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Abstract

ABSTRACT

Ba Be National Park, in the northern mountainous region of Vietnam, is an
important conservation area with numerous rare, endangered and endemic plant and
animal species. The plant resources of the park are exploited by local ethnic
minority (hill tribe) people to provide food, medicines and wood products; their high
birth rate, general ignorance of plant propagation and husbandry and their
dependence on the forest resources to maintain a subsistence level of life has placed
many plant species in the Park at increasing risk of local extinction. Moreover, many
essential plants are becoming so difficult to find that the local peoples’ lifestyle is
threatened. This thesis evalualuates the socio-economic features of the threat to plant
species in the Park, the broad ecological determinants of the distribution of plants in
the area and the genetic diversity of a selected number of plant species. The results
demonstrate that national and international schemes for the classification of the
conservation status of plant species is of limited relevance in the local context and a
mixture of national, international and local criteria enabled the compilation of a
plant species conservation ranking for the Park. A suite of environmental factors was
chosen to investigate their collective influence on plant species distribution; the
main determinants of floristic composition appear to be topography and disturbance,
with soil factors being important for endangered species, though other factors not
measured here may influence species composition at small scales. The genetic
diversity of four priority plant species was determined using the Randomly
Amplified Polymorphic DNA (RAPD) technique and the Random Amplified
Microsatellite Polymorphisms (RAMP) technique was used to further investigate
genetic diversity in two of the four species; the latter proved somewhat more useful
in distinguishing between populations than the former. A preliminary evaluation of
the location of high-genetic-diversity populations and individuals should allow an
informed selection of source plants for future propagation. Some recommendations

on future management of the National Park are made.
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Chapter I

Introduction

1.1 Overview

Forest plants play a crucial role in terrestrial ecosystems, offering major
ecological benefits in terms of climate control, carbon fixation, wildlife
maintenance, water conservation and prevention of desertification (Vaxevanidou
et al., 2006). Forests and forest products also greatly contribute to human
existence. Currently, more than 1.6 billion people depend on forests and forest
products for their livelihood, while more than 3 billion people, mostly in
developing countries, derive a significant part of their subsistence needs and
income from gathered plant and animal products (Igbal, ‘1993; Walter, 2001;
Djoghlaf, 2007). Gathering of high value products such as vegetables and
medicinal plants continues in developed countries for cultural and economic

reasons (Myers, 1983; Jones et al., 2002).

There is a worldwide trend of increasing demand for many popular, effective
medicinal plant species in Asia, Europe and North America, growing between 8
and 15% per year (Grunwald and Buttel, 1996). For example, in Germany, with a
strong tradition of medicinal plant use, 31% of over-the-counter products in
pharmacies in 2001 were phytophamaceutical preparations; a similar figure
applies in the United States (Schippmann et al., 2002). Igbal (1993) estimates
that 4,000 to 6,000 botanicals are of commercial importance; another source
refers to 5,000 to 6,000 botanicals entering the world market (SCBD, 2001). The
level of wild plant use in most developing countries is much higher than in

developed countries and it is increasing (Schippmann et al., 2002).

Beside over-exploitation, mass extinction is also due to large-scale habitat

destruction caused by human activities (Quy and Hoe, 1994; Frankham et al.,
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1995; Liu et al., 2007), while changing environmental factors are also indirect or

direct factors affecting extinction.

Estimates for the global number of vascular plant species commonly range from
250,000 to 270,000 (IUCN, 1997; Govaert, 2001; Bramwell, 2002). Some 12,043
plant species are currently listed in the Red List of [IUCN (2004), many being
faced with high risk of extinction: 34,000 species including more than 8,447 tree
species or 8% of the world’s total flora, are threatened with extinction, and the
situation has grbwn worse over recent years (Walter and Gillett, 1998; IUCN,
2007); 976 tree species are in a critical situation. An effective and efficient
methodology to arrest these declines is essential to ensure the future persistence

of the species and, by implication, ecosystem processes.

As a fundamental element of any ecosystem approach, it has to be recognized
that humans, with their cultural diversity, are an integral component of
ecosystems. In conceptual terms, the essence of sustainable development is
expressed by the relationship between people and the ecosystems around them
(Schippmann et al., 2002). This implies that ultimately one is entirely dependent
on the other. Human and ecosystem well-being need to be assessed together. A
society is thought to be sustainable when both the human condition and the
condition of the ecosystem are satisfactory or ‘improving’. The system improves
only when both the condition of the ecosystem and human condition improve

(Prescott-Allen and Prescott-Allen, 1996).

Evaluation of conservation status is increasingly seen to be the most important
conservation strategy for most endangered species and their habitats, given their
current and potential contributions to local economies and their great value to
ecology over the long term, the most important ingredient in this being
information (Peters, 1994). Each species has unique ecological, socio-economic
and cultural associations that must be understood (Schippmann et al., 2002). In
reality, the evaluations are always confronted with a lack of adequate information
about the plants used, their distribution, the genetic diversity of wild populations

and relevant environmental factors (Igbal, 1993). Research on the evaluation of
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the conservation status of endangered species and their habitats has fallen far

behind the demand for this globally important resource.

Evaluation of the conservation status of forest plant resources, especially
endangered species, is one priority for research work in order to understand the
conservation situation, to re-evaluate the level of risk of species facing extinction

and to find solutions to enhance future conservation activities.

Because people are the plant users, local knowledge in nature conservation is a
useful resource and methods to enable local people to share, enhance and analyse
their knowledge of life and conditions, to plan and to act are needed for a
realistic evaluation of and approach to plant conservation (Chambers, 1992).
Indigenous people in all parts of the world have developed highly complex and
very specific knowledge of their local vegetation, and, until quite recently, many
of them depended on plants from local flora for their livelihood and subsistence
(Quac et al., 1999; Phuong, 2000; On ef al., 2001). In many countries, such as
Norway, Sweden and Finland, the knowledge of local people in evaluating the
conservation status has been successfully applied to promote nature conservation
(On et al,, 2001; Chambers, 1992; Batabyal and Beladi, 2004; Hidayati, 2006).
Priorities for the conservation of endangered forest plant species can be assigned
by local people and be fundamental for the next steps of evaluation of

conservation status and taking action to conserve.

Some forest ecosystems in the world have been fragmented by logging and other
human disturbance, resulting in highly dissected landscape patterns and species

extinctions (Liu et al., 2007).

The distribution of plant species is widely accepted as a response to a variety of
interacting biotic and abiotic factors (Le Broque and Buckney, 1995).
Environmental variation often produces modifications in the pattern of
vegetation (Aronson and Shmida, 1992; Bertiller ef al., 1993). The examination
of species’ distributions in relation to environmental factors (both biotic and

abiotic) can be achieved through the approach of gradient analysis (Austin, 1996;
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Ruedas et al., 2006), and the correlation between floristic and environmental
patterns (Le Broque and Buckney, 1995; King and Buckney, 2001; Thorne,
2005). In addition, studies in other regions have found species to respond to
complexes of environmental variables (multiple environmental gradients) rather
than single environmental gradients (Margules et al., 1987; Fensham and
Kirkpatrick, 1992; Le Broque and Buckney, 1995; Bertiller et al, 1995).
Therefore, the study of relationships between vegetation and environmental
patterns for endangered forest plant species is necessary for their adequate

conservation.

Evaluation of the conservation status of plants can be achieved in a number of
complementary ways (Li et al., 2001). In recent years, the protection of genetic
diversity within species has become one of the major targets of conservation
efforts. Intraspecific genetic diversity is thought to be an important factor for
persistence of populations against changing environments, and is recognized as a
fundamental component of biodiversity (Newton ef al., 1999; Honjo et al., 2004).
Understanding patterns of genetic variation within threatened plant species is of
fundamental importance to the development of conservation strategies, both for
defining appropriate units for in situ conservation and for developing effective
sample collection strategies for ex situ conservation (Holsinger and Gottlieb,
1991; Hogbin and Peakall, 1999; Zhang et al., 2006). A number of polymerase
chain reaction (PCR)-based DNA techniques have been used successfully to
understand genetic structure and differentiation among various plant species
across their natural populations (De Fillipis ef al., 1996; Culley and Wolfe, 2001;
Heider et al., 2007). A large number of studies have been undertaken to assess
the extent of genetic variation in threatened species and their genetic diversity
(Hamrick and Godt, 1989; Karp et al.,, 1996; Young et al., 1996; Zhang et al.,
2006), particularly with the realization of the need for genetic diversity in the
future evolution of any species (New, 2000). The population genetics of many
endangered plant species identified by local people remains unknown. Thus, an
~ understanding of the extent and distribution of genetic variation within these

populations are essential for devising future conservation strategies.
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In recent years attempts have been made to differentiate between ecological and
genetic conservation, respectively. While much interest has been focused on
developing models for ecosystem and habitat conservation (Forey ef al., 1994),
for defining various aspects of genetic conservation (Marshall and Brown, 1975;
Yonezawa, 1985; Li ef al., 2002) and to gain scientific knowledge to contribute
to research (Johnston and Soulsby, 2004), less progress has been made in
checking the 'efﬁciency of conservation status evaluation and the risks for

endangered species.

Nguyen Hoang Nghia (2007) defined conservation as the proper management
and use of biological resources to obtain sustainable benefits for present and
future generations, including maintaining ecological processes and other support
systems of the living biosphere (water and soil resources), conserving genetic
diversity among species and populations, and using natural resources sustainably.
Presently, evaluation of conservation status and progress is basically dependent
on secondary data or existing documents (Khanh ef al., 2002; On et al., 2003),

particularly in developing countries.

For those reasons, JUCN, WWF, many countries and other international
organizations established cooperative action programs on biodiversity
conservation. IUCN and other agencies agreed that evaluation of the
conservation status of endangered plant species is an important element for
biodiversity conservation to prevent genetic diversity and habitat loss and to help
the local people who do not passively depend on the natural resources (Farrell,
2005; Farrier et al., 2007; Joseph and Possingham, 2008). Many documents and
guidebooks in conservation evaluation have been produced. The conservation of
endangered forest plant species was mentioned at the conference on Biodiversity
Conservation held in Hanoi in 2007, organized by the Ministry of Natural
Resources and Environment of Vietnam (MNRE), supported by IUCN and
WWE, with many international organizations and leading scientists participating

(MRE, 2007).
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This thesis relates specifically to forest plant conservation in Vietnam and in
particular to the northern mountainous region (NMR) of the country. The

following pages provide an overview of the situation in Vietnam.

