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EXECUTIVE SUMMARY

As a result of habitat destruction and over-exploitation, the bear population
in Taiwan has decreased both in numbers and in distribution. The Formosan bear
was proclaimed an endangered species under the Cultural and Natural Heritage Act
in 1986. Results from a few preliminary surveys within the past 5 years indicated
that probably over 100 bears still exist. Over 90% of the sightings were recorded
along the central mountain range at over 1000m in elevation, where there is little
human inhabitation. The distribution stretches from Chatien Mountain in the north
to Tawu Mountain in the south (Fig. 1). Some sightings also were recorded in the
eastern coastal mountain range. Aside from this sighting information, the general
biology and other information pertinent to conservation of this species is
completely lacking.

There are many threats against the Formosan black bear. Because of its
high economic value, it has been targeted by aboriginal hunters. Bears also raid
agricultural fields and thus are sometimes considered a pest. Being the largest
carnivore on Taiwan, the bear can create fear among the public. Additionally, the
gall bladder is considered a valuable medicine in traditional oriental culture and bear
paw is considered a delicacy. As a consequence of differing attitudes among
people towards the use of this species, a diverse spectrum of viewpoints exist
regarding approaches necessary for its conservation, leading in turn to varied
policies among governmental agencies.

As a first step in developing a unified approach for protecting this species
from extirpation in Taiwan, the Taipei Municipal Zoo held a Population Habitat
Viability Analysis workshop, during June 14-17, 1994. Dr. Ulysses Seal, chairman
of the IUCN Captive Breeding Specialist Group, Dr. David Garshelis, Bear Specialist
with the Minnesota Department of Natural Resources, and Y. Sherry Sheng,
Director of the Portland Zoo, were asked to participate in the workshop, providing
lectures about small population viability and current status of Asiatic black bears in
the world. The primary function of these specialists was to demonstrate and assist
in the application of a population modeling technique (VORTEX), integrating
available data on Asiatic and American black bears to generate risk analyses for the
Formosan bears. The workshop was facilitated by Dr. Seal and Dr. Ying Wang,
professor of wildlife biology, Taiwan Normal University.

Attendants of the 4-day meeting were composed of scholars, specialists in
bear biology and Chinese medicine, NGO representatives, governmental officials,
aboriginal representatives, and international experts. During the first day, the
current status of the Formosan bear and other related research were presented to
provide the background for subsequent discussion.
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Six working groups were formed after the daytime session to deal with the
following issues:

Law, policies, and international cooperation.
Utilization and management of the Formosan bear.
Conservation and management of wild populations.
Captive breeding and management.

Conservation education.

VORTEX simulation modeling of risk analysis.

ooRWON=

Each working group was led by a specialist coordinator to facilitate
the group discussion. Attendants were free to join any of the groups. After a brief
introduction of the participants of each group, an outline was developed for the
subsequent day’s discussion. During the morning session of the second day, the
VORTEX model was presented in a plenary session; bear data were then
incorporated in the model to make preliminary runs of risk analysis. During the
afternoon session, individual group discussions resumed. After two half-day
discussions, a plenary session was convened in the afternoon of the third day, and
each group presented the results of their discussions related to short and long-term
conservation goals for the Formosan black bear. A synopsis of those results is
presented in the chapters of this report.

In order to effectively incorporate each groups recommendations in an
action plan for the conservation of the Formosan black bear, the plenary session
reorganized results to highlight 5 major themes most pertinent to the threats
impinging on this species, posed as the following questions:

1. What are the greatest risks facing this population? Although few data
specific to this population are presently available, VORTEX analyses were used to
assess the risks of poaching and consequent population fragmentation on
population viability.

2. How can we most effectively control poaching?

3. How can further habitat deterioration be prevented; moreover, how can
habitat be increased to ensure a viable population size?

4. How can various viewpoints and values, stemming from different cultural
traditions and ethnic groups, be integrated to reach a consensus about utilization of
Formosan black bears?

5. How can we improve our degree of knowledge regarding the population
status, and what are the best ways of dealing with the apparent population crisis?
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During the plenary discussion, participants provided comments related to these
points from the point of view of their group discussion. These responses were
synthesized by each group coordinator and are summarized as follows:

1. Assessing Risks:

The VORTEX analysis combined available data for the Formosan bear,
captive bears in mainland China, and wild American black bears. The model
predicted that under reasonably good protection (poaching rate <5%), the
population would increase, and could possibly reach carrying capacity (assumed to
be about 2,000 bears) in about 80-100 years, depending on the present population
size (estimated at 100-400 bears). [f the poaching rate is 7.5% the population
would remain stable or could slightly increase. If the poaching rate is 10%, the
model indicates that the population will decrease to a critical number which is
highly subject to extinction sometime over the next 100 years, regardless of the
present population size (the population size after 100 years would be reduced to
<50). If the poaching rate is 15%, the population would be extirpated within
50-80 years. If we consider protected areas as having lower levels of poaching
(i.e., 5%) than elsewhere, the population in the protected areas could increase (to
some carrying capacity) while populations outside these protected areas would
continue to decrease and eventually become extirpated (in the sense that there
would be no reproductive females); in the long run, the total island-wide population
would become so fragmented that it would likely not be viable. These model runs
were only preliminary assessments, based mainly upon data extracted from other
sources. To accurately assess and effectively protect this particular population, a
field study investigating the effects of poaching would be of paramount
importance. Additionally, in the course of such a study, valuable information
would be obtained on other aspects of the distribution and biology of this
little-known bear, which could be used to refine the inputs of this model.

2. Controlling Poaching:

To reduce the level of poaching, the government must be urged to
modify laws and enforcement strategies. For example, the government should
consider developing a force of forest rangers and conservation police. In the
meantime, a system should be established whereby local people are rewarded for
reporting bears incidentally captured in traps set for other species, and police could
be rewarded for assisting in the release of incidentally captured bears and for
apprehending poachers. Rewards also should be established for achievements by
local people in the conservation of black bears. For successful conservation in the
long-term, we should invite local people to develop and participate in resource
management plans. There also must be greater control of the commercial use of
bear parts. At the present time, all types of consumptive use of bears must be
stopped, excepting traditional medicinal use. If necessary, it is suggested that the
legal importation of gall bladders from North American bears might fulfill the need
of local markets. In the meantime, people should be educated to use substitute
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products and more research should be directed at finding effective substitutes for
bear gall in traditional Chinese medicine.

3. Protecting Habitat:

Under existing law, the government needs to strictly enforce restrictions
against the overuse of the land above 1000m, because this area contains the only
remaining range of the black bear. Further development should be prohibited on
lands over 2500m, due to its additional value in soil and water conservation. If
necessary, development could be prohibited or mollified in specific cases through
the process of environmental impact assessment. Buffer zones and corridors
should be established around and between parks in the high mountain region to
avoid habitat fragmentation and ensuing risks associated with small population
size. Where lands pertinent to bear survival are owned by a variety of agencies, a
commission should be formed by all representatives, organized by the primary
conservation agency in charge. This commissions’s responsibility would be to
ensure that the various landowners act in a consistent way to protect land from
development, establish new protected zones or corridors, or set up research
stations.

4. Developing a Consensus about the Value of Bears:

Various groups responsible for public education, including national
parks, zoos, schools, and NGOs should stress the relationship between the bear
and its environment, and the bear’s position as a flagship species for conserving
entire ecosystems. The public also should be educated to reduce unnecessary fear
of the bear. The community involved in traditional Chinese medicine should be
educated regarding the risks that their use of bear parts impose on the viability of
the bear population. This community should also be given a broader concept of the
use of traditional medicinal practices and the potential for substitutes for bear
products. Nonconsumptive use of bears also should be promoted in the framework
of ecotourism, but concurrently, tourists and others should be encouraged to avoid
activities that might adversely affect the environment of bears.

5. Implementing Strategies:

A working group on Formosan bears should be formed to monitor the
progress of the recovery of this population. This group should meet regularly to
review the problems facing this population and revise, if necessary, strategies to
most effectively provide solutions. An action plan for recovery should be
established by this group using an integrated database from wild and captive
studies. Monies should be obtained from both public funds and private enterprise
for the establishment of a Formosan black bear foundation which could support
long-term research, conservation efforts, and educational campaigns aimed at
fostering a healthy view towards conservation of Formosan black bears.
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THE STATUS AND DISTRIBUTION OF THE BLACK BEAR ON TAIWAN

Ying Wang, Institute of Biological Science, National Taiwan Normal University,
Taipei, 117, Taiwan

The Formosan black bear, an endemic subspecies of Taiwan, was,
according to early records, distributed both in low and high elevations. However,
due to habitat destruction in recent years, its distribution, gleaned from sightings,
has decreased (McCullough 1974, Lin 1985, Wang et al. 1989, Wang and Wang
1990, Wang and Chen 1991). These sightings indicate that the bear’s distribution
is presently limited to 200-3600m elevations; nearly 90% of the sighting records
were at elevations >1000m. This species is a traditional target of aboriginal
hunters (McCullough 1974, Yen 1979), and the commercial marketing of game
meat and the medicinal use of parts from this species increases hunting pressure
(Wang 1986, 1988; Wang and Lin 1987; Wang et al, 1989) In 1989, after the
passage of the wildlife conservation law, bear meat and parts could not legally be
sold, but an illegal market persists.

During recent surveys (July 1993-June 1994), bear sign could still be
found along both sides of the central mountain range from north to south. About
40% of these sightings were found within the boundaries of national parks or other
protected areas. Combining sighting reports from field surveys during the past 5
years with information obtained by the Forest Bureau during the past 3 years, we
found that bears were distributed along the Central Mountain Range from the
Hapan area (north of Chatien Mountain) south to Tawu Mountain (Fig. 1).
Additional sightings also were recorded in the Snow Mountain area and the Coastal
Mountain Range. Several concentrated sites of bear activities could be identified,
especially areas in and in the vicinity of 3 national parks and 2 reserves, which
included (from north to south): Chatienshan Reserve (La La Mountain), Shei-Pa
National Park, Taroko National Park, Yushan National Park, and Tawushan Reserve,
as well as the area between Taroko and Yushan. Connecting this broad area
where bears or bear sign have been sighted, and considering this the principal
remaining bear habitat on the island, bear habitat totals roughly 1 million hectares.
Of this, about 330,000 ha are within protected areas. The fact that most sightings
occur within or in the vicinity of national parks or reserves indicates that protected
areas play a key role in maintaining the present bear population.
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GLOBAL STATUS OF THE ASIATIC BLACK BEAR

David L. Garshelis, Minnesota Department of Natural Resources, 1201 E. Hwy. 2, Grand Rapids, MN, 55744

USA

Asiatic black bears (Ursus thibetanus) share a
common ancestor with the American black bear
(Ursus americanus). That ancestor, thought to be
the so-called Etruscan bear (Ursus etruscus),
apparently lived throughout Europe and as far east as
China. The modern distribution of the Asiatic black
bear includes only Asia, with the western-most limit
in Afghanistan, but there is some evidence that the
original distribution extended as far west as Germany
(Kurten 1976).

The present distribution of the species is broadly
disjunct, with a large gap in central China that
separates the span across southern and southeast
Asia from the range in northern China, Korea,
Russia, and Japan (Fig. 1). Certainly this range was
at one time continuous (and some old range maps
show it to be, although possibly in error [Lekagul and
McNeely 1977]). In reality, the present distribution is
far more fragmented than can be shown on a global
range map, as the species has been relegated mainly
to protected areas that not only preserve forests but
limit hunting and poaching.

The status of the Asiatic black bear is strikingly
different than that of the American black bear. The
range of the American black bear, which includes
Canada, the U.S. and Mexico, is also highly
fragmented in some areas (e.g., southeastern U.S.),
but there are also broad expanses of continuous
habitat supporting large populations. Continent-
wide, American black bears probably number
>600,000 (TRAFFIC USA, unpubl. rep., 1994; D.
Garshelis, unpubl. data); although no substantiated
estimates exist for the total population of the Asiatic
species, it is likely about an order of magnitude less.
Also, whereas the North American black bear is
classified as a game animal in most parts of its range,
supporting a sustained annual harvest of >40,000
(Servheen 1990; TRAFFIC USA, unpubl. rep., 1994;
D. Garshelis, unpubl. data), legal hunting of the
Asiatic black bear persists in only a few countries,
and the total worldwide harvest is rather insignificant.
Despite high annual harvests of American black
bears, populations in most areas are reportedly stable
or increasing (Garshelis 1991; TRAFFIC USA,
unpubl. rep., 1994); conversely, most populations of

Asiatic black bears appear to be decreasing, and in
many areas are facing threats of extirpation.

Because the American black bear is an important
game species, much work has been done to monitor
population sizes, trends, reproductive rates, and rates
and sources of mortality. In contrast, demographic
information for the Asiatic black bear is virtually
nonexistent. This report reviews available
information related to the status of this species
throughout its range, and discusses protective
measures as well as continuing threats to population
viability in the countries that it currently inhabits.
This paper is not meant to be an exhaustive treatise
on this subject, but rather a general overview. Much
of the information presented here is incomplete,
indicating either an absence of data, or data that were
not available to me. Unfortunately, much of what is
known is likely contained in country-specific reports,
rather than in widely-distributed publications. Thus,
although not an excuse for possible misinformation
contained herein, these limitations clearly restrict the
depth of this report.

DISTRIBUTION AND STATUS

Black bears may have once occupied Iran, but it
seems doubtful that they still exist there. Similarly,
they may have been recently extirpated from
Afghanistan, although during the Russian occupation
in the early 1980s bears were still occasionally sighted
(and captured) near the eastern border with Pakistan
(J. Fournot, pers. commun., 1994); it is unclear,
however, whether these were black bears or brown
bears (Ursus arctos), which historically occupied the
same general area.

Black bears once ranged from Afghanistan across
a broad, continuous region of Pakistan, but as much
as 20 years ago their distribution had been reduced to
small, disjunct populations (Roberts 1977)(Fig. 2). In
some parts of Pakistan, game species, like bears, were
protected in private hunting reserves, but when these
reserves were eliminated, bear populations declined
rapidly due to increased poaching (Cowan 1972).
One population in the subtropical pine forests of the
Murree Hills in Punjab Province (central Pakistan)



Fig. 1. Generalized range map of the Asiatic black bear (adapted from Servheen 1990).

was extirpated in the 1970s, coincident with
dramatically increasing human populations (Table 1).
A survey of present residents of the area indicated
widespread disinterest in the bear’s reintroduction
(Chaudhry 1994). The isolated population of black
bears in southern Pakistan, a small-sized bear that is
designated as a separate subspecies ( U. t.
gedrosianus), inhabits the arid, mainly treeless

region of Baluchistan; now it is also on the verge of -
being (or has already been) extirpated. The largest
population of black bears in Pakistan, estimated at
230-350, remains in the moist temperate forests of the
Northwestern Frontier Province (Chaudhry 1994).
Brown bears also live in this region, although
generally are found at higher elevations than the
black bear (Roberts 1977).
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Fig. 2. Distribution of Asiatic black bears and brown
bears in Pakistan in the late 1970s (from Roberts
1977).

Table 1. Fate of black bears in the Murree Hills,
Pakistan (data from Chaudhry 1994).

Estimated Hectares
Year bear Human of forest
population population remaining
1901 220 5,000 88,000
1951 75 90,000 46,000
1970s 0
1992 0 290,000 30,000

Both black bears and brown bears range from
Pakistan into northern India, and although there is
some ecological separation, several parks and
reserves in India contain both species. The presence
of black bears has been noted in at least 38 protected
areas in India, principally within the band of states
that border China/Tibet (Fig. 3). Black bears also
exist in some forested areas outside these parks and
reserves, as well as into Nepal and Bhutan; however,
their distribution outside protected areas is basically
undocumented. Based on the distribution of
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Fig. 3. Protected areas in India occupied by Asiatic
black bears, based on confirmed reports indicated in
the Wildlife Institute of India’s national wildlife
database as well as less-substantiated listings of
species presence documented in Saharia (1982).

remaining forested areas, these populations must be
quite fragmented.

Sloth bears (Melursus ursinus) also live in
India, Nepal, and Bhutan; however, this species,
which eats mainly ants and termites and lives
primarily in lowland habitats, has very little ecological
or geographical overlap with the black bear. In
Nepal, black bears occupy the central middle hills,
whereas sloth bears inhabit a separate, more
southern range of lower hills and the adjacent low flat
area (known as the terai) bordering India (D.
Garshelis, A, Joshi, and J. D. L. Smith, unpubl. data).
Another unidentified species or variety of bear has
been reported by local villagers to live sympatrically
with black bears at high elevations (up to 3500m) in
the northern part of Nepal, but the presence of some
other type of bear has never been documented
through scientific investigation.

Black bears were known to once stretch
southward through Assam, India, and into northern
and eastern Bangladesh (Prater 1971, Roberts 1977,
Khan 1984). Sloth bears and sun bears (Helarctos
malayanus) also apparently occupied Bangladesh. All
of these species are presently rare in this country
(Khan 1984, Servheen 1990), and have been for a
number of years (Cowan 1972); it is possible that

. some have been completely extirpated.

Black bears have not been extirpated from any
entire country of southeast Asia. They remain in
forested tracts of Myanmar (Burma), Thailand, Laos,
Kampuchea (Cambodia), and Vietnam. In these
countries there is extensive overlap between the black
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Fig. 4. Distribution of black bears (striped area),
brown bears (stippled), sun bears (dark dots)(all
from Ma 1983) and pandas (dark blotches)(from
Schaller et al. 1989) in China.

bear and sun bear (Servheen 1990). The status of
black bears in southeast Asia has not been
documented, although none of these countries
reports them as rare, and Laos, for one, indicates that
they are still quite widespread (letter reference in
Mills and Servheen 1991).

The total population of black bears in China has
been estimated at about 20,000 (Gui 1991), although
other sources indicate this same population for
Sichuan Province alone (Peoples Republic of China
1994). Historically, black bears ranged across much
of central China, where they are now absent (Cao
1991, Sun and Li 1991). Presently they occupy two
broad geographic regions in China, which overlap the
ranges of the brown bear, sun bear, and panda
(Ailuropoda melanoleuca)(Ma 1983)(Fig. 4).
However, both sun bears and pandas have very
restricted ranges. Sun bears, which although rare,
may still exist in southern China (Ma 1991, 1992; Xu
1991). Pandas survive in 6 isolated populations,
remnants of a range that was once much more
expansive (see maps in Schaller 1993:62-63), and
which greatly overlapped that of the black bear;
pandas and black bears, however, are ecologically
quite distinct (Schaller et al. 1989).

Black bears still occupy the islands of Hainan
(China) and Formosa (Taiwan). Ma (1983) and Xu
(1991) indicate that these populations are the same
subspecies (U. t. formosanus), although the two
islands are a considerable distance apart. Both of

Hokkaido —
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Fig. 5. Distribution of black bears (solid shading) in
Japan (from Hazumi 1994, pers. commun.).

these populations are small, totaling an estimated 30-
40 individuals on Hainan (Xu 1991) and about 100-
400 on Formosa (Y. Wang, pers. commun., 1994).
Sighting records on Formosa indicate that bears -are
restricted to rugged terrain mainly in the Central
Mountains at elevations above 1000m, both within
and outside a series of five protected areas (Wang
1990, 1994). No other species of bears live on either
of these islands.

Similarly, only black bears inhabit the Japanese
islands of Honshu, Shikoku, and Kyushu (subspecies
U. t. japonicus), whereas only brown bears live on
Hokkaido. Fossil evidence indicates that brown bears
once occupied the other major Japanese islands, but
may have been displaced by black bears, which
arrived via the Korean land bridge (Kawamura 1982;
T. Mano, pers. commun.). The Japanese
Environmental Agency estimates a current total
population of 10,000-15,000 black bears in Japan (T.
Hazumi, pers. commun., 1994). Although seemingly
abundant, black bears on Honshu occur in a series of
distinctly separated populations (Watanabe 1980,
Shibata 1985, Wada et al. 1991, Hazumi 1994)(Fig. 5).
Bear numbers on Shikoku are now very small,
possibly <100 (letter cited in Servheen 1990), and



bears may have been virtually extirpated from Kyushu
by the late 1940s or early 1950s (Hanai 1985,
Yokohata et al. 1990). Over a 30-year period, only 4
sightings were reported on Kyushu, all in a high-
elevational narrow belt (Eguchi, cited in Azuma and
Torii 1980). One bear was shot on Kyushu in 1987,
but the possibility exists that it was an escaped captive
animal rather than a representative of a remaining
wild population (Yokohata et al. 1990).

The black bear is the only native bear of South
Korea, whereas both black bears and brown bears
inhabit North Korea. The South Korean and North
Korean black bear populations are no longer
contiguous. An estimated 50-80 individuals survived
in South Korea in the early 1980s, divided among 5
separate populations (Milliken 1985, Lim et al. 1991,
Han 1991); the present wild population may be as low
as 10-20 (Mills and Servheen 1991). The status of
bears in North Korea is unknown.

Black bears extend from North Korea and
northeastern China into eastern Siberia (Fig. 1),
where they are still reportedly common. The current
Russian population is estimated at about 4,000
(Pikunov 1991). Both black bears and brown bears
are sympatric in this part of Russia (H. and K.
Quigley, pers. commun., 1994).

INTERNATIONAL PROTECTION

Black bears are listed in Appendix I of the
CITES agreement, which prohibits international
trade except under special circumstances (i.e.:
specimens were obtained legally, removal of the
specimen was deemed non-detrimental to the survival
of the species, and the trade was not for primarily
commercial purposes). All trade among CITES
parties (and from non-parties to parties of CITES)
requires both export and import permits from
specified management authorities. Among the 17
countries that are presently inhabited by Asiatic black
bears, 11 are CITES members (Table 2).

CITES restrictions are a principal means of
controlling international trade in bear parts,
especially gall bladders and paws, the former being an
entrenched component of traditional Chinese
medicine for some 3,000 years, and the latter an
expensive delicacy. Unfortunately, several of the
countries involved in the trade of these parts are not
CITES members (Myanmar, Laos, North Korea,
Taiwan) or have exclusions that allow continued trade

Table 2. Status and protection of Asiatic black bears.
Countries are listed from west to east, in order
discussed in text. Population sizes are crude

- estimates (references in text).

Black bear CITES
Country population party
Afghanistan unknown Y
Pakistan 350 Y
India present Y
Nepal present Y
Bhutan present N
Bangladesh rare Y
Myanmar present N
Thailand present Y
Laos common N
Kampuchea present N
Vietnam present Y
Taiwan 100-400 N
China 20,000 Y
Japan 10,000 Y
S. Korea 10-20 Y
N. Korea unknown N
Russia 4,000 Y

(Japan, Thailand). South Korea and Vietnam are
recent signatories of CITES (1993 and 1994), the
former having been a major player in the trade in
bear parts; it is as yet unclear how South Korea’s new
membership in CITES will affect this trade.

Since 1982 South Korea has considered black
bears a National Monument, thereby forbidding all
killing or trade of their native bears; however, they
have allowed bear products to be imported (Mills and
Servheen 1991). Similarly, although Taiwan has not
been permitted to join CITES, they listed black bears
as an endangered species and prohibited any take of
native bears. They have also been pressured to adopt
CITES regulations, but continued availability of gall
bladders in traditional Chinese medicine shops in
Taiwan indicates persistent poaching and/or
importation. Taiwan’s continued illegal trade in tiger
bone and rhino horn prompted the U.S. to impose a
1994 embargo against the import of legally obtained
wildlife products from that country.



TRADE IN BEAR PARTS

The demand for bear parts is great, as they are
used for medicine and/or food in many Asian
countries (Table 3). Much of the trade in bear parts
is covert, and illegal exportation has been
documented for nearly every country with an
indigenous population of black bears, often involving
other intermediary countries, like Hong Kong and
Singapore, as well (Mills and Servheen 1991). A
confounding factor in this trade is that although
Asiatic black bears are apparently the most sought-
after species, as its gall bladder is believed to have the
greatest medicinal effects (Hsien-cheh Chang, China
Medical College, Taiwan, pers. commun., 1994), parts
from sun bears, sloth bears, brown bears, and
American black bears also have been involved in the
trade, and these are indistinguishable from gall
bladders of Asiatic black bears. With the recent
(1992) addition of American black bears to Appendix
II, however, trade in all species of bears is now
regulated by CITES. There has been a lag, though,
among individual countries adopting the Appendix II
listing of American black bears, so some gall
bladders, possibly from Asiatic black bears, are still
sold without restriction as American black bear galls.

Apparently, some or many gall bladder products
in Asian markets today are either not from bears or
are from farmed bears. Recent investigations
indicated that 65-80% of the gall bladder samples
sold on the streets of Hong Kong and Taiwan are
from animals other than bears, and moreover, most
of the real bear material appears, based on color and
chemical composition, to have been from captive
animals (Lau et al. 1994; H. Chang, pers. commun.,
1994).

China, South Korea, North Korea, and Vietnam
(Saigon z00) raise bears in captivity with the explicit
purpose of draining ("milking") bile from catheters
surgically inserted in the gall bladder. There are at
least 8,000 bile-producing bears on farms in China
(Peoples Republic of China 1994), of which 5,000-
7,000 are black bears (Gao 1991, 1992); the
government has indicated an eventual target of 40,000
bears on farms (Mills and Servheen 1991). It has
been argued that each such bear in captivity provides
an annual production of bile equivalent to (i.e.,
potentially "saves") 45-50 wild bears (Gui 1991); from
1986, when bile draining was initiated, to 1993, over
89,000 bear-equivalents of farmed bile have been

Table 3. Human uses of Asiatic black bears.
Countries are listed in same order as in Table 2;
countries with no available data are omitted (data
taken mainly from Mills and Servheen [1991]; other
references in text).

Pets/

farms or
Country Medicine Food displays
Pakistan N N Y
India Y N Y
Nepal Y N N
Bhutan N N N
Bangladesh N N N
Myanmar Y N N
Thailand Y N Y
Laos Y N Y
Taiwan Y Y Y
China Y Y Y
Japan Y Y Y
S. Korea Y Y Y
N. Korea Y Y Y
Russia N N N

produced (Peoples Republic of China 1994). The
Chinese have petitioned CITES for a resolution to
permit the commercial export of this bile.

CAPTIVE HOLDING

The Japanese do not as yet pursue bile milking
like the Chinese and Koreans, but they do have large,
captive populations of bears, totaling over 1,000
animals (both black and brown bears) which are held
in so-called bear parks, ostensibly developed
exclusively for tourism. However, bears that die in
these parks, often from seemingly inadequate care,
also become part of the gall bladder market (Mills
and Servheen 1991).

The Japanese bear parks and Chinese and
Korean bear farms all practice captive propagation,
although some bear parks are apparently still stocked
with wild cubs, mainly those orphaned during Japan’s
legal hunt (discussed below)(Mills and Servheen
1991). Black bear (and especially sun bear) cubs are



also routinely taken from the wild in countries like
Thailand, Laos, and Taiwan to supply a pet industry
that deals largely in wild animals (Mills and Servheen
1991)(Table 2). This industry poses threats to wild
populations not only as a consequence of direct
removal of animals from the wild, but also because of
the potential release back to the wild of these captive
held animals, which are often unhealthy and may
spread disease.

Pakistan hosts one of the most deplorable captive
bear industries. As many as 100 black bear and
brown bear cubs have been removed annually from
the remaining wild population in the northern corner
of the country (Fig. 2) to supply a 200-year old
spectacle referred to as bear baiting (Chaudhry and
Farooq 1993). These bears are kept in captivity on a
rope leash attached to a ring pierced through their
nose, and their canines and claws are often removed.
They are trained to fight bull terriers or other
aggressive crossbreeds of dogs; generally two dogs
are pitted against one bear in a 3-minute duel in
which the dogs are declared the winners if they are
able to pin the bear’s nose to the ground. Although
Pakistan has long banned both the capture of bears as
well as this specific activity, special permits to
maintain these fights have been regularly issued.
Various groups advocating conservation of wildlife
and the prevention of cruelty to animals have,
however, recently persuaded the government of
Pakistan to direct its provincial governments to
amend and enforce their laws to prohibit this
practice; it is suspected that this activity will likely
continue underground, however. Additionally, it is
unclear how the government will deal with the 1,800
or more bears currently held in captivity (Chaudhry
and Farooq 1993).

HUNTING AND PEST CONTROL

Hunting Asiatic black bears remains legal in a
few countries, but in most, harvests tend to be very
limited. Russia harvests bears, and since the collapse
of the Russian economy, Russian hunting agencies
have looked toward attracting foreign hunters,
especially from the U.S. and Canada. These hunters
pay high prices to partake in what has been described
as brown bear "slaughters" on Kamchatka (Bear
News, Spring/Summer 1994). No black bears live in
this area, and the existing black bear range is much
more remote, but if the Kamchatka brown bear

Table 4. Number of Asiatic black bears killed by
hunters and in nuisance control operations in Japan
during 1986-1990. Data were not available for 1991-
1993. (Data from Japanese Environmental Agency,
obtained by T. Hazumi, 1994).

Hunter Nuisance
Year kill kill
1986 953 1,625
1987 1,140 828
1988 972 1,148
1989 761 1,266
1990 869 658
mean 940 1,105

population is overexploited, Russians could start
luring hunters toward the coastal brown bear
population across the Sea of Okhotsk, where they
would have the chance to harvest black bears as well.
Japan is presently the only country that still treats
black bears as a major game species. During 1986-
1990, the average annual hunter kill in Japan
exceeded 900 black bears (Table 4). There is no
limitation on the number of hunters or the number of
bears that each hunter can kill, but a declining
interest toward hunting and voluntary limitations set
by hunting groups (who were threatened by
mandatory restrictions from the government) may
reduce future harvests (T. Hazumi, pers. commun.).
Pest control results in the taking of even more
Japanese black bears than hunting (Table 4). Most
pest control on Japan involves bears that strip the
bark from commercially valuable trees. Many of the
natural forests of Japan have been replaced by man-
made commercial forests, which apparently provide
less natural food, prompting bears to strip bark and
eat the cambium (Azuma and Torii 1980,
Furubayashi et al. 1980). Such bark stripping by
American black bears in the western U.S. has
likewise been linked to human manipulation of the
forest (Giusti 1988, 1990). Significant tree damage by
bears in the U.S. dates to the early 1950s (Glover
1955), and was the impetus for one of the first
intensive studies of American black bears (Poelker



and Hartwell 1973). Over a period of several
decades, various schemes to reduce bear numbers
have been implemented in an effort to control tree
damage in the U.S. (Poelker and Parsons 1977), but
with limited success; in Japan, excessive harvest and
pest control have, on occasion, directly led to local
extirpations and increased fragmentation of bear
populations (Azuma and Torii 1980). In the U.S,,
there is evidence that tree damage can be reduced by
providing artificial food for bears (Flowers 1987).

Like its American counterpart, the Asiatic black
bear is also attracted to corn and other agricultural
crops, and in many countries, including especially
China, Japan, Myanmar, Pakistan, India, Nepal and
Bhutan, a significant but unknown number of crop
depredating black bears are killed each year. Local
governments in China have even attempted to cull
bears to protect crops (Peoples Republic of China
1994). In the U.S., there have been extensive efforts
to trap and move bears out of cornfields, and some
jurisdictions compensate farmers for damage, but
these measures do not really remedy the problem,
and moreover, are exceedingly expensive (e.g.,
Vaughan et al. 1989, Stowell and Willging 1992). In
most Asian countries, translocation of nuisance bears
from cornfields and compensation to farmers for the
damage caused by bears would be neither affordable
nor logistically feasible.

CONCLUSIONS

Asiatic black bears are threatened on many
fronts: across much of their range they are poached
for gall bladders and paws; they are removed from
the wild for sale to the pet industry, bear-baiting
exhibitions, parks or farms; and they are excessively
hunted in at least one country and indiscriminately
killed as pests in several others. These threats are
compounded by a steadily shrinking and splintering
habitat. Habitat fragmentation directly reduces
population viability by exacerbating the effects of rare
but devastating events (e.g., complete food failures,
storms, fires, diseases, etc.) and increasing the risks of
human contact. It is no wonder that this species has
lost much of its former range, and many of the small
remaining populations are so isolated that they face
seemingly certain extirpation. Even populations in
national parks and sanctuaries are apparently not safe
from poachers, who are spurred by the lucrative
rewards of the gall bladder trade.

It is not within the scope of this paper to attempt
to judge the relative merits of better enforcement,
greater habitat acquisition, or the provision of
alternate sources of bile as conservation strategies for
this species; clearly, all would be highly beneficial. It
is also beyond my intentions to weigh possible options
for alternate supplies of bile, those being, in
particular: synthetic compounds, milked bile from
farmed bears, and gall bladders from harvested black
bears in North America. Arguments could be posed
for and against each of these sources on grounds of
medicinal potency, ethics, logistics, and ultimate
effects on the market. There is, however, no
appropriate forum to judge these arguments and,
moreover, not enough available data to enable any
sort of objective decision-making process. In fact,
aside from a few studies of basic ecology (e.g.,
Schaller 1970; Nozaki et al. 1983; Maita 1985; Nozaki
and Mizuno 1985; Hazumi and Maruyama 1986, 1987,
Schaller et al. 1989; Reid et al. 1991), information on
this species is woefully lacking. Assessments of
population size, including those presented in this

..paper, are crude estimates at best, and in most places

little or nothing is known of reproductive rates, or
rates and sources of mortality. What is clear,
however, despite this tremendous lack of information,
is that this species, like its range-mates the sun bear
and sloth bear, is at a point in its history where some
sort of intervention will be necessary to maintain
long-term viability.
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ASIATIC BLACK BEAR

Ursus thibetanus formosanus

POPULATION AND HABITAT VIABILITY ASSESSMENT WORKSHOP

Section 3

Population Biology and Modelling
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POPULATION BIOLOGY AND MODELLING

The Formosan black bear occupies nearly 1 million hectares of rugged, forested
habitat, comprising about a third of the total area of Taiwan. Within the remaining
habitat, about a third, or 330,000 ha are in protected areas, including 3 National
Parks and 2 Wildlife Preserves. The distribution of bears across the range has been
gleaned from sighting reports, which indicate higher bear densities within the
protected areas. Although this makes intuitive sense, in that poaching pressures
are almost certainly higher outside the protected areas, sighting records are biased
by the distribution of human observers, which tend to be centered in the national
parks. Thus, the relative densities of bears across the island are unknown, no less
the actual number of animals. However, wildlife biologists estimate that there are
likely less than 500 bears, but at least 100, remaining on the island, and probably
half of these are within protected areas. These numbers are admittedly a rather
crude guess, but provide at least a starting point for examining the future outlook
of Formosan bears under existing or proposed management strategies.

The need for and effects of intensive management strategies can be modelled to
suggest which practices may be the most effective in preserving this population.
VORTEX, a simulation modeling package written by Robert Lacy and Kim Hughes
was used as a tool to study the interaction of multiple variables treated
stochastically.

The VORTEX program is a Monte Carlo simulation of the effects of deterministic
forces as well as demographic, environmental, and genetic stochastic events on
wildlife populations. VORTEX models population dynamics as discrete, sequential
events (e.g., births, deaths, catastrophes, etc.) that occur according to defined
probabilities. The probabilities of events are modeled as constants or as random
variables that follow specified distributions. VORTEX simulates a population by
stepping through the series of events that describe the typical life cycle of sexually
reproducing, diploid organisms.

VORTEX is not intended to give absolute answers, since it is projecting
stochastically the interactions of the many parameters which enter into the model
and because of the random processes involved in nature. Interpretation of the
output depends upon our knowledge of the biology of the bear, the conditions
affecting the population, and possible changes in the future.

The output of the model is limited by the input. Since virtually no biological
information was available for the wild population of black bears in Taiwan, we
employed information from wild populations of American black bears (Ursus
americanus) as well as information on captive Asiatic black bears. Ecologically,
American and Asiatic black bears are very similar, as indicated by food habits,
movements, activity patterns, denning behavior, etc. of black bears in various
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populations in North America compared to the few studies of Asiatic black bears in
Japan, mainland China, and Russia. However, ecological similarities do not
necessarily result in demographic similarities. For example, it has been well
documented that black bears in western North America have generally lower
reproductive rates than those on the eastern half of the continent, with no
detectable underlying ecological differences between east and west, and in fact no
real differences in the sizes of bears in these two broad areas.

It appears, from both wild and captive animals, that Asiatic black bears are
reproductively more similar to western North American black bears than those in
eastern North America. Thus, for the purposes of modelling the Formosan black
bear population, we drew upon data related to American black bears from studies
conducted mainly in western North America.

Input Parameters for Simulations:

Age of First Reproduction: VORTEX defines breeding as the time when young are
born, not the age of sexual maturity. Thus, although bears mate during the
summer, at say 4.5 years of age, they give birth during the winter, which in this
case would be input as age 5. VORTEX also uses the mean/median age of
reproduction (with an estimate of variation, as discussed below) rather than the
earliest age of cub production. Thus, although some female black bears may give
birth at 4 years old, the average age of first cub production among 10 populations
of western North American black bears was 5 years, so we used this value in the
model. Similarly, whereas males are capable of breeding at 3 years old (siring cubs
which would be born when the father is 4), social constraints may limit breeding to
older animals. The degree of social constraint, however, varies with density and
age structure, which are unknowns for the Formosan black bear. For this model,
we chose 6 years old as the age of males fathering cubs. Since the mating system
in bears is polygynous, populations would have to become extremely small for this
choice of male reproductive age to have a significant demographic effect.

Cub Production: VORTEX combines number of cubs per litter, litter interval, and
the proportion of adult-age females producing their first cubs into a single variable
called litter size. Chinese data on captive black bears indicate that about 80%
have litters of 2, and 20% litters of 1, with litters of 3 being very rare. The
shortest interval between successfully reared litters is 2 years, although the
average is likely somewhat longer. We used the average reproductive interval
among western American black bear populations of 2.4 years to estimate the
proportion of adult bears without cubs each year (1-[1/2.4] = 58%, rounded to
60%). This value was input in the model as the frequency of litters of O, leaving
40% of females producing cubs (8% litters of 1, 32% litters of 2).
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Variation in reproduction is modelled in VORTEX by entering a standard deviation
(SD) for the percent females producing litters of 0. Lacking empirical data, we
assumed that such variation (due to fluctuations in food abundance and variations
in the age at which females reach sexual maturity) was 25% of the mean.
VORTEX then determines the percent breeding each year of the simulation by
sampling from a binomial distribution with the specified mean (60%) and SD
(12.5%). The relative proportions of litters of 1 and 2 are kept constant.

As no data exist indicating other than a 50:50 sex ratio at birth for Asiatic black
bears, we used an equal sex ratio as the default value.

Age of Senescence: VORTEX assumes that animals can breed (at the normal rate)
throughout their adult life. This has been shown to be the case among American
black bears, which continue to produce cubs through their late 20s. We chose 30
years old as the maximum age at which Formosan bears in the model produce
cubs.

Mortality: Mortalities can be entered in VORTEX in 3 ways: (1) as the percentage
of animals in each sex-age class expected to die each year, with a corresponding
variance, (2) as a fixed number removed (e.g., harvested) in each sex-age class,
and (3) as a catastrophic event that reduces the normal survival rate by some fixed
amount.

Cub survival is quite variable among North American black bear populations, and,
more over, the factors affecting this variability are not understood. Consequently,
we used the average cub mortality rate from 23 studies for which data were
available as our best estimate of cub mortality for Formosan black bears (35%). In
most studies, males have a significantly higher cub mortality rate than females, so
we assumed a rate of 40% for male cubs and 30% for female cubs.

Survival of older bears is strongly related to human influences, such as hunting,
poaching, and nuisance kills. Survival of American black bears in protected areas
is consistently very high, except where bears cross the boundaries of the area and
become vulnerable to human sources of mortality. We used the average mortality
rates observed among studies in unhunted North American populations to develop
the following mortality schedule expected in the absence of poaching for a
population of Asiatic black bears well below carrying capacity. The SD due to
environmental variation was considered to be 25% of these mean values, as
shown:

subadult females - 5% (SD = 1.25%)
adult females - 5% (SD = 1.25%)
subadult males - 10% (SD = 2.5%)
adult males - 5% (SD = 1.25%)
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There is no legal hunting of Formosan black bears, and nuisance killing is very rare,
so the only significant human source of mortality is poaching. The level of
poaching is, of course, unknown, and certainly the primary variable affecting the
future status of these bears. Thus, the modelling procedure was used to project
future population sizes under various levels of poaching. We made the assumption
that poachers would not be selective for particular sex-age classes of bears, and
since we could not make a reasonable guess as to relative vulnerabilities of each
sex-age class, we considered poaching to affect each to an equal extent. We also
assumed that poachers would take a fairly constant proportion of the population
rather than a fixed number of bears; that is, if the population diminished, poachers
would find it more and more difficult to find bears, thereby taking a smaller
number, although roughly an equal proportion.

We found it most convenient to manipulate the level of poaching by including it as
a "catastrophe" that occurred on an annual basis which reduced the survival of
each sex-age class by the same amount; we could then vary the level of poaching
by simply altering the amount by which survival was reduced. We examined the
effects of poaching levels of 5%, 10% and 15%, which were entered in the model
as 95%, 90% and 85% factors, respectively, affecting survival. Incorporating
poaching in this manner, rather than entering it directly in the mortality schedule,
results in a somewhat diminished effect, as shown in the example below, because
the mortality is imposed on the proportion of animals that did not die of natural
mortality.

Example comparing 10% poaching applied in two different ways. In this
model we used method #2.

1. 10% poaching added to 5% natural mortality = 15% mortality.
2. 95% survival reduced 90% by poaching = 85.5% survival = 14.5%
mortality.

We also incorporated a second "catastrophe" to correspond with the effects of
mast crop failures. In American black bears mast crop failures have been observed
to significantly affect reproduction (sometimes resulting in total reproductive
failures), but not natural mortality (although it may affect human-caused mortality
in populations subjected to hunting or nuisance killing). We presumed that
significant mast crop failures occurred about once in 10 years in Taiwan
(considered a stochastic event in the model occurring with a probability of 10%),
which reduced reproduction to 25% of normal but did not affect survival.

Carrying Capacity: K defines an upper limit for the population size, above which
additional mortality is imposed in order to return the population to K. VORTEX
uses K to impose density-dependence on survival rates. It also has the capability
of imposing density dependent effects that change continuously as the population
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approaches K, but since such effects have not been documented among the
numerous studies of black bears in North America, we elected not to include them
in our model.

We chose an overall K for the island of 2,000 bears, or about 1/5 km?. Whereas
this value is certainly arguable, given much higher black bear densities in some
protected areas in North America, the effect of this rather arbitrary choice of a
value for K on the model projection is negligible, as the population is currently well
below K. The imposition of carrying capacity would only have meaningful effects
in the near future (i.e., next 2 decades) if proposed cross-island road construction,
and the ensuing probable increase in access for poachers, fragment the bear’s
range to the extent that each separate, remnant population becomes limited by its
own individual carrying capacity.

Inbreeding Depression: We did not include the option for inbreeding depression
included within VORTEX for most runs of the model. This option was added,
however, when we sought to examine the effects of fragmentation of the various
protected areas. For this option we assumed 3.14 lethal equivalents per diploid
genome, which, absent specific information for bears, is the median value from 40
other mammalian species

Starting Age Distribution: We initialized all of the model runs with a stable age
distribution that distributes the total population among each sex-age class in
accordance with the existing mortality and reproductive schedules.

Starting Population Size: We tested 4 initial estimates of population size: 100,
200, 300 and 400 bears.

Metapopulation Analysis: After the initial model runs, we repeated the process
using the same estimates of total population size, but assumed that the island-wide
population was not uniform with respect to levels of poaching and hence
population density. Given that poaching should be lower within protected areas
than outside these areas, and poaching is likely the major influence on bear
density, we assumed that although a third of the available bear habitat is within
protected areas, half the bears occupied these areas. Thus, for a starting
population of 200 bears, 100 were considered to be within protected areas and
100 outside.

We used poaching rates of 5% inside protected areas and varied the poaching rate
outside from 10% to 15%. We assumed that all migrants between protected and
unprotected areas were young (1-3 year-old) males, in accordance with data on
dispersal in American black bear populations. We also assumed that 25% of
dispersing animals moved from protected to unprotected areas, or vice versa (the
remainder dispersed within the area that they were born).
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We had no information on habitat differences between protected and unprotected
areas, so we presumed carrying capacities to be relative to area. Considering a
total carrying capacity of about 2,000 bears, as above, we thus considered the
protective areas, with a third of the area, to have a carrying capacity of 700.

Iterations and Years of Projection:

Each scenario was iterated 200 times, and projections were made for 100 years
into the future. Output results were summarized at 10 year intervals in the time
series figures. Each tabulated scenario has a corresponding file number for
reference and future retrieval of other results, if necessary. The simulations were
run using VORTEX version 6.2.

Population Projections:

Figures 1-4 show population projections for the 4 different starting populations,
assuming poaching rates of 5%, 7.5%, 10%, and 15%. The 7.5% scenario was
added after viewing the other results as a demonstration of population stability.
The vastly different projections for rather subtle differences in the extent of
poaching, in terms of numbers of bears taken, is striking: for example, for a
starting population of 200 bears, poaching 10 bears (5%) enables the population to
increase, poaching 15 holds it stable, and poaching 20 drives it towards extinction.

Figures 5-6 show the probabilities of extinction over time for poaching rates of
10% and 15%; no extinctions occurred at lesser poaching rates. Even under
poaching levels of 10-15%, the population will persist for at least 20 years,
regardless of the initial population size. However, with a poaching rate of 15%,
the population would likely not persist beyond 50 years.

Population growth rates (r), probabilities of extinction (Pe), final population size
(N100), and retention of genetic heterozygosity (He) after 100 years, as well as the
mean time to extinction (Te) are shown in Table 1 for the varying levels of
poaching (Pch) and starting population sizes (N). The deterministic growth rate
was calculated by a Leslie matrix algorithm. Positive values are necessary for a
population to survive, and in principle a zero value would characterize a stable
population. The deterministic growth rate is not sensitive to differences in starting
population size, but varies with level of poaching (Table 1). Poaching levels of
10% or more result in negative population growth and inevitable extinction,
presuming no intervention. Stochastic population growth rates were more sensitive
to population size, tending to be higher with larger populations, but even the most
optimistic population estimate of 400 animals declined steadily with 10% or more
of the animals poached. The probability of extinction within the next 100 years
was 100% for poaching rates of 15%. Expected time to extinction under this rate
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of poaching was <60 years (Table 1, Fig. 6). With a poaching rate of 10%, the
population would be expected to persist <100 years.

If the protected areas have much lower poaching rates (5%) than unprotected
areas (10-15%), but there is significant interchange (of males only) between the
two, the model (metapopulation analysis) predicted growth of populations in
protected areas and decline in unprotected areas (Figures 7-9). Bears persisted in
unprotected areas in runs with 10% poaching (but not 15% poaching) because
immigration of males from the growing protected populations compensated for
poaching loss. These unprotected areas became population sinks, with virtually no
reproductive females. Overall, this scenario indicated a substantial shift in bear
distribution and an overall increase in bear numbers.

This scenario, however, considered the protected and unprotected areas as two
populations, whereas in reality there are presently 5 discrete protected areas
separated by unprotected zones. As poaching reduces bear densities in these
unprotected zones and gradually eliminates reproductive females (because female
bears rarely disperse), these areas may become barriers to interchange between
protected areas. Dispersing males might not be attracted to areas with no available
females, and more over, those that did attempt to cross the area might be
intercepted by poachers. Thus, with high levels of poaching in unprotected areas,
the protected areas would become more and more isolated from each other, and
their populations would behave as small discrete units rather than as a single large
unit, as modelled above. To examine the effects of such fragmentation we chose
one protected area in the northern part of the range (La La Mountain), where an
estimated 10% of the total protected area population resides. In the most
optimistic scenario, where the total population is presumed to number 400 bears,
200 of which are in protected areas, this one area would contain about 20 bears.
If the poaching rate is held to 5% and inbreeding effects are ignored, this
population would be expected to grow; however, in a population this small,
isolated from other populations, inbreeding effects could become important,
imposing a risk of extinction, even with this rather low level of poaching (Fig. 10).

Summary:

Sighting data indicate that bear numbers in Taiwan are likely not growing.
Furthermore, the total population appears to be quite small and must be well below
carrying capacity. Poaching is certainly the greatest threat to viability. The
modelling runs conducted here indicated that poaching rates of at least 10% result
in an appreciable risk of extinction. If lower rates can be maintained within
protected areas, the overall population would grow; however, with continued high
rates of poaching in unprotected areas, the protected areas would become more
and more isolated, with less and less genetic interchange, running greater and
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greater risks of extinction, as demonstrated in Figure 10. These results highlight
the value of increasing the size of protected areas so that (1) each harbors a larger
population of bears, more resistant to the stochastic effects of small population
size, and (2) the intervening unprotected zones are smaller, and therefore less of a
barrier to migration between protected areas.

The scenarios we modelled, with 5% poaching within protected areas, might
actually be overly optimistic, given that the real populations within protected areas
appear not to be growing. Furthermore, if poaching outside protected areas is
higher than within protected areas, it would suggest that our modelled rates of
10-15% poaching mortality in the unprotected areas are likely not underestimates.
Projections indicate that poaching of this magnitude will lead to the demise of the
Formosan black bear during the next 100 years, and possibly during the next 50
years. Reducing the level of poaching is clearly the utmost imperative for the
conservation of this population.

These projections must be interpreted with caution, given the limitations of
the input data. However, whereas there is certainly good reason to make an effort
to collect data specific to this population, we see no escaping the conclusion that
this population is currently in a highly perilous situation. We doubt that
reproductive rates are significantly higher than assumed herein, based on North
American black bear data, and the fate of the population appears to be rather
invariable with respect to the actual size of the present population, given it is likely
less than 500. Thus, