no one can rely on so long rotation and it is
imperative to switch on to a fast growing species suitable to the prevailing site conditions.
Early experiments have shown that various species of Eucalyptus viz. E. camaldulensis, E.
teriticornis, E. alba, E. citriodorus and E. grandis are very suitable for the fuel wood, having
relatively high calotific value and good coppicing power.

In view of the fast growing nature of the Eucalyptus species and the growing demand for
fuelwood this study aimed a small goal of reviewing the past studies and their applications
under Nepalese condition. However, the strategy of planting fast growing species involves a
network of techniques and a tremendous amount of work is required to cover all the aspects

of energy production. This paper covers only one aspect of the whole net-work which aims
for fuelwood production.

OBJECTIVES

101 To assess the fuelwood requirements of the population,

201 To compare the survival and growth of different fuelwood species grown at Adhabar and
adjoining areas,

3] To identify the suitability of Eucalyptus species as source of fuelwood production.

METHODOLOGY

Data for analysis and interpolation were collected mainly from three sources.

(a) Formal/informal speeches delivered by the officials of the Nepal, UK, Australian, Indian
Forest Services,

(b) The necessary informaion from the various forestry agencies in Nepal,

(¢) Measurement of height and diameter of Eucalyptus species planted in recent trails,

A simple statistical method of analysing the data is presented in the present thesis.
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FINDINGS
The early stages of trails in Adhabar and Trishuli have shown that Australian species of

Eucalyptus viz. E. camaldulensis, E. tereticornsis, and E. alba are most promising for
fuelwood plantations having relatively high calorific value and good coppicing power.
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ABSTRACT

The people of Nepal have a long tradition of farming, with tree fodder and agriculture being
interdependent components. Tree fodder provides about 40% of all animal feed but, is in
short supply in the dry season. Ficus semicordata (Moraceae) known in the vernacular
language as the khanyu provides an important fodder. Farmers distinguish two types, khasro
khanyu and rai khanyu based on differences in the vegetative parts. Two further sub types are
recognised within khasro khanyu depending on the edibility of the fruit (figs). Field surveys
were conducted to:

(1) investigate by stratified random sampling the types of Ficus semicordata recognised
and preferred by farmers and their uses in Nepal .

(2) examine the distribution of the types of khanyu in Central Nepal through an altidudinal
transect from 200 to 2600 m and assess their size, form, degree of lopping and
associated vegetation.

(3) establish whether botanical differences really exist in Nepal from a random stratified
sample of khanyu trees.

It was found that two main types of Khanyu i.e. khasto khanyu and rai khanyu are identified
by the farmers, except in the Far Western Region where rai khanyu is absent. The majority
(72%) of those identifying the two types prefer rai khanyu as fodder for a variety of reasons.
The distribution of the two types along an altitudinal transect in Central Nepal showed that
khasro khanyu occurs from 200-2000 m. and rai khanyu from 1400-2000 m.

It was found after examining 312 herbarium samples that two varieties of Ficus semicordata
(var. semicordata and var. montana) exist and their descriptions are given. These two
varieties agree with the Nepalese classification of Khasro and Rai Khanyu.

PROBLEM

The people of Nepal have a long tradition of mixed farming with animal husbandry and
agriculture being interdependent components. Livestock is also an integral part of the cultural
life in Nepal. Animals are primarily kept for milk, meat, draught power, manure, and for
religious purposes.

Farmers in Nepal have used fodder from trees to feed their animals since time immemorial.

Although, they know little about their chemical composition, they have considerable
knowledge of their empirical nutritional qualities.
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The preference of these fodder trees varies form one ecological zone to another in relation to
their availability within the zone and their feed value. Among the species used in Nepal for
fodder, the khanyu tree, F. semicordata is one of the most important. It is a common tree
belonging to family Moraceae. In Nepal certain ethnic groups such as Magars and Tamang
call this plant by a different name (Kosing) but in the Nepalese vernacular language it is
always known as Khanyu or Khanayo.

Nepali farmers distinguish two broad catagories of Khanyu trees -- Khasro and Rai Khanyu
on the basis of leaf size and texture, quality of fodder and edibility of the fruit by human
beings. In the Western and Far western regions of Nepal, farmers differentiate Khasro
Khanyu trees into two further types which they call Packche Khanyu or Khaje Khanyu
(meaning the Khanyu where the fruits ripen and are edible) and Wackche Khanyu or Akhaje
Khanyu (literally the Khanyu where figs tend to cause vomiting if eaten by human beings).

Whereas both Khasro and Rai Khanyu have a high potential for fodder production during the
Jong dry period (January to May) over a broad ecological range, farmers tend to prefer Rai
Khanyu. They believe that livestock fed with rai khanyu give higher milk yields while khasro
khanyu has an adverse on milk production and tends o reduce it. Only in the Nepali language
are these two kinds of F. semicordata clearly differentiated

OBJECTIVES

Since F. semicordate is such an important tree resource in the economy of Nepal, particularly
as fodder and food crop, it was decided to make an in depth study of its distribution over a
range of ecological and altitudinal conditions. An attempt was also made to ascertain its
frequency in different habitats such as forest and farm land and to learn more about the
phenology of leaf flushing. As at least two different kinds of Khanyu are recognized by
farmers it was decided to try to discover whether there is actually a botanical distinction
between the two types or not. It was also considered necessary to investigate certain aspects
of fig biology in an attempt to understand possible reasons for the edibility or toxic properties
of some Khanyu fruit.

METHODOLOGY

A random selection of ten farmers, within altitudinal range of 200 to 2200m, were
interviewed from 12 random wards, in the Eastern and Western regions of Nepal to test the
questionnaire. The main survey was carried out in a total of 36 wards selected at random
stratified in the three regions (East, West and Far West) of Nepal. A wards, a total of 564
farmers were selected at random using the voters list.

FINDINGS

Results of the survey show that F. Semicordata (khanyu) occurs both in forests and on
farmland. The natural occurrence limit of the two kinds of khanyu is different, khasro khanyu
occurs between
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200 and 1400 m and rai kahnyu is 1450 to 1950 m but there is a considerable overlap. Khasro
khanyu occurs in tree forest types from broad-leaved tropical forest to sutropical deciduous
hill forest. Rai Khanyu is restricted in its distribution and occurs only in semi-evergreen hill
forest.

The types could be distinguished by leaf morphology and latex color. Soil analyses revealed
that both kinds of F. Semicordata grow in the soil of various texture classes. Temperature
seems to limit the distribution of rai khanyu. The analysis showed that real botanical
differences exist between khasro khanyu and rai khanyu, but these chiefly concern the
vegetative parts of the plant, especially the leaves.

RECOMMENDATION

Rai khanyu is such an important fodder tree in Nepal, but has a rather restricted range,
attempts should be made to introduce this trees to other part of the country. This could be
done through the Department of Forest either by collecting seeds from fig or by transplanting
young wild saplings. ‘
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ABSTRACT

During the summer of 1996 (July and August), the potential for food competition between
Tibetan argali (Ovis ammon hodgsonii), naur (Pseudois nayaur) and domestic goat (Capra
hircus) was studied on the basis of available forage and their diets in a 177 km” area in the
Damodar Kunda region, upper Mustang. Tibetan argali, naur and domestic goat are non-
randomly distributed in three different zones in the study area, with approximate ecological
densities of 1.3, 5.5 and 30.1 per km?, respectively. The study confirmed the occurrence of
Tibetan argali in Nepal.

Stratified quadrat sampling was used to describe the floristic composition and forage
availability in the three zones. A microhistological technique of faecal analysis was adjusted
for inherent biases by comparing with bite-count data obtained for domestic goats and was
used to study the ungulate diets.

A total of five different vegetation types were identified in the study area. Dry grassland was
distributed in all three zones. Wet meadow and Lonicera community were found in both the
naur and the domestic goat zones, and desert steppe and dry meadow were restricted to the
Tibetan argali zone.

In the Tibetan argali zone, both species richness and forage availability were lowest.
Graminoids were more abundant than forbs; among the latter Saussurea graminifolia was the
most abundant species. The naur zone was richest both in species and in forage availability.
Here, the most abundant forage category as the graminoids, but the shrub Potentilla Sfruticosa
was the most abundant species. The goat zone was moderately rich in both species and forage
availability the most abundant forage category here being shrubs, particularly the species
Lonicera rupicola. In terms of floristic composition, the naur and goat zones were the most
and the Tibetan argali and goat zones the least similar.

Tibetan argali had very a high selection for forbs, particularly Saussurea graminifolia and
Sedum spp. Naur had highest selection for graminoids, but at the species level naur strongly
selected the shrub Potentilla fruticosa and the forb Chesneya sp. Domesic goat had the
highest selection for shrubs, particularly Lonicera rupicola and Potentilla fruticosa.

The proportions of various food items in the diets were signiﬁcantlgl different both at the
species (X* = 574.8, P<0.001 df=4) and at the forage category level (x“=242, P<0.001, df=4).
The three ungulates shared three common plant species, viz. Agrostis sp., Stipa sp. and
Potentilla fruticosa in their diet, but diet overlap at the species level was generally low. At
the forage category level, naur and domesic goat had the highest diet overlap among the
ungulate pairs compared.

159




Floristic Composition of Summer Habitats and Dietary Relationships Arjel Koirala, Rita;
bewtween Tibetan Argali (Ovis ammon hodgsonii), Naur (Pseudois Shrestha, Ranjan.
nayaur) and Domestic Goat (Capra hircus) in the Damodar Kunda

Region of Upper Mustang in Nepal Himalaya

Due to spatial separation and little dietary overlap, there is no apparent food competition
during the summer between the three ungulaes at present. However, if densities should
increase and cause more overlap in habitat use, naur would bee expected to compete with
both goat and argali for food because of their similar foraging regimes, than between goat and
argali. ‘

PROBLEM

The Himalayan region, 'the greatest physical feature of the earth', covers approximately 23%
of Nepal along its northern border with Tibet. These mountains provide a mosaic of
vegetation communities along their altitudinal gradient. This, together with a myriad of
topographical features, places the mountains at a comparative ecological advantage over the
plains by providing habitats for a unique assemblage of large wild ungulates. Although
numbers have diminished in many areas, the Himalaya still support a wide variety of large
ungulates including naur (Pseudois nayaur) (also known as blue sheep or bharal) and argali
(Ovis ammmon hodgsonn ) (also known as Tibetan argali, nayan or nyan)

A knowledge of the food ecology, paricularly a dietary relationships between sympatric wild
and domestic ungulates, is one of the major pre-requisites for address the issue of
livestock/wildlife conflicts and to assess the possibility of the multiple-use range resource
management.

In Nepal, studies on naur have so far mainly been limited to behavioral and population
aspects. Most knowledge on argali has been based on indirect observations like field signs
and interviews. A few studies on argali have been carried out elsewhere, such as in Ladakh,
India but are limited to general comments. Thus, the current status of argali is obscure and
deserves urgent atention in order to carry out long-term conservation activities. The
comparative food habits of argali, naur and domestic stock in Tibet have also been studied.
The results so far are in agreement with the generalisation that Pseudois and Ovis are grazers
and that the domestic goats are "the black sheep" among livestsock which consume
everything edible.

These closely related, similar-sized species of Caprinae, inhabiting the same region, may
compete for resources and co-exist either by geographical partitioning of ranges (by factors
like altitude, types of terrain, vegetation cover) or by different food preferences, or both.
Ecological separation between argali and naur has been reported, as naur prefers precipitous
habitats and argali undulating terrain, but nothing has been published about the way the
animals partition the habitat. However, there are instances where the two species have been
seen near each other in Tibet and in Ladakh, where argali has been reported to colonize
typical naur habitat, the possibility of interspecific food competition has been raised.

Therefore, whether these ungulate species are competitors is a question which is still
unanswered. This study addresses this issues.
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METHODOLOGY

Detailed vegetation analyses wete carried out to describe and map floristic composition and
other habitat features. Stratified quadrat sampling was employed, placing the transects in an
east-west direction in homogenous areas of plant communities. A total of 474 quadrats were
laid in different vegetation types. Quadrat size was 2 x 2 m in Lonicera (shrub) communities
and 1 x 1 m in the other four vegetaion types. The distance between two parallel transects
was maintained at 10 m and the first transect was placed after a random number of steps.

In addition to the vegetation survey, presence of pellets and tracks, altitude, aspect, slope and
percent bare ground/scree were recorded to assess general habitat characteristics along the
vegetation transects in each quadrat. A herbarium of all the plant species encountered in the
field was prepared as a reference collection. Unidentified specimens were later identified at
the National Herbarium in Kathmandu. To roughly assess the total number of wild ungulates
and map their distributiion, the ungulate habitats were searched out with 8 x 30 binoculars
from suitable vantage points. When a herd was observed, a 15-40 variable spotting scope was
used to count and classify the individuals unit.

Diet composition was studied by microhistological analyses of faces of all three ungulate
species. Direct observation using the bite-count method was employed for goats in order to
compare and adjust the faecal analysis data. In addition, feeding site examinations were
carried out for the naur and argali so as to supplement the results of the faecal analysis.
However, due to low sample sizes and the unreliability pertaining to information on
consumed plant species, data from the feeding site examinations are not incorporated in the
thesis.

FINDINGS

The Damodar Kunda region provides a mosaic of habitats with a unique aggregation of rare
and endangered wild animal species. Apparently it suppotts carnivores such as the brown
bear, grey wolf, snow leopard and possibly lynx, and their prey species such as marmot, pika,
naur and argali. The occurrence in Nepal of the latter was first confirmed in this study.

Damodar Kunda is also a good-quality pasture with relatively abundant palatable forage
resources such as Kobresia, Stipa Lonicera, Elymus, Agrostis, and Saussurea species for both
livestock (such as.sheep, goat, yak, dzopa and horse) and wild herbivores (argali and naur).
The good condition of the pastures is also indicated by the presence of breeding populations
of argali and naur and relatively few and low coverage of increaser species.

There is little food competition between argali, naur and goat during summer with current
approximate ecological densities of 1.3, 5.5 and 30.1, respectively.

During the winter season, the argali might migrate towards the north-east into Tibet, because
the topography of the western side is more rugged and therefore not suitable for argali.
Moreover, the villagers inhabiting the western side reported that they had never seen argali in
and around their villages. Naur, on the other hand, are likely to move towards the west during
winter because of suitable topography. If this is the case, food competition between argali and
naur during winter should not occur.
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There is little potential for food competition between the wild and domestic ungulates. Thus,
animal husbandry and wildlife conservation in the study area during summer seem to be
compatible with current traditional herding practice, provided that the wild ungulates are not
harassed.

RECOMMENDATIONS

In the future, any increases in the populations of argali or naur or both will probably broaden
the dietary overlap between them, thereby raising the potential for interspecific competition
for food. In that case, argali being the more selective feeder, it could become the weakest
part. Likewise, if stock numbers of goat should increase, it will probably compete for food
more with naur than with argali. In addition, excessive grazing by domestic stock during
summer may also limit forage availability during winter for the wild ungulates if they do not
move out of the area. Therefore, studies of the pasture condition, particularly focusing on the
impact of summer grazing by livestock on forage availability during winter and on the
carrying capacity of the pasture to determine the optimum stocking level are required to
assess the possibility for promoting animal husbandary in the region.

Future studies of naur and argali to determine seasonal patterns of habitat use, winter
movements and interspecific competition are needed to draw firmer conclusions.
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ABSTRACT

In order to select the best land treatment methods for soil and water conservation, it is
necessary to assess soil erosion from fields under different land use types. The Universal Soil
Loss Equation (USLE) was chosen to estimate soil loss to the base of the slope from the field.
Parameter estimations for this equation require fairly long-term rainfall data from a recording
rain gauge, soil tests, measurement of slope length and gradient, and estimation of crop and
management factors and support practice factors from site-specific experiments. Use of this
equation in developing countries is limited because of lack of data. All the available data and
information from the literature and field observations were used to estimate the factor
parameters of this equation for the Phewa Tal watershed. The soil loss over the watershed
was then computed to be 134965.9 tonnes per year. For conservation planning the tolerable
soil loss needs to be established using the USLE. Approaches to maintaining soil loss below
the tolerable level must then be made by choosing the appropriate cropping management
conservation practices.

PROBLEM

Soil is one of the principal natural resources of the earth, being essential for the production of
food, fibre, fuel wood and other necessities of life. The International Soil Science Society
defines soil as follows:

The soil is a limited and irreplaceable resource, and the growing degradation and loss
of soil means that the expanding population in many parts of the world is pressing this
resource to its limits. In its absence the biosphere environments of man will collapse
with devastating results for humanity.

Such a vital resource is mismanaged and abused in many parts of the world,, and the
damage is leading to soil erosion on a vast scale. Soil erosion is the removal of soil
from its original location. It is a process of detachment and transportation of soil
materials by erosive agents. The factors which influence the rate of erosion are
grouped under the headings of energy, resistance and protection. The energy group
includes the erosive agents of rainfall, run-off and wind. The remaining factors
directly affect the power of the erosive agents. The resistance group is responsible for
the erosibility of the soil. Potential erosion of the soil decreases with increasing
infiltration of water into the soil. The protective group focuses on factors related to
the plant cover. This group is responsible for protecting the soil by intercepting
rainfall and reducing run-off and wind velocities.
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Man's struggle with soil erosion must have started with the start of crop cultivation.
Soil erosion is a national problem in most of the countries in the world. But, in the
past,insufficient attention has been given to soil erosion control in most of the
developing countries. Rapidly increasing populations of humans and livestock had
resulted in over-exploitation of natural resources to meet the ever-increasing demand
for food, fibre and fuel. Thus, humans depending upon the natural resources may
affect their own environment in a negative way. This poses a great threat to scientific
land management and optimum productivity. ;

METHODOLOGY

This study was based mainly on a literatures review and field observations.

FINDINGS

There are limitations and problems in using the USLE that lead to inaccuracy of results
obtained by using the limited data available for estimating the factor values of the equation.
Some of the limitations and problems of using the USLE in Phewa Tal watershed area are: (a)
short-duration high-intensity rainfall data are not available over a long period of time; (b)
USLE was designed to predict sheet and rill erosion from cultivated fields in the USA; results
based on US experience cannot be easily applied in this mountainous region where
cultivation is carried out on terraced fields on steep slopes; (c) the monsoonal rainfall with its
assessnable thunderstorms and hailstorms does not follow US rainfall patterns and (d) the
equation does not take into account gully erosion and streambank erosion.

RECOMMENDATIONS

Despite these problems and limitations, soil loss for various combinations of factor values
were computed using the USLE. These results should prove beneficial in planning
conservation programmes that lead to minimum soil loss from a particular field. At the same
time, soil loss computed using the USLE should be evaluated by comparing run-off and
erosion data from plots in the area. At present, there are only limited data available from the
plot studies. Also, thete is a need to develop a new data base over several years to compute
the factor values. Soil loss estimated by using the new data base should be verified and
supported by the run-off erosion plot measurements. The new data base is needed to modify
the USLE for mountainous regions of recent origin, where gully and channel erosion are
serious problems. These first steps provide the means of estimation of soil loss and ways for
erosion control practices to be applied and a programme started to save Nepal's valuable soil
resources.
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ABSTRACT

This thesis describes agrofrestry systems practised in the eastern hills of Nepal. Salle village
represents an example of low productivity agriculture in the midst of rapid environmental
degradation as a result of deforestation.

The research identified the uses and components of agroforestry systems and their
interrelationships, gender division in agroforestry activities, and the impact on women of the
existing tree-planting program conducted by PAC (Pakhribas Agricultural Centre).

Results indicated strong interaction among the components (i.e. crops, trees and livestock).
Crops are the main components followed by livestock and trees. In the last five years, the
number of small ruminants (goats and sheep) was found to have decreased by about 48%.
This is related to the prohibition of using grassland (now under three plantations) for grazing
animals. On the other hand, new tree species such as Pinus wallichiana, Quercus glauca,
Castanopsis hystrix and Juglans regia have been introduced. However, these species are not
suitable to fulfil the village fodder requirement.

The substantial roles of women in agroforestry systems of middle hills are highlighted. The
study showed that women make important decisions and contribute their labour in household,
farm, livestock and forestry activities. The degree of their involvement, however, varies
among scocio-economic groups. It was found that, on average, women worked in various
activities for 12 house 49 minutes in a day while men worked for 8 hours 5 minutes. The
working times of both were observed to be longer in the monsoon than in winter.

Women have a significant roles in the management of tree species. Although most of the tree
management activities such as fodder and fuelwood collection and planting of samplings
were reported to be generally performed by both (56%), it was noted that 38% of respondents
reported exclusive involvement of women in these activities. The analysis of labour-use
patterns also indicated significant differences in the involvement of women as compared to
men. Prefernce criteria for tree species were also different according to gender. However,
some tree species, e.g. Saurauia napaulensis, Ficus roxburghii, Ficus nerifolia and Alnus
nepalensis were preferred by both men and women.

Over-all, women as compared with men, involve themselves more in agroforestry production
and management activities. The tree plantation program conducted by PAC has brought some
changes and consequences to Salle village. These included changes in livestock population,
livestock management, availability of bedding material and some fodders and the division of
labour. As the household changes from a free-grazing livestock system to stall feeding, the
women find themselves with more work, as children who once took care of the grazing
livestock are sent to school. In this context, the improvement of agroforestry systems in
eastern hills of Nepal cannot be achieved without the contribution of women.
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PROBLEM

Approximately three-fourths of Nepal's land area falls into the middle hills and high
mountain categories with elevations ranging from 300 m to 8000 m in the Himalayas. The
hill farming systems are based on strategies to manage forest, pasture and arable lands
simultaneously and in an integrated fashion to obtain essential items of food, shelter and
clothing.

In the past, traditional forestry practices were maintained under low population pressure, but
at present they cannot meet the needs of current population. The hills area is geologically
unstable, and every year landslides destroy fragile hill-slopes. Landslides are mainly due to
deforestation. The increasing needs of more fuelwood and more agricultural land feed
humans and livestock, and the felling of tress for short-term gain have all contributed to a
rapid rate of deforestation. Over 95% of cooking energy is met by fuelwood. The current
Jivestock stocking rate in the hills is none times larger than the carrying capacity. Some
estimates suggest that in just over ten years, from late 1960s to the early 1980s, up to half of
the forests in some hill regions have been cut down, with the area under forests reduced from
neatly 60% to about 30% of the total area. Because of heavy landslides and soil erosion in
agricultural fields, a serious food deficit is developing. Agroforestry is one of the proposed
technological solutions to these problems.

Daily activities performed by men and women in Nepalese agroforestry systems reflect the
prevailing sexual division of labour, skills, responsibility, and control within the larger
society. The success or failure of research efforts depends on the ability of researchers to
recognise the social objectives of diverse groups of rural producers and to reconcile or
accommodate the conflicts between men and women and between classes of rural clients. In
the Neplalese context generally, participation of the people in the public welfare activities is a
sort of tradition in the society, where people are courteous and respectful in nature. They
possess their own views of life, have natural dignity and respect that can bring community-
based developmental activities into effect. Those cover use of natural resources, education
and some primary health-cate services. However, the problems and opportunities inherent in
the gender division of access and control in agroforestry activities, present a special challenge
which must deal with women's relationship to the community as well as between groups of
women based on caste, ethnicity and source of livelihood.

OBJECTIVES

This study had the following objectives:

1) to describe the various components and their interrelationships in the existing
agroforestry systems;

2) To identify and compare the participation of male and female farmers in the existing
agroforestry and household activities;

3) To evaluate the constraints, opportunities and impact of the PAC's private tree planting
program toward a sustainable agroforestry system using gender-based analysis.
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METHODOLOGY

Data collection was done using a combination of different methods as follows:
1) Pre-diagnostic Description

Selection of the study area and an initial understanding of agroforestry systems of the area
followed a review of existing sources of information. Available literature and other sources of
information on secondary data such as climate, soil types and topography were collected,
examined and consolidated for the study.

2) Participatory Rural Appraisal (PRA)

PRA was conducted for one week, as PRA is increasingly being recognised as a data-collection
method which increases farmers' participation and focuses more on the farmers' decision-
making processes than conventional methods do.

The following data and data collection methods were employed with the PRA:

i) wealth ranking,

il) agro-ecosystem mapping (resource mapping),

1i1) matrix scoring,

iv) activity profiles and daily routines,

v) participant observation,

vi) semistructured interviews of key informant groups, and
vii)group interviews

1) Formal Survey

Preliminary testing of questionnaires was conducted in ten households, and any improvements
or changes needed were incorporated. The number of households to be interviewed was
decided on the basis of analytical results of the PRA, considering ethnic groups and economic
status. Tow-way stratified sampling method was applied to select 103 households.

The formal questionnaire was used to obtain quantitative and statistically more precise
information on farm size, family structure, land ownership, farmers' preferences etc. the
interviews were conducted with both female and male farmers of the same household so as to
remove gender bias and to get reliable results. Information was collected to identify women's
status in the family, including age, marital status, family size etc. This also included their
farming knowledge with respect to agroforestry, access to and control of resources skill and
interests, and problem in their participation in training activities.

FINDINGS

1) There exists strong interaction among the components i.e. crops, trees and livestock, in
which crops are the main component followed by livestock and trees.

2) In the last five years, the number of small ruminants like goat and sheep was found to
have decreased by about 48%, mainly because of the ban on using grassland for grazing if
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3)

4)

5)

6)

7)

8)

it is under tree plantation whereas newly introduced tree species like Pinus wallichiana,
Quercus glauca, Castanopsis hystricx and Juglans regia are not suitable to village fodder
requirement.

Women make important decisions and contribute their labour to household, farm,
livestock and forestry activities. The degree of their involvement, however, varies among
socio-economic groups. It was found that, on average, women worked in various
activities for 12 hours 49 minutes per day while men worked 8 hours 5 minutes. The
working time of both was observed to be longer in the monsoon than in winter.

Women play a significant role in the management of tree species as there was found their
exclusive involvement in the tree management activities like fodder and fuelwood
collection and planting of saplings.

Preference criteria for tree species were different between the genders. However, some
tree species like Saurauia napaulensis, Ficus roxburghii, F. nerifolia and Alnsu
nepalnesis were preferred by both men and women.

The tree plantation program conducted by PAC at Salle village has brought some changes
and consequences which include changes in livestock population, livestock management,
availability of bedding material and some fodder and the division of labour.

As the household changes from a free-grazing livestock system to stall feeding, the
women find themselves with more work as children who once took care of the livestock
are sent to school.

Over-all, women, as compared with men are involved more in agroforestry production
and management activities. The improvement of agroforestry systems in the eastern hills
of Nepal cannot be achieved without the contribution of women.

RECOMMENDATIONS

1)

2)

3)

4)

Development of an upland maize and potato based cropping system in order to make the
village development sustainable should be the policy level approach in the area. This
should bring further interactive changes in the relationship between crop, livestock and
tree components which should be addressed simultaneously to lessen the complexity of
the system.

The findings should help in formulating policies which strengthen women's participation
in improving crop production activities.

The management of fodder and fuelwood tress may be more efficient if women are
provided with the necessary technical support, training and encouragement to participate

in meetings etc.

Through the analysis of time allocation of women, it can be suggested that the training
should held in winter rather than in monsoon.
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5) Women's concerns should also be integrated and analysed before launching further
agroforestry and livestock oriented research and programs in Salle village.

6) Species selection, site management and further training related to agroforestry activities
should reflect the needs and aspirations of local people to make any program successful.

7) Since the long-term success of any development program depends to a large extent on the
participation of local people, this aspect should be adequately addressed when initiating
rural development programs in general and forestry development programs in particular.

FURTHER RESEARCH

Research is needed to identify the best fodder tree species for combination with maize, potato,
millet, soybean and wheat. Shading effects were described as the main disadvantage of
agroforestry, hence, threes giving less shade to above mentioned crops should be experimented
with.
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ABSTRACT

Resource information has special significance in Nepal, where the diversity in biophysical
conditions is extreme. Poor resoutce information may lead to wrong decisions with regard to
irrigation development, agricultural credit and input supply, agriculture and forestry research
activities, infrastructural development and land settlement plans. Wrong decisions result in
the inefficient use of available resources, in loss of production, and in the accentuation of the
provery of country.

In the past, several government departments have collected resource information to meet their
interim requirements, but comprehensive information covering the entire country is lacking.
The Land Resource Mapping Project (LRMP) 1980-1985 was initiated to fill this gap and
create a basis for rational development at various levels. This project produced various sets of
maps and accompanying reports but these maps have limitations which may restrict their use.
This study found various limitations, which are mentioned not because the survey is
considered in any way deficient, but so that its inherent weakness and underlying principles
should be understood by its users. Various recommendations are made based on the findings
of the study.

PROBLEM

The diversity within and between regions is a result of the complex interactions between
topography, climate, geology and land use. Even places within one small catchment show
marked contrasts in terms of opportunities and constraints for development. However the
general land use pattern that can be seen at present may be quite different from what the land
can offer. Vulnerable land may be being used beyond its cartying capacity, while other land
may be left unused or used below its potential. In the former case, erosion and other forms of
soil degradation associated with a decrease in production will be the ultimate result, while in
the latter case potential productivity is foregone. Amongst other errors which may result from
poor resource information are wrong decisions with regard to irrigation development,
agricultural credit and input supply, agriculture and forestry research activities, infrastructural
development and land settlement plans. Wrong decisions result in the inefficient use of
available resources, in loss of production, and in the accentuation of the proverty of the
country.

Certainly physical resource information alone cannot give complete answers to the questions
resource planners and managers would like to ask. For instance, the pattern of land use that
farmers are adopting or would like to adopt is controlled not only by biophysical land factors
but also by their own socio-economic conditions and cultural attitudes. However land
resource maps, if interpreted carefully by taking cultural and socio-economic factors into
account, could be a very useful tool for the purpose of sound land-use planning, management
and policy making.
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These resource information has special significance in Nepal, where the diversity in
biophysical conditions is extreme. In the past, several government departments have collected
resource information to meet their interim requirements. Comprehensive information
covering the entire country was largely missing. The Land Resource Mapping Project
(LRMP) 1980-1985 was initiate