Vietnam is located in south-east Asia with moist tropical conditions and
diversified cultures. It has been endowed with an abundance and diversity of
ecosystems, species and genetic resources which are generally regarded as highly
diverse. According to Aubreville et al., (1942) and Maurand (1943), the country
has more than 7000 plant species in 1850 genera and 290 families. Of these, 64
genera and 2084 of the local plant species are endemic to Vietnam, which
ensures that Vietnam has been ranked among the top twenty (16™) mega-
biodiversity countries in the world (Paine et al., 1997). Recently, many scientists
of Vietnam have found more species; Pham Hoang Ho (1993) found that there
are 10,500 species in Pteridophyta, Gymnospermae and Angiospermae. The
. National Biodiversity Action Plan, approved by the government in 1995,
estimates that there are about 12,000 plant species occuring in Vietnam (only
7000 of which have been formally named) (Chan ef al., 1999). These resources
greatly contribute to the economic development and biodiversity of Vietnam and

beyond.

In terms of economic value, all agricultural, forestry or marine products, which
come from biodiversity resources are estimated to bring about 2 billion USD to
Vietnam’s revenue every year. In many places, especially in the mountainous
regions, food and foodstuff sources, medicinal plants and essential sources of
income rely largely on biodiversity exploitation. However, the national rapid
population growth, the decreasing forest areas, over-exploitation or the over-
introduction of new varieties in agricultural production, have lead to the
reduction or loss of ecosystems, resulting in many species being in danger of
local extinction; it has been estimated that the speed of biodiversity degradation

is more rapid in Vietnam than in other countries of the region (Quy, 1997).

In Vietnam’s Red Book (1996), 350 flora species were listed as endangered
species; this increased to 380 species in 2004 (Thanh, 2006). The total of
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threatened species is high for a single country, reflecting the seriousness of the
threats to wild habitats in Vietnam caused by over-exploitation and shifting
cultivation, as well as the encroachment of sedentary cultivation, environment
change, habitat loss, and transition to the market economy (Quy, 1985; Quy,
1987; Huynh et al., 1996; Sang and La, 1991; World Bank, 1995; Quy, 1997).
Behind these direct or proximate causes of biodiversity loss are often underlying
root causes fueled by social or economic factors at the protected area, provincial,
national, and international scales. Intermediate and distant determinants of
biodiversity loss, such as timber exports, international demand for endangered
species, or planned migrations are rarely evaluated for their impact on a
country’s biodiversity (Mackinnon ef al., 1989; World Bank, 1995; WWF and
IUCN, 1995; Kemp and Dilger, 1996; Quy, 1997).

Thus, currently, some species of forest plants and trees are at risk of becoming
locally extinct. This urgent problem is mainly caused by using the resources
inappropriately. Local indigenous residents' lives are mainly based on forest
resources. Therefore, preservation and sustainable use of the resources are very
necessary, both for biodiversity conservation and for preservation of the local

peoples’ lifestyles.

In the northern mountainous region (NMR) of Vietnam, there are many
communities of ethnic minorities such as Tay, H'mong and Dao, as well as the
ethinic majority Vietnamese (Kinh), living together. Their livelihood is built
around a system of itinerant agriculture and the use of forest resources (Hung et
al., 2002; Dung et al., 2003). They use a variety of plant and animal exploitation
forms including clearing and burning the forest off for agriculture, hunting
animals for food, harvesting plants for food, construction, medicines, trade and
cultural and religious purposes (Raintree et al, 1999; Chau et al, 2003).
Through many years, these forms of cultivation and use of resources have had a
serious influence on the forest, in particular causing some plants and trees to
become in danger of local extinction (Centre for Natural Resources and

Environmental Studies 1997; Quy, 2007). Population growth among the ethnic
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minorities ranges between 3.5% and 5% in some villages, so demand for forest

resources is increasing.

Breakdown of the traditional land tenure systems and forest fragmentation make
it difficult for the ethnic minority people to move from where they are settled
now, as they would do in the past when resources became depleted. In addition,
these people are living at a subsistence level; because agriculture often cannot
meet all their needs, they have little alternative than to exploit forest products and
in this activity, many practices are unsustainable. Many programs, which were
implemented in combination with the establishment of cooperatives, were
ineffective because of lack of analysis of the needs of the various ethnic groups
and other social and economic factors (Zingerli ef al., 2002). In other words what
the indigenous people do and what their future needs and practices are envisaged

to be cannot be completely ignored.

1.2 Objectives and Scope of the Study

The principal objectives of the present study focus on the interactions between
the local indigenous people, their environment and the need to conserve and
sustainably use the forest resources of BBNP, Vietnam. There are several tasks

that will assist in this broad objective. They are:

1. Investigating the plants and trees present in Ba Be National Park

Based on standard plots of 0.1 hectare, it is proposed to describe the
species composition of the forest types and identify any strong
associations between rare/endangered species and the more common
species. Investigation of the most obvious environmental factors
responsible for local species composition will be conducted, including
measurement of soil characteristics (particle size, pH, organic content,
nutrient levels) and other environmental variables (slope, canopy
density/light intensity, disturbance etc). It is proposed to use multivariate
analysis and correlation to identify the patterns in community composition

and environmental relationships.
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2. Identifying the cultural and social factors related to collection, processing,

use and conservation of these kinds of plants and trees in the research area.

Investigation of indigenous peoples’ use of resources will be undertaken
to create an inventory of the communities' precious and scarce trees and
other plants by direct interviews and questionnaires. Using this and other
information it is proposed to set local priorities for conservation and

research.

3. Ranking of species in danger of extinction and identifying priorities for

special protection measures and/or future propagation.

Ranking will be based on the frequency with which a species is
mentioned by local people in the contexts of usage and scarcity, as well as
on international and national evaluations of conservation status. The data
obtained in 1. and 2. will indicate the abundance of the endangered

species in the area and their rate of exploitation.

4. Attempt to determine the most appropriate individual plants or plant

populations from which to propagate for the maintenance of genetic

diversity in the populations.

1.3

Two methods to measure genetic diversity will be used; randomly
amplified polymorphic DNA- polymerase chain reaction (RAPD-PCR)
and random amplified microsatellite polymorphisms-polymerase chain
reaction (RAMP-PCR). Data will also explain amounts of heterozygosity
in populations. A number of genetic diversity indices can be generated
from the data. Initially, a limited number of species will be used,
including at least one species classed as endangered/rare/threatened by

TUCN and at least one perceived by the local people to be so.

The Principal Questions being Asked are:

(1) What are the known rare/endangered/threatened species in BBNP and where

are they?
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These questions mostly can be answered by consulting
IUCN publications, the records of BBNP, some of the local
people and experienced experts working in the Park.
(2) What are the plant species most used by the ethnic minority people?
(3) What species do they perceive to be endangered or threatened?
(4) What species do they believe to be most in need of cultivation and or
propagation in the forest or villages?
These questions will be answered through the use of
questionnaires.
(5) How do conservation priorities identified by surveys of the local people
compare with national and international priorites? |
(6) Do particular rare, endangered or threatened species have special
environmental needs?
(7) Are there particular areas in the forest to which they could be transplanted for
protection or grown for exploitation?
These questions will be answered by examining
environmental relationships between species, including
multivariate analysis and correlations fo determine
whether those species have strong associations with plant
species that are more abundant and about which more is
known.
(8) Are there particular plants or populations from which propagation material
should be selected to maximise the genetic diversity, and sustainability, of
propagated plants?
This question will be answered through an examination of
the DNA characteristics of some of the most critical species
from more than one population each. Work on other

species will be conducted in Vietnam in future years.

1.4 Significance of the Study

1.4.1 Scientific significance
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The study will:

1.

Identify and evaluate the types of forest plants in Ba Be, and those in
danger of becoming locally extinct and the factors threatening them,;
Generate a database to aid future research and preservation of forest trees
and plants in general,;

Contribute to the understanding of the ecology of the forest types in Ba
Be National Park.

Establish a method for identifying the ‘best’ populations or individuals

from which to propagate for conservation.

' 1.4.2 Practical Significance

The study will:

1.

Contribute to conservation of the forest plants in BBNP by identifying
priorities for protection;

Identify species of plants that should be selected to be propagated in
botanical gardens, seedling gardens and communities;

Create a database of the plants that are in danger of being extinct and, at -
least for a few, determine genetic diversity;

Assist in the development of a comprehensive plan for the sustainable use

of the plants in BBNP including the endangered species.

1.4.3 Integration of information

There are basically two field/laboratory based studies and one study based on

socioeconomic survey results. The integration of the three should enable

recognition and documentation of the amount of biodiversity at risk in BBNP.

There will be a more comprehensive description of species abundance and

diversity in the park, and identification of some species that are locally rare and

endangered. A few of these rare species will have more detailed genetic analysis

and will contribute to an appreciation and better understanding of genetic

diversity problems in their early stages. Finally the use of resources and wishes

of the indigenous inhabitants of the area will be documented.
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The wishes of the indigenous people may or may not be compatible with species
conservation and diversity, especially of rare and endangered plants. This study
could emerge as the first step in trying to change the customs and practices of
native inhabitants so that they can change and adapt to new management
systems. Conservation practices will be included in recommendations of this

study, so that a fully integrated management plan for BBNP can be developed.
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Chapter II

Literature Review

2.1 Forest Plant Conservation

2.1.1 Forest plant resources and endangered forest plant species in the

world
(a) Introduction and Historical Background

Since time immemorial, people have gathered forest resources for their needs.
These products were used for construction of shelter and housing, clothing or
utensils, and plant or animal products for food, medicinal, cosmetic or cultural
uses (Schippmann et al., 2002). Thus, these forest resources have been closely

associated with human social development.

In the context of this study, the term forestry will be used to include all of the
above activities. In particular, it includes the gathering of non-timber forest

products.

The ancient Neaderthal in Iraq used some wild plants for medicinal purposes
from 60,000 years ago; some are still used in modern medicine such as
Anaphalis nubigena, and Senecio vulgari& (On, 2003; Mastrantoni ét al., 2005).
Mexican aboriginal people thousands of years ago used a species of Euphorbia
that today is known for containing hallucinogens and antibacterial substances
(Tim et al., 1994). Reference materials and documents have recorded the use of
forest plants. Ancient Egyf)tians used many plant species like Aloe ferfoliata,
Myrmecodia tuberose and Triumfetta lappula 3,600 years ago (Maurand, 1943;
On, 2003). The ancient Chinese listed many species for medicine and food in the
Book of the Flora of Emperor Shen Nong 5,000 years ago (Flora Hainanica,
1974; Flora Yunnanica, 1977; On, 2003). In Vietnam, many books recorded
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medicinal species in the book of Nam Duoc Than Hieu in the twelfth century and
Hong Nghia Giac Tu Y Thu in the fourteenth century (Khanh, 2002).

Using wild plants for subsistence has involved a process of trial and error and
learning from experiences over generations. From practical demands of
development, humans domesticated and conserved wild plants for easy use and
their sustainable development. In ancient Persia (now Iran), forest protection and
nature conservation laws were in effect as early as 1,700 B.C. Two thousand
years ago the Chinese practiced what they called “four sides”; forest plants were
planted on hill sides, village sides, road sides, and water sides. More than 1,000
years ago, Javanese maharajahs brought in teak and began to cultivate it. In the
African tropics, agro-forestry (growing of food crops in association with forest
trees) has been practiced for hundreds of years. In the Yucatan Peninsula of
southern Mexico, the Mayas cultivated fruit and nut trees along with such staples
as corn, beans and squash. Bark, fibers and resin were obtained from plants
grown in fields, kitchen gardens, and orchards. Early in their civilization, the
Mayas practiced slash and burn agriculture and dug drainage channels and canals
to move water to and from cultivated areas, and filled in swampland to plant
crops. The agricultural skills of the Mayas enabled their society to grow and
flourish. Causes of their decline in about A.D. 820 are not fully known, but some

believe that the Mayas made unsustainable demands on their environment.

Relatively little is known about tropical forestry before the mid 1800’s when
European colonial empires brought modern forest management practices to
Indonesia, India, Africa, and the Caribbean. Centres for forestry and forestry
research were estéblished, and more careful records were kept. Tran Van On
(2003) reported that there are 12 centers of biodiversity in the world: China-
Japan, Indochina-Indonesia, Australia, India, Central Asia, Far East,
Mediterrranean, Africa, Europe-Siberia, North Mexico, South America, and
North America. Many wild plant species were reclaimed and cultivated in these
centers. For instance: Papaver somniferum, Panax quinquefolium, Caryophyllus
aromaticus, Myristica fragrans, Cinnamomum zeylanicum, Mentha spicata,

Salvia officinalis or Cinchona officinalis (Ly, 1993; On, 2003).
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In Vietnam, many wild species have been domesticated and cultivated in local
gardens. Thousand years ago Vietnamese people domesticated upland rice for
their subsistence and presently this species has become one of the major crops of
humankind (Dap, 1999). Many native species were used for various purposes
such as vegetables, fruit, medicinal or cultural purposes. Ethnic minority people
in the north of Vietnam (e.g. Bac Kan, Thai Nguyen and Son La provinces) have
used forest plants for thousands of years (MacKinnon, 1990; Van ef al., 1993). In
ancient societies, humans participated in a form of conservation through their

experience of using natural resources (Quy, 1999; On, 2003).

Biological conservation began to arise as a concern by the 1960s and one
response to the problem of habitat destruction was to create nature reserve
networks throughout the world, though some reserves had been created much

earlier.

In the United States in the 1970s, ecologists tried to manage reserves by treating
them as islands in oceans of anthropogenically transformed habitat (May, 1975;
Diamond and May, 1976). The theory of island biogeography came under
increasing critical experimental scrutiny (Simberloff, 1976). Nevertheless, its
principles were adopted for reserve network design by some international
conservation agencies without any assessment of whether its empirical basis was

sound.

The use of island biogeography theory in reserve network design was criticized
by Margules ef al, (1982), who pointed out that the model had not been
empirically established and that there were important differences between
biological reseweé and islands. In particular, areas between reserves were not as
inhospitable to species in the reserves as oceans were to insular species. Several
researchers, mainly in Australia, pioneered a different approach to biological
conservation, which partly reflected the fact that modern methods of extensive
habitat conversion had begun only relatively recently in Australia compared to

Asia, Europe, and North America (Margules, 1989). It reflected the practical
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background of Australian conservation in the management biological resources

(rather than just academic research).

Conservation biology emerged as a distinct professional enterprise with its own
practices, culture and social institutions in the 1980s (Redford and Richter, 1999;
Biggs and Matsaert, 1999). In the late 1990s a consensus framework was
formulated for the design and adaptive management of conservation area
networks. The framework included an analysis of issues concerning four

theoretical problems that emerged:

(1) developing prioritization for conservation action;

(11))  the selection of surrogates for biodiversity in conservation
planning;

(111))  the assessement of vulnerability of conservation areas; and

(iv)  the synchronization of incommensurable criteria including socio-

economic constraints on conservation planning.
(b) Status of evaluation of endangered plant species in the world
(1) Causes of biodiversity loss and the risk of extinction

The primary factors contributing to extinction are directly or indirectly related to
human impacts (Frankham et al., 2000). Habitat loss and degradation, invasive
species, global warming, pollution, pesticides, human population growth,
agriculture, logging and fire suppression, mining and drilling, poaching, and
urbanization are the main causes of biodiversity loss and of species becoming

endangered (Nghia, 2002; Gurevitch and Padilla, 2004).

In Vietnam and other developing countries, biodiversity is also threatened by
rapid population growth and perceived compelling requirements of people; this
threat is particularly pronounced in the tropics. Biodiversity is affected by a large
number of processes and factors, such as deforestation which can be driven by
human activities, agricultural encroachment, fuel wood harvesting, medicinal
collection, illegal logging, housing and others (Mackinnon et al., 1989). Behind

these direct causes of biodiversity loss are often underlying root causes fuelled
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by social or economic factors at the protected area, provincial, national and
international scales (Rosser and Mainka, 2002, McKee et al., 2003). Intermediate
and distant determinants of biodiversity loss, such as timber exporting,
international demand for endangered species, or migrations are often not
considered as factors contributing to the problem (Yen and Sung, 1995; World
Bank, 1995).

Originally, the forest land areas in Viet Nam occupied three-quarters of the total
land area (Ministry of Forestry, 1991; General statistic Office, 2005), but over
the past few decades the forest of Viet Nam has suffered serious depletion (Ly,
1993; Nghia, 2000). Apart from habitat loss, many species are endangered or
have been lost as a result of massive over use. Precious medicinal plants and rare
timber collection, and over exploitation and collecting for the wildlife trade have
had a significant impact. Many species are confined to small geographical ranges
and occur at low individual densities, which render them highly vulnerable as the
forests are cut into smaller patches and eventually completely cleared (Quy,
1985; Spitzer et al., 1993; World Bank, 1995). Until now, most studies on the
protected areas of Vietnam, including the most important works, provided little
speculation about underlying root causes of biodiversity loss (Mackinnon et al.,

1989; Quy, 2007).
(2) Viewpoint and approach in endangered species conservation

The management of endangered plants is species specific and conservation
strategies need to consider anthropogenic effects on natural, ecological and
evolutionary processes. To optimize conservation efforts it would be ideal to
have information regarding life history variation, dispersal in heterogenous
environments and the local extinction and colonisation rates (Lande, 1992).
Swenson et al., (1995) stated that proper assessments of diversity should be
based on more than one method and should take into account the level of
variation likely to be encountered in the populations under study. By measuring
influencing factors, vegetation-environmental patterns and genetic diversity in

species, short and long term viability can be estimated, since together the
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methods evaluate the capacity of the plants to deal with environmental changes
in the short term and the genetic variations that are available for future
adaptations. Sound conservation policies should be based on an understanding of

the biology of the species and the factors that cause their decline.

Since its adoption in 1992, the Convention on Biological Diversity (CBD) has
strived to implement its three major goals: the conservation of biological
diversity, the sustainable use of its components, and the fair and equitable
sharing of the benefits from the use of genetic resources (Schippmann et al.,
2002). Although endangered plant species have not been explicitly on the agenda
of the various CBD meetings, all three goals of the convention are fully
applicable to endangered plant species resources. CBD also adopted the
ecosystem approach as the primary framework for action under the convention. It
is a strategy for the integrated management of habitats that promotes
conservation and sustainable use in an equitable way. The ecosystem approach is
based on the application of appropriate scientific methodologies focused on
levels of biological organization which encompass the essential processes,

functions and interactions among organisms and their environment.

In April 2002, the Convention on Biological Diversity adopted the Global
Strategy for Plant Conservation, including 14 global targets for 2010. The
ultimate and long term objective of the strategy is to halt the current and
continuing loss of plant diversity. Policy relevant to the conservation challenges
that arise frorh the increasing global demand for wild harvest and cultivation of
endangered plant species has been scattered among many different areas:
forestry, health, agriculture, indigenous knowledge, access and benefit sharing,
and sustainable livelihoods. The Global Strategy for Plant Conservation provides
a policy environment that is suited to addressing these challenges for endangered

plant species.

Targets for the year 2010 include:

(1) Understanding and Documenting Plant Diversity, including a widely

accessible working list of known plant species, as a step towards a complete
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world flora, an assessment of the conservation status of all known species, and
an understanding of basic conservation needs for threatened plant species,
with conservation protocols developed for 50% of such species.

(2) Conserving Plant Diversity: 10% of each of the world’s ecological regions
and 50% of the world’s threatened species effectively conserved in situ, 90%
of threatened plant species in accessible ex situ collections and 20% of them
included in recovery programs; 30% of production lands managed consistent
with the conservation of plant diversity; 70% of the genetic diversity of crops
and other major socio-economically valuable plant species conserved, and
threats to plant diversity from invasive alien species tackled.

(3) Using Plant Diversity Sustainably: no species of wild flora subject to
unsustainable exploitation because of international trade; 30% of plant based
products derived from sources that are sustainably managed, and the decline
of plant resources that support sustainable livelihoods, local food security and
health care reversed.

(4) Promoting Education and Awareness about Plant Diversity: every child
aware of the importance of plant diversity and the need for its conservation.
(5) Building Capacity for the Conservation of Plant Diversity: the number of
trained people working with adequate facilities in plant conservation and
related activities doubled, and networks for plant conservation activities

established or strengthened at international, regional, and national levels.
(3) Some activities for endangered species conservation

Many activities for endangered species conservation have been commenced.
National legislation and international agreements for the conservation of
particular species, for the protection of sites or habitats, and for the regulation of
activities that can pose threats to biodiversity have been established (IUCN,
2004). Internationally, The Convention on International Trade in Endangered
Species of Wild Fauna and Flora in 1975 regulated international trade of the
species listed. The Convention on Biological Diversity in 1992 encouraged
parties to take a wide range of actions for biodiversity conservation and

sustainable use. The European Union Habitats Directive 1992 (Ministry of
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Science, Technology and Environment, 1992) stated that the natural habitats
listed must be maintained at a favourable status, particularly through the creation
of a network of protected sites. The World Heritage Convention 1972 (Ministry
of Science, Technology and Environment, 1992) provides vfor identification,
protection and preservation of cultural and natural heritage (including habitat of
threatened species) around the world considered to be of outstanding value to

humanity; countries submit places for designation under the world heritage list.

On a national scale, the US was one of the first countries to pioneer research into
endangered species conservation; the United States Endangered Species Act.
(1973) states that the species listed are protected from exploitation and
disturbance, and their habitats are subject to legal protection. However, the
Brazil Forestry Law (1965) places more attention on the sites and habitats of
endangered species; this law establishes that each rural property in the Amazon
basin must preserve at least 80% of its forest cover. In the Asia-Pacific area,
Thailand’s National Park Act. (1960) established a legal basis for creation of
conservation areas or protected areas, including national parks (144 sites),
wildlife sanctuaries (53 sites) and forest parks (42 sites), while Australia
concentrated on strict control measures aimed at preventing the introduction of
pests and diseases (mainly established to protect the agriculture sector, but also
human health and the native flora and fauna) by the Australian Quarantine Act
- (1908). The Endangered Species Act and activities established a legal mandate to
promote the collection, analysis, and exchange of biological information. It
requires that for each endangered and threatened species occurring in the world,
a recovery plan be developed which delineates, justifies, and schedules the
research and management actions necessary to support the recovery of a species

(Schemske et al., 1994; TUCN, 2004).

In-situ conservation is one effective way for endangered plant species
conservation. In-situ conservation is widely applied to the conservation of
biodiversity, especially of endangered plant species. Conservation that maintains
recovering populations in surroundings where they have developed their

distinctive properties helps ensure the ongoing processes of evolution and
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adaptation within their environments (Tewksbury et al, 1999; Heywood and
Dullo, 2005). Wildlife and livestock conservation is mostly based on in-situ
conservation. This involves the ptotection of wildlife habitats. Also, sufficiently
large reserves are maintained to enable the target species to exist in large
numbers. The population size must be sufficient to enable the necessary genetic
diversity to survive within the population, so that it has a good chance of
continuing to adapt and evolve over time (Rhodes et al., 1994; Cardoso ef al.,
1998; Knaepkens et al, 2004). This reserve size can be calculated for target
species by examining the population density in naturally occurring situations

(Javis et al., 2000).

As of 1993 nearly 7,000 parks and protected areas covering in excess of 650
million acres had been established worldwide (WRI, 1992). When combined
with smaller areas such as national parks and nature reserves, a large portion of
the planet’s land surface is receiving some degree of protection. All eight Natural
Realms and 14 Biomes, as categorized by Udvardy (1975), are present in
reserves. In the United States, for instance, the national park system, the national
forest service’s wilderness areas, various state parks, and private reserves protect
forest ecosystems, which in turn protect portions of the genetic resources of the
contained species (Holland and Jain, 1981; Schemske ef al., 1994). Similar areas
have been preserved in many other countries. Most are in the temperate zone, but

a growing number of natural areas are being set aside in the tropics.

Many activities affecting in situ conservation of forest genetic resources have
been initiated by international agencies from the 1980s (FAO, IUCN, UNESCO)
and these agencies have also carried out studies aimed at outlining a
methodology for in situ conservation and drawing up tentative guidelines for
action. Project plans exist for gene conservation in three countries: Cameroon,
Malaysia (FAO, 1985) and Peru (FAO, 1987). The plans summarize the current
status, problems and opportunities for in sifu conservation of 20 important forest

species in each country.
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Ex-situ conservation is the process of protecting an endangered species of plant
or animal by removing part of the population from a threatened habitat and
placing it in a new location, which may be a wild area or within the care of

humans (Yonezawa, 1985; Hawkes, 1987; Hamilton, 1994).

Ex-situ conservation activities have been directed to endangered species
conservation. Efforts at forest ex situ conservation range from small stands for
seed collection, to stands for establishing breeding populations, to international
provenance testing programs (Brown and Biggs, 1991; Maunder, 1994; Ma et al.,
1996; Li et al, 2001; Farnsworth et al., 2006). Currently, seed stands have been
established for some 130 species, breeding stands have been established for some
40 species (excluding species of Fucalyptus and Acacia) (Chen and De Filippis,
2001; Hai et al, 2007). Ex-situ conservation efforts are concentrated on
economically valuable, fast growing plantation species. There is little deliberate
ex situ conservation of non commercial species. In the United States, about 6,000
ha of established seed orchards and clone banks provide extensive ex sifu
conservation of some of the most valuable domestic species (U.S Forest Service,
1982) (Schemske et al,, 1994). The ex situ conservation programs in tropical
countries are for the most part smaller and more recent than those in temperate
countries. An FAO and UNEP project for conservation of genetic resources of
selected forest tree species and provenance, begun in 1975, established about 40
ex situ conservation and selection stands (about 10 ha each in six tropical Asian
and African countries) using 11 pfovenances of four species: Euca?yptus
camaldulensis, E. tereticornis, Pinus oocarpa and P. caribaea. Many tropical
countries are now establishing provenance trials for fast-growing plantation
species and a large proportion of those plantings will probably evolve into
seedling and seed orchards or provenance conservation stands. In this way, the '

extent of ex situ conservation will be expanded.
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2.2 Molecular Biology and Nature Conservation

2.2.1 Genetic diversity

Genetic diversity represents the heﬁtable (able to be passed on to offspring)
variation that exists between individuals within populations, between populations
within species and between species. This is the raw material upon which natural
selection acts (Burgman and Lindenmayer, 1998). Such diversity is stored in the
DNA of an organism, and - where other influences are absent - is maintained
through the major evolutionary processes of mutation, selection, random genetic

drift, migration and mating (New, 2000)

Studies have found that a loss of genetic diversity decreases the ability of wild
populations to survive climatic extremes, pollutants, pests, and diseases
(Frankham, 1995). Genetic diversity is therefore considered crucial for the long-
term survival of a species since it enables populations to adapt to new
environmental conditions while contributing to the reproductive effectiveness of
individuals and the viability of their offspring (Burgman and Lindenmayer,
1998). According to Hopper and Coates (1990), the maintenance of genetic
diversity and heterozygosity in natural populations may provide the best general

strategy for ensuring the persistence of most organisms.
a) Factors reducing genetic diversity.

The amount of genetic diversity present in any species may be reduced by
chance. Natural catastrophes (such as floods and droughts) may wipe out entire
populations, or may reduce the size of populations, removing from the gene pool
the part of the variation stored in those individuals that are killed. Diversity in
any remaining populations may then be further reduced through genetic,
demographic or environmental stochasticity (Knaepkens et al., 2004; Savolainen

and Pyhajarvi, 2007).

Of more concern today, however, are the impacts of humans. Activities such as

habitat destruction, introduction of exotic species, pollution and overexploitation
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— the primary factors contributing to extinction (Frankham, 1995) — tend to
reduce species to small and fragmented populations, as has been the case with
endangered forest plant species in Ba Be National Park (Dinh, 2003). These
smaller populations are much more susceptible to stochastic (chance) effects that
include inbreeding, loss of genetic variation, inbreeding depression, and the
accumulation of deleterious alleles (Lande, 1994; Frankham, 1995; Lynch et al.,
1995; Bucci et al., 1997).

In plant populations, fragmentation may limit gene flow by preventing the
exchange of pollen between distant individuals (Groom, 2001) and by limiting
the dispersal of seeds. This may occur simply as a result of the distance between
fragments (especially in the case of wind-pollinated plants and wind-dispersed
seeds), or may be due to altered behaviour patterns in pollinating and dispersal
agents (Inceoglu et al., 2000; Perveen and Qaiser, 2003; Wu et al., 2005). Phung,
(1999), for example, found that fragmentation altered the behaviour of
pollinating animal species feeding on Melientha suavious and Erythropalum
scandens flowers. These animals showed more intra-plant movements, and less
inter-plant movements, when plant populations were small — a factor that could

well lead to increased inbreeding in the smaller populations.
b) Inbreeding and extinction risks.

Inbreeding is a term referring to the mating of closely related plants or animals
(Dudash and Fenster, 2000). In plants that are self-compatible, the process may
also occur as a result of self-pollination. Inbreeding tends to produce
homozygosity at gene loci — where individuals may once Have been heterozygous
for certain genes (having alternative alleles inherited from both parents), their
offspring have a greater chance of being homozygous (having identical alleles)
for those same genes. This reduces the level of genetic variation in the offspring
and can lead to the expression of deleterious alleles (Falconer and Mackay,

1996).

Inbreeding, in turn, may lead to inbreeding depression in which the viability of
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offspring is reduced. This may be manifested in reduced germination rateé,
reduced survival rates of germinated seedlings, reduced longevity and reduced
fecundity in the offspring (Dudash and Fenster, 2000). Since inbreeding
depresses components of reproductive fitness, it may also increase a species’ risk
of extinction (Frankham, 1995). This is a particular problem in small populations
where inbreeding is more likely to cause the fixation of mildly deleterious

mutations (Lande, 1994).

Though Caro and Laurenson (1994) have claimed that there is no evidence that
populations in the wild suffer from inbreeding depression, a number of studies
have revealed inbreeding depression in natural populations of plants (Dudash,
1990; Fenster, 1991; Johnston, 1992). Some authors are also of the opinion that
catastrophes and demographic or environmental stochasticity are more important
causes of extinction than inbreeding (Fenster, 1991; Johnston, 1992; Agren and
Schemske, 1993; Hauser and Loeschcke, 1994). Frankham (1995), however,
believes that extinctions may be incorrectly attributed to ‘non-genetic’ factors
alone when it is the interaction between genetic and ‘non-genetic’ factors that is

important.
¢) Why measure genetic diversity?

Measuring and mapping genetic variation within a species is an essential
requirement to ensure that conserved populations provide a representative sample
of the existing genetic variation (Hopper and Coates, 1990). It would be incorrect
to simply assume that geographically close individuals or populations will have
genetic similarity, or to assume that the greatest variation lies within the largest
populations. Various studies have found correlations between genetic distance
and geographical distance to differ with species, with some showing more
variation within populations and others showing more variation between
populations (Hopper and Coates, 1990). Other studies have found that large
populations show no more genetic diversity than smaller populations of the same

species (Llorens ef al, 1999; Fleishman ef al, 2001).
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To ensure that the maximum possible genetic diversity is maintained, the
variation extant in endangered species should ideally be analysed on an
individual basis. Unfortunately, as noted by New (2000), saving species is
expensive. The funds available for conserving a given species are often limited
and genetic considerations may therefore be placed low on the priority lists of
recovery plans. In light of this situation, it would be useful to have a method of
analysing genetic diversity that is informative, inexpensive and demanding of

little in the way of equipment and expertise.
2.2.2 Methods of Measuring Genetic Diversity

Genetic differences between plant species can be measured by a number of
methods. In general, these may be broken into three major categories:
morphological, biochemical and molecular methods. Morphological methods
have been the traditional approach (Karp et al., 1996) and may include the
measurement of gross characteristics such as height, width, leaf length, petiole
length, etc., or microscopic characteristics such as size and number of leaf hairs
or stomates. Where consistent morphometric differences are seen between
populations, a genetic basis to the patterns may be inferred (Hopper and Coates,
1990). Morphological (or phenotypic) attributes, however, are influenced by the
environment as well as the species’ genotype (Raven et al., 1992). This makes it
difficult to determine how much of any observed morphological variation may be

attributed to underlying genetic variation.

Where a species is morphologically uniform, hidden variation in the genome
may be revealed by other methods such és a study of chromosome number and
structure, variation in secondary compounds such as flavonoids and terpenoids,
or variation in specific enzymes (Hopper and Coates, 1990; Karp et al., 1996).
Though these methods are useful, they provide only a small sample of an
organism’s genetic make-up. A lack of variation in secondary compounds or
enzymes does not necessarily mean that genetic variation is absent in the species

(Hopper and Coates, 1990).
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A more direct way of measuring genetic diversity is the use of molecular
analyses. Such techniques have the potential to reveal an immense number of
characters, though they may also vary in the way they resolve genetic
differences, in the type of data they generate, and in the taxonomic levels at
which they are best applied (Karp et al., 1996). The method chosen for a given
study also depends on the amount of tissue available to work with, the degree of
expertise required, and the availability of funds. In some cases, researchers have
chosen to apply two or more methods to the same problem (e.g. Wong and Sun,

1999; Cabrita et al., 2001).

The molecular methods currently available for use may be roughly divided into
two categories — those based on enzyme digestion and blotting, and those based

on the polymerase chain reaction (PCR).

2.2.3 General conservation status of endangered forest plant species in

Vietnam

(a) Biodiversity conservation and endangered forest tree species status in

Vietnam

Vietnam is sixteenth in the world ranking of the mega-biodiversity countries
because of the rich abundance of plant species (Paine, 1997; Ho, 1999; Chan et
al., 1999; Khanh, 2002). The diversity of the Vietnam flora may result from
many causes. The country is situated in a monsoon tropic climatic area, is very
sunny, rainy and humid. These features are complicated by factors such as relief,
the maximum altitude being 3,143 m above the sea (Fansipan Peak). The
Vietnam flora also has specific traits representative of near tropical and

temperate climatic areas.

In respect of geographical structure, Vietnam lies in the Indoxiniam bloc of the
Earth, which has been stable for hundreds of millions of years (Chan et al., 1999;
Canh et al., 2001), and not covered by glaciers. The Vietnam flora has many
species recognised as endemic. Simultaneously, Vietnam is on the border of

three exchange ‘currents’ of vegetation. One current is from the South, called the
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Malaysian-Indonesian factor with Dipterocarpaceae as diagnostic, with Borneo
as the genetic center. The second current, from the West and South-West, is
named the Indian-Burmese factor conmsisting of species characteristic of
droughty-arid climate areas. Thirdly, a current from the North-West, includes
chiefly species of temperate latitudes of South China.

In Vietnam, since early years to the twentieth century, many studies on the
classification of Vietnam flora have been produced by French authors; Lecomte
(1907-1951) recorded and made a statistic table of 7,004 species of higher
vascular plants in Indochina (Vietnam, Laos and Cambodia); of course this
number is still far from the present species in all three nations. However, the
Indochina general flora book remains a precious document source among the
study works on Vietnam flora in particular and Indochina in general. With
quotations from the Indochina general flora in 1965, Pocs made lists of the
northern Vietnam flora with 5,190 species (including species between 12° and
17° North latitude and 155 species imported. Another French author (Aubreville)
studied in Vietnam, Laos, and Cambodia from 1942 to 1969 (Trung, 1970; Thin,
1995). In Vietnam, initial documents on the north of Vietnam recorded 5,609
species of 1,660 genera and 240 families arranged in accordance with the English
system from 1954 to 1964 (Loc, 1970). Pham Hoang Ho (1993) reported in the
book of Vietnam Flora 10,500 species of vascular plants. However, the number
of studies on identification of Vietnam plants is considerably larger; many
authors mainiy listed species by collection statistics as secondary data, whereas
the number of studies on particular areas by local people identifying species and

their priority for conservation are still small.

The Vietnam Red Book of Threatened Species is the most comprehensive
resource detailing the national conservation status of plants and animals. The
first edition for fauna species was published in 1992 but for flora species was
initially published in 1996. Its criteria were generally based on the categories of
IUCN but separated into different levels of extinction risks. Moreover, the Red
Book assessment process itself has developed substantially over the past decade,

extending the value of the Red Book for the assignation of threat status. The Red
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Book, in conjunction with the comprehensive data compiled to support it and in
spite of several important limitations, has become an increasingly useful tool for
conservation planning, management, monitoring and decision making. From
1992, the natural resources status in general and biodiversity in particular in
Vietnam have changed dramatically and the Red Book needed to be
~ informatively revised (Thanh, 2006). From that point of view, the Red Book of
Vietnam was updated in 2004; in this version it Wés revealed that after about ten
years the total of fauna and flora species endangered at different levels had
increased to 853 ‘species (including 407 fauna species and 450 flora species).
More importantly, endangered levels in each natural population have changed
from time to time. There were six fauna species recorded as Critically
Endangered in the 1992 Red Book but they were extinct in their natural range in
the Red Book in 2004. Presently, 194 fauna species are listed as endangered
species (46 critically) compared with 71 species in 1992. Among the flora, the
Red Book in 1996 recorded some species as Vulnerable that were upgraded as
Critically Endangered or Endangered in 2004. There were only 24 flora species
recorded as endangered species in the 1996 Red Book; that was increased to 192
species in 2004 (including 45 species recorded as Critically Endangered). Most
of them belonged to Magnoliophyta and Pinophyta.

(b) Regulations and strategies on biological diversity in Vietnam

The Vietnamese Government was aware early of the important role of
biodiversity and endangered forest plant species conservation. Numerous
regulations were established such as the Forest Protection Decree in 1972, the
Natural Conservation Strategy in 1985, the national planning of environment and
sustainable development period 1991-2000. The decree no. 48/2002/ND-CP

established rare and endangered species conservation efforts.

The Convention on Biological Diversity (CBD) (held in Hanoi, Vietnam in
2007) attached great importance on the need to protect biology from
unsustainable trade. The CBD and CITES share the goal of achieving, by 2010 a

substantial reduction in the current loss of biodiversity. The conventions address
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some important areas of cooperation on energy, sustainable use, economic and

incentive measures, international trade and illegal use.

Demand for a wide Vafiety of wild species is increasing with growth in human
needs, numbers and commercial trade. With the increased realization that some
wild species are being over-exploited, a number of agencies have reported that
many wild species face the risk of extinction worldwide (Lambeck, 1997; IUCN
and WWF, 2006). The opportunities for governments to develop legislation to
control and monitor the trade of endangered species and consider conservation
and sustainable use of forest resources as a priority in establishing protected
areas have been greatly enhanced. After the International Conference on
Environment and Development in Rio de Janeiro (1992), the Vietnamese
Government approved the biodiversity convention in 1994 and established The
national Biodiversity Action Plan in 1995 (GOV., 1995). Meanwhile, endangered
forest tree species were recognized as the principal focus for an urgent active

plan for biodiversity conservation in Vietnam.

In 1997, the Ministry of Science and Environment promulgated a regulation for

management and conservation of floral genetic resources including:

(i) investigation, survey and collection of genetic resources,

(i1) long-term conservation and safety of genetic resources collected,
(iii) genetic evaluation by biological criteria,

(iv) documentation of genetic resources and

(v) exchange of information and genetic resources.
(¢) Biological diversity conservation activities in Vietnam

In situ conservation has been implemented in Vietnam from the 1960s. Cuc
Phuong was Vietnam’s first established national park in 1962, and since Cuc
Phuong, ten more national parks have been created (Ratajszczak et al., 1990). In
addition to national parks, there are 27 cultural, historical and environmental
reserves, 55 natural reserves and 18 landscape reserves established, with a total

area of 2.97 million ha, occupying about 9% of the total national area (Sung,
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1995; World Bank, 1995) Many of these reserves were created by the state in
two administrative orders in 1977 and 1986 (Sung, 1995).

The main functions of national parks initially were to protect intact ecological
systems. Conservation of rare and endangered species currently lacks priority in

terms of detailed tasks, such as inventoring and monitoring (On, 2003).

The implementation of the national Biodiversity Action Plan has included many
projects in plant species conservation but mainly for medicinal and commercial

plants.

In comparision with in sifu conservation, ex situ conservation has commenced
more recently. A project for medicinal and oil plant ex-sifu conservation was
implemented in 1988 and continues with participation of 14 institutions in the
country (Ban ef al., 2001). There is an established framework of medicinal plant
conservation in 11 scientific institutions, with 250 species conserved, evaluated
and exchanged; these have supplied material for research and production. The
project proposed 500 medicinal plants should be prioritied for conservation in the

period 2006-2010 (Khanh ef al., 2005).

Twelve rare and endangered medicinal plants faced with high risk of extinction
at different levels have been researched and cultivated; these include
Acanthopanax trifoliatus, Asarum caudigerum, Berberis julianae, Fibraurea
tinctoria, Panax bipinnatifidus, Panax stipuleanatus, Polygonatum kingianum,
Rauvolfia verticillata and Tretrapanax papyriferus. All these species were
recognized for ex situ conservation (Chau and Tap, 1996; Tap, 1996). In 2005,
the Ministry of Agriculture and Rural Development (MARD) promulgated a

catalogue of rare and endangered crops needing conservation (MARD, 2005).

In terms of genetic diversity studies, the work conducted in Vietnam so far has

been limited (Nong ef al., 1995; Hoang, 2002).
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2.3 The Study Area

2.3.1 General description
a) Location

Ba Be National Park is located in Ba Be district, Bac Kan province, northern
mountainous area of Vietnam, co-ordinates 22°24’N by 105°37’E (Figure 2.1).
The Park, in the area of the Nam Mau commune, is encompassed by the Cao
Thuong commune in the North, Khang Ninh and Cao Tri communes to the East,
Quang Khe to the South and in the West it is bounded by the Nam Cuong and
Xuan Lac communes of Cho Don district, Bac Kan Province, and the Da Vi
commune of Na Hang district, Tuyen Quang Province. Most of the area was
declared a national park in French colonial times (Kemp et al., 1994; Quac et al.,
1999) and forms an important link with other adjoining reserves such as Na Hang

Natural Reserve of Tuyen Quang province.

2/Khang Ninh _ ---~¢{ 7L
\eBan Nam/’ " { P
- : { ) ‘,;

( : Y /
( \ ~

\\.Khuoi‘L\uong

— Restricted area boundary
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@ Park headquarters
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Figure 2.1: Map showing the geographic position of Ba Be National Park, Ba Be District, Bac

Kan Province, Vietnam.
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The Park is 254km north from Hanoi, and 18km South-West of the town of Cho
Ra. The National Park (BBNP) includes a natural area, fresh water lake and a
system of rivers and streams (Kamp et al., 1994; Hill et al., 1997; Scott, 1989).
The park is centered on Ba Be Lake which is the largest natural Lake in Viet
Nam, and was recognized as one of 20 special freshwater lakes worldwide in
need of protection at the Conference on World Freshwater Lakes held in
America in 1995 (Dinh, 2003). Many valuable plants and animals that have been
recorded in the Red Book of Vietnam and the Red List of important species
(IUCN) occur there (Hill ez al., 1997; Chan et al., 2003). A Nature Reserve since
1977, Ba Be National Park (BBNP) became Vietnam's eighth National Park in
1992, comprising 7,610 ha of limestone mouhtains, rivers and lakes. The
majority of the protected area is steep and forested. On the steep slopes, soil
tends to be shallow, and non-existent on the steepest slopes. The only flat land
(less than 10% of the Park) lines the rivers and flood plains around the Lake,
providing farmland for the ethnic minority people who settled inside the park in
the 1970s. Weekly markets with local products — many gathered from the forests

- are important features of village lifestyle.

Geology and soil have a great influence on the fauna and flora of the National
Park. There are two main forest types: tropical moist evergreen forests and
tropical evergreen limestone forests. Hill et al., (1997) identified a total of 603
species of vascular plants in 137 families, not counting fungi, algae, mosses and
ferns which largely have yet to be investigated. Preséntly, the known flora
comprises 162 families, 672 genera with about 1,281 species (BBNP, 2005).
Subtropical species dominate, such as palms (foxtail palm, Cayota sp.), ginger
(Zingiberaceae family), and various species of lianas, trees and bamboo (Trai et
al., 2004). The rare "string" bamboo (Admpelocalamus sp/Sinocalamus mucclure
sp.) is only found in BBNP. Some plant species there are identified as Globally
Critical Endangered Species by IUCN. They include Emerson slipper orchids
(Raphiopedilum emersonii) (BBNP, 2005; Do, 2001; Chan et al., 2003), among

others.
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Of the total area of the National Park 3,226ha make up a strictly protected zone,
and 4,083ha the tourist subzone (Cao Van Sung, 1995); the lake surface accounts
for 500ha of the park’s area (MARD, 2001).

The Park falls within the biogeographical subunit 6a (South China) of the
biogeographical classification of the Indo-Malayan realm developed by
MacKinnon and Mackinnon (1986).

b) History and status

Ba Be was recognized as a cultural-historical and environmental reserve, to
protect its landscape and historical relics, in 1977. In 1992, it was established as
a National Park (Cao Van Sung, 1995). A management plan for the National
Park was produced in 1991 (Government of SRV, 1994).

Vietnam’s Tropical Forest Action Plan (MacKinnon, 1990) proposed that the
National Park be extended from its current 7,611ha to around 44,000ha. The
Biodiversity Action Plan for Vietnam (Government of SRV, 1994) has proposed
that the management of the Ba Be National Park and the Na Hang Nature
Reserve, 30km away in Tuyen Quang province, be integrated. This plan has to be
implemented by many projects such as the PARC (Creating Protected Areas for

Resource Conservation using Landscape Ecology) project.

Ba Be National Park staff have been preparing scientific dossiers to be submitted
to UNESCO‘seeking world natural heritage status for the Park. According to the
National Heritage Council (BBNP, 2005), Ba Be National Park is one of the 19
tangible and intangible heritage units that Vietnam will ask UNESCO to
recognise as world heritage. In late 2004, the Park was recognized as an ASEAN
heritage park.
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2.3.2 Detailed description of study area

a) Topography

Ba Be lake is 170m above sea level, and is surrounded by limestone peaks which
slope steeply, reaching 893m asl (Scott, 1989). Further from the lake, there are
higher peaks up to 1,520m asl (SCEMMA, 1992) The lake contains numerous
small islands, with a combined surface area of 1.4ha (Dinh, 2003). The only flat
land occurs beside the River Nang and in some places beside the lake (less than
10% of Park area) and has been converted to agricultural land uses (Kemp et al.,
1994), mainly rice paddies. The topography and geological features of Ba Be

National Park are shown in Figure 2.1

b) Climate

BBNP is located in the sub-climatic zone of North-Eastern Vietnam, which has a
mild tropical climate, dominated by the summer monsoon. Winters are cool and
relatively dry, summers hot and wet. The majority of annual rainfall occurs
between the months of June and September (Kemp ef al, 1994), when the
rainfall increases to 7-12 times the monthly average (SCEMMA, 1992). The
mean annual témperature is 22° C, the average temperature of the hottest period
is 39°C (in July), the lowest temperature is 0.6 °C (in January). The annual mean
humidity is 83%. Total annual rainfall is 1,378 mm/year. The cold season lasts
from October to March and includes 14-17% of total rainfall. The hot season
from April to September has about 85% of total annual rainfall. Climate is

tropical monsoonal.

Mean climatic data collected at the Cho Ra meteorological station (2.2km from
Ba Be Lake), over the period 1961-2007 are shown in Table 2.1.
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Table 2.1: Average annual meteorological statistics for Cho Ra town from 1961-2007 (source:

Department of Statistic of Ba Be district, 2008)

Average air temperature 22°C
Max. air temperature 29°C
Min. air temperature 0.6°C
Average annual rainfall 1378mm
Average humidity 83%

d) Geology and soils

The underlying geology of the National Park area is limestone, which has been
influenced by denudation and karstic processes. An extensive network of caves
has been able to form, most of which are presumably still forming (Sung, 1995).
In the high peak areas, karst basins (depressions surrounded by peaks and ridges)
have also formed. Few of these have formed lakes as water easily seeps through
the fissured limestone rock. Although limestone is dominant in the region a large
proportion of outcrops are dolomite rich, producing weak easily-fractured
structures. There is also some evidence of frost-heat shattering on the very

highest peaks around the lake (over 700m) (Kemp et al., 1994).

The soil derived from the limestone rock is alkaline and clay-rich (Kemp et al,,
1994). The structure of rocks and soils as a substrate for plants will have dictated
the type of flora present at BBNP. Due to the topography of the area, the
substrate is generally very rocky with pockets of soil between outcrops.
Consequently, on steep slopes, soil is shallow and trees have not been able to
grow to any great height. In some very steep areas and on the tops of peaks, there
is little or no soil on the surface. In flatter areas soil has been able to accumulate
and supports a quite different fauna and flora (Kemp et al., 1994; Hung et al,
2003).

e) Hydrology and catchment protection

Ba Be lake is 7.5km long, and 200-800m wide (mean width 500m) (Cao Van
Sung, 1995). At its deepest point, it is 29m deep (Kemp et al., 1994). The lake is
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fed by the Cho Leng River, which enters the lake at its southern end. Two other

small rivers (Nam Ban Tao and Bo Lu River) flow into the lake from the West.

Water drains from the lake into the Nang River to the north-west. During the
rainy season, water flow into the lake can cause lake levels to rise as much as
2.8m (Kemp et al., 1994), but water never flows from the Nang River into the
lake, even at times of heavy rain (SCEMMA, 1992).

The lake plays an important role in the regulation of flooding on the Nang River
as when the Nang is flooded the flow from the lake into the Nang ceases and lake
levels rise (Hill et al., 1997). The lake can retain up to 8.4 million m® in this way

(SCEMMA, 1992).

) Vegetation

A wide variety of plant community types have been recognised within BBNP
and have been well documented (Kemp et al., 1994; Hill ef al., 1997). Nguyen
Nghia Thin (1995) and Le Tran Chan et al., (1999) identified the vegetation
structure of BBNP as native to the North of Vietnam, characterised by 4 basic

factors:

- Characteristic indigenous families: Laurecceae, Fagaceae, Fabacceae etc.
- Characterictic biogeography:
+ Indo-Malaya characteristics with Dipterocarpus costatus Gaertn.f.
+ Wannan — Quizhou (South of Chiﬁa) with Rhododendron ferrugineum
L., Juglans regia L.
+ Burma-India with Tetrameles nudiflora R.Br, Gossampinus rumphii
Schott. & Endl.

- Characteristic rare, endangered or endemic species in BBNP:

Burretiodendron tonkinensis, Garcinia fagraeoides and Markhamia
stipulata in limestone forest, and a group consisting of Teframeles
nudiflora, Gossampinus rumphii and Dracontomelon duperreanum with

large diameter and average height from 20-40m, growing in the valleys.
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- Characteristic endemic: String bamboo (Sinocalamus mucclure) on the

limestone and red algae in the lake.

Le Trong Trai et al., (2004) reported that the terrestrial vegetation of BBNP is
dominated by evergreen tropical forest on limestone. Dominant tree species
include Teonongia tonkinensis (Moraceae), which is an important element of the
low canopy, especially on the disturbed rocky slopes and where intensive felling
has occurred. Burretiodendron hsienmu (Timaliaceae) is a common upper
canopy tree. The lowland forest formations are characterised by a relatively
simple canopy structure, lower canopy height, and the scarcity of climbing
species. The tree species represented in higher altitude forests differ
physiologically from those of lowland tropical rain forest, and plant families
which are uncommon or completely absent at lower altitude form an important

component of the canopy, including Lauraceae, Fagaceae and Podocarpaceae.

According to the report of BBNP (2005) the Park is home to 1,280 plant species
of almost 140 families with many of them being listed in the Red Book of
Vietnam and Red List of IUCN as endangered species. Worthy of note is that 23
flora species found in the Park were present in the 2004 Red List of TUCN.

Tables 2.2-3 summarize the information on the flora of the Park.

There are eight vascular Classes in Vietnam, with five in BBNP (Dien, 2005).
The number of such taxa is not distributed evenly; most are Magnoliophyta
(90%), and then Polypodiophyta (7.7%) and the smallest group is Equisetophyta
(0.078%). The distribution of families in BBNP is different. Some families have
restricted distribution but their frequency of occurrence is high (such as
Polypodiaceae, Lauraceae, Moraceae, Acanthaceae, Asteraceae,
Melastomataceae and Rutaceae). Some species have wide distribution in the
Park, including Burretiodendron tonkinensis, Streblus tonkinensis, Clausena
lansium, Cinnamomum camphora, Erythropalum scandens, Amomum villosum,
Dracontomelum duperreanum, Melientha suavious, Garcinia fragraeoides and

Chuckrasia tabularis.
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Table 2.2: General vegetation information in Ba Be National Park (source: BBNP, 2005).

Taxon Families Genera Species
Lycopodiophyta 2 3 13
Equisetophyta 1 1 1
Polypodiophyta 19 39 99
Pinophyta 7 13 15
Magnoliophyta 153 616 1153

- Dicotyledon 133 466 809
- Monocotyledon 20 150 344
Total 162 672 1281

Table 2.3: The families with the highest number of species in Ba Be National Park (source:
BBNP, 2005)

Order Familes Vietnamese name Total species Percentage
1 Orchidaceae Lan 184 14.4
2 Euphorbiaceae Thau dau 79 6.2
3 Poaceae Co 56 42
4 Asteraceae Cuc 56 43
5 Cyperaceae Coi 36 2.8
6 Fabaceae Dau 34 2.6
7 Rubiaceae Ca phe 31 2.4
8 Moraceae Dau tam 29 2.1
9 Lauraceae Long nao 23 1.8
10 Annonaceae Na 23 1.8

g) Previous related Study of the National Park

Previous studies of the biodiversity of Ba Be National Park have included the
first survey by Vietnamese scientists in 1990 (FIPI, 1990), which formed the
basis for the National Park management plan. A later study by the Society for
Environmental Exploration (Kemp et al., 1994) involved surveys of vegetation,
birds, mammals and butterflies. Many endangered plant and animal species were
recorded in the study by interview with local people, and some species listed

may no longer exist in the Park.
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Hill et al, (1997) studied biodiversity and recorded a total 603 species of
vascular plants in 137 families in Ba Be National Park, including 10 species
listed in the Red Book of Vietnam. Raintree et al.,, (1999) identified the main
threats to biodiversity from households in the buffer zone as follows: illegal
timber and firewood collection for domestic use, illegal harvesting of other non
timber forest products, hunting, continued occupation of agricultural land within
the national park, grazing of cattle within the park and pollution of the lake

water.

Many international projects have beeﬁ conducted in BBNP from 1991 (Dinh,
2003). The PARC project (The Creating Protected Areas for Resource
Conservation Using Landscape Ecology) was one of the largest projects (Dien,
2003). The Netherlands government has supported a project for sustainable
utilisation of non-timber forest products, with technical support from IUCN

(Dinh, 2003).

Tran Cong Khanh et al,, (2003) made an inventory of the useful plants in Khang
Ninh and Nam Mau communes (Ba Be National Park). The authors focussed on
three main target plant species groups including medicinal plants, wild
vegetables, fruit trees and timbers. However, the study only concentrated on
listing the useful plants and identified some important endangered trees by the
PRA (participatory rural appraisal) method in limited areas of the Park. The
research did not study other factors of urgency in the area such as wood plants or
broader conservation. Some authors also have carried out a survey on vegetation
composition, ecological factors, and contribution of useful plants used by
members of the Tay ethnic group. Tran Van On et al., (2003) identified a total of
523 plants classified by the communities as “useful plants”. Of these, 427 plants
were identified, of which 241 species were identified by their scientific names,
141 plants were identified to their genera and 45 plants were identified to their
families; 105 types of plant (19.73 %) were unknown by scientific name. Of the
identified plants, 347 were medicinal (81.26%), 65 were used as vegetables
(15.22%), and 63 were fruit trees (14.75%). Based on two criteria “level of use”

and “availability of resource” a total of 37 species were identified by local
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communities as species of high conservation priority. According to local

requirements, 26 species need to be cultivated in the two communes.

Phan Ke Loc et al., (2003) researched conifers and slipper orchids in this area,
finding that these plants have high diversity and scientific and practical
significance. They also suffer from over-exploitation, meaning there are a lot of
threatened species in these groups. The seven hitherto known species of conifer
are Amentotaxus argotaenia, Dacrydium elatum, Nageia fleuryi, Pinus
kwangtungensis, Podocarpus neriifolius, Pseudotsuga brevifolia and Faxus
chinensis, found on limestone mountains. For the conifer study, Calocedrus
macrolepis should be considered as Endangered, Amentotaxus argotaenia,
Fokienia hodginsii and Taxus chinensis as Vulnerable. The other species are at
lower risk. The authors identified eight species of slipper orchids
(Paphiopedilum) as follows: Paphiopedilum concolor, P. hangianum, P.
henryanum, P. hirsutissimum, P. malipoense (all three varieties), P. micranthum,
P. purpuratum and P. tranlienianum. All of these plants grow only on limestone
substrates. It is expected that P.dianthum and P.emersonii should be found there
as well. The authors judged that most of the slipper orchids from the study areas
are threatened, due mainly to over-exploitation for export. Based on their study,

slipper orchids that should be conserved are as follows:

e Critically Endangered: Paphiopedilum malipoense,

e Endangered: P. emersonii, P. hangianum, P. purpuratum and P.
tranlienianum,

e Vulnerable: P. henryanum, P. micranthum and P. dianthum,

e Lower risk: Only P. concolor and P. hirsutissimum

Some information on the bamboo (Bambusoideae) species of Ba Be National
Park has been provided by Le Mong Chan and Bui Van Nguyen (2003). In this
survey, 16 species of bamboo were found, seven of which were new records for
the Park; the morphological features of these also were analysed. Notably, six
bamboo species were found for the first time in Vietnam: Chimonobambusa

grandifolia, Schizostachyum funghomii, Schizostachyum chinense, Phyllostachys,
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Indosasa sp. and Indosasa sp. The ferns (Polypodiophyta) were investigated in
the strictly protected area and the authors found 59 species belonging to 31
genera and 14 families; among the ferns of the Park two species are endangered,
four are endemic to Vietnam, and two species are endemic to the North of

Vietnam (Huyen and Toan, 2003).

2.4 Endangered Species Identification

2.4.1 The endangered species conservation approach

From 1994, under the auﬁpices of the Species Survival Commission of the [UCN,
the World Conservation Union set out to increase global awareness of
conservation threats to wild plant species, and to promote conservation action as
a goal and objectives (Warren et al., 1997; Harcourt and Parks, 2003 Garnett el
al., 2003). The overall aim is to support and promote efforts leading to rare and
endangered species conservation and rational, sustainable use. The approach is to
provide information, tools, and coordination that builds on the efforts of local,
national, regional and global partners to conserve and use wild plants
sustainably, focusing particularly on actions that reduce threats to endangered

species and habitat.

The program has, among others, the following objectives:

(1) To identify priority rare and endangered species taxa and habitats
threatened by non-sustainable harvest, high levels of trade, environmental
degradation, and other factors contributing to loss of species and genetic
diversity;

(2) To work with local, regional, national, and global partners to design and
implement conservation action plans for priority endangered species and
habitats;

(3) To support and encourage the sharing of information and collaboration
among all stakeholders in finding common solutions to the sustainable use

and conservation of endangered species;
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(4) To provide opportunities for consumers, industry, and other beneficiaries
to understand and participate more directly in conservation and sustainable

use of wild plant species and their habitats.
2.4.2 Identification of endangered and extinct species

The TUCN (2001) has defined criteria to classify species into different threat
levels. There are five sets of criteria or decision rules for determining the
categories Critically Endangered (CR), Endangered (EN) and Vulnerable (VU).
The following overview provides a brief outline of the full set of criteria, with

example threshold values relating to the CR category.

A) Population reduction, as either of the following:

(1) At least 90% over the last ten years or three generations, whichever is the
longer, where the causes of the reduction are clearly reversible,
understood and have ceased.

(2) At least 80% over the last ten years or three generations, whichever is the
longer, where the reduction or its causes might not have ceased, be
understood or be reversible.

(3) At least 80%, projected or suspected, within the next ten years or three
generations, whichever is the longer (up to a maximum of 100 years).

(4) As A2 but where the time period includes both the past and the future.

B) Small distribution area measured as either or both:

(1) Limited extent of occurrence (e.g. <100km?);
(2) Limited area of occupancy (e.g. <10km?); and at least two of the
following: severe fragmentation; continuing decline; extreme

fluctuations.

C) Small population (e.g. <250 mature individuals) and either:

(1) Continuing decline (e.g. at least 25% within three years or one

generation, whichever is the longer, up to a maximum of 100 years); or
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(2) Continuing decline and at least one of the following:
(a) population structure in the form of one of the following: no
subpopulation contains more than 50 mature individuals; or at least
90% of the mature individuals are in one subpopulation;

(b) extreme fluctuations in the number of mature individuals.

D) Extremely small population (e.g. <50 mature individuals).

For category VU, there is a D2 option used when the population has a very
restricted area of occupancy (typically <20km?) or number of locations
(tyi)ically <five) such that it is prone to the effects of human activities or

stochastic events within a very short time period.

E) Quantitative analysis showing a probability of extinction
For example, at least 50% reduction within ten years or three generations.

These criteria are shown schematically in Figure 2.2.

A frequently suggested improvement is to change the IUCN criteria thresholds
when they are used at local levels (Gardenfors, 2001). Two further limitations
that the Red List faces are like those of organismal biology generally, namely the
unstable application of species concepts and lack of knowledge of so many
species (Mace, 2004). The Red List process will also need to make a greater
effort to compile point locality data enabling the identification of priority sites
for conservation, as well as to repeat comprehensive assessments to enable

evaluation of Red List Indices (Rodrigues et al., 2006).

Human societies have for generations interacted with their environments and
over time developed basic knowledge structures (Johnson, 2000; Dovie et al.,
2008). Local people who have been living in the areas have experience with
natural resources status and effectively, long term experimentation with
biodiversity (Dovie et al., 2008). However, this knowledge, which is often
indigenous in nature or in origin, is generally poorly documented (Johnson,
2000; Dovie et al., 2008; Atari et al., 2009); key bioprospecting activities have

often benefited from local knowledge. However, in contrast, indigenous
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Figure 2.2: Structure of the 2001 IUCN Categories. Species in the categories critically
endangered (CR), endangered (EN) and vulnerable (VU) are denoted as threatened. Species
classified as least concern (LC) or not evaluated (NE) will not usually be published in a Red

List. At national or other subglobal levels, an additional category can be included.

knowledge has not been properly examined in terms of its utility to support
priority for biodiversity conservation. This is partly because of a poor
understanding of the importance of the knowledge of the local people (Dovie et
al, 2008). Another factor may be the difficulty of many investigators to
appreciate local cultures, interact effectively with local people and the

significance of local forest utilization practices. There are also language barriers.

2.5 Summary

Research on the conservation and sustainable use of wild plant species and their
habitats has fallen far behind the. demand for the important resources, particularly
in developing countries. Each species has unique ecological, socio-economic,
and cultural associations that must be understood to achieve effective
conservation (Schippmann ef al., 2002), and the relationships between these are

poorly known. In particular, the assessment of the genetic component of
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biodiversity has been little studied in developing countries. Evidence from the
literature indicates that local peoples’ priorities for plant conservation may be
different to the priorities developed by international and national agencies whose
focus is at a much larger scale than that of local people who rely on wild plant

resources for their day-to-day existence.
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Chapter III

Prioritisation of Species for Conservation

3.1 Introduction

Evaluation and reasonable use of plant resources for durable development and for
nature conservation is one important task in Vietnam and worldwide. For that
reason, several specific traits of the flora such as systematic structures, life-form
spectra and geographic distribution must be thoroughly grasped at first (Chan et
al., 1999). Other things must be also known, namely habitat, use-value and

phenologic phenomena.

Previous research identified that BBNP has 603 floral species in 300 genera and
137 families (Hill et al., 1997; Quac et al., 1999). These include 50 species of
medicinal plants, 82 of woody species, 23 species for decoration, 6 species for oil
and 6 valuable and rare épecies, Many biological resources have been critically
reduced, many plant species over-exploited, so that many of them have become
rare and endangered species. Khanh and On (2002) created an inventory of useful
species in Tay villages in two communes in BBNP; the study found that there are
532 useful species for medicinal, vegetable and fruit purposes of which 427
species were classified with scientific names. However, most of the above studies

concentrated on listing the species or were limited in the scope of the research.

The evaluation of conservation status has depended on the identification of
priority for conservation especially species with high risk of extinction. The
International Union for the Conservation of Nature (IUCN) criteria for
classifying threatened species in Red Lists were constructed to be applied
primarily on a global scale. Nonetheless, many nature conservation efforts are
conducted at national levels and there is consequently a demand for Red Lists at
subglobal scales (Gardenfors, 2001; Rodrigues ef al., 2006). In 1992 and 2000, a
working group presented draft guidelines of how to apply the IUCN criteria at
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the Vietnam level (Thanh et al., 2006). Meanwhile, the 1994, 2001 and 2003
TUCN criteria were the subject of re-evaluation, resulting in the somewhat altered
2001 and 2003 TUCN criteria. Experiences of applying the suggested guidelines
for national Red Data Books, particularly in Vietnam, revealed that the system is
applicable to a wide range of taxa and geographical scales, even though there are

issues that remain to be resolved (Gardenfors, 2001; Harcourt and Parks, 2003).

The Vietnam Red Book of Threatened Species is the most comprehensive
resource detailing the national conservation status of plants and animals. The first
edition for fauna species was published in 1992 and for flora species in 1996. Its
criteria were generally based on the categories of TUCN but separated into
different levels of extinction risks. Moreover, the Red Book assessment process
has developed substantially over the past decade, extending the value of the Red
Book for the assignation of threat status. The Red Book, in conjunction with the
comprehensive data compiled to support it, and in spite of several limitations, has
become a useful tool for conservation planning, management, monitoring and
decision making. Since 1992, the natural resource status in general, and
biodiversity in particular in Vietnam have changed dramatically and the Red
Book needs to be progressively updated (Thanh, 2006); the most recent update
was in 2004 and revealed that after about ten years the number of fauna and flora
species endangered at different levels had increased. More importantly,
endangered levels in each natural population have changed from time to time.
Among the flora, the Red Book in 1996 recorded some species as Vulnerable but
now upgraded as Critically Endangered or Endangered in 2004. There were only
24 flora species recorded as Endangered in the 1996 Red Book; that increased to
192 species in 2004 (including 45 species recorded as Critically Endangered) -
most of them belonged to Magnoliophyta and Pinophyta.

The IUCN extinction risk classification is based on quantitative measures such as
population size, range and decline in these (Keith et al, 2000; Mattila et al.,
2008) and the Red Book of Vietnam mainly depends on IUCN categories but
focuses more on specific areas, even getting data as statistical documents (Vui et

al., 2001; Do, 2005). IUCN Red List categories and criteria were designed for
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international assessments. However, many people are interested in applying them
to subsets of global data, especially at regional, national or local levels (JUCN,
2001). Gardenfors et al., (2001) suggested that when applied at national, regional
or local levels it must be recognized that global categories may not be the same
as national, regional and local categories for a particular taxon (for instance, taxa
classified as Least Concern globally might be Critically Endangered within a
particular region where numbers are very small or declining, perhaps only
because they are at the margins of their global range). Conversely, taxa classified
as Vulnerable on the basis of their global ‘declines in numbers or range might be
Least Concern within a particular region where their populations are high or

stable.

The quantitative Red List and Red Book categories based on decision rules that
were adopted by both ITUCN 2003 (IUCN, 2005; Loc et al., 2006) and Vietnam
(2004) criteria represented a significant advance for risk classification of species.
However, some anomalies inherent in the structure of rules or their application
can result in uninformative or poorly based classification for some taxa (Keith et

al., 2000).

The classification of species with respect to their conservation status using the
local peoples’ experiences and criteria is an important process in many countries,
providing a guide for setting conservation priorities (Thanh, 2006). Recent
advances have resulted in several approaches to dealing with participatbry rural
appraisal (PRA) or rural rapid appraisal (RRA) to classify species in this context
(Farrington and Martin, 1988; Dunn, 1993; Simon, 2003; Robinson, 2006).

This study assesses conservation status of the plants, particularly endangered -
species present in BBNP, including species composition and identification of
community types. It considers plant use (especially by the communities living in
the research areas: medicine, vegetable, frliit, wood products and ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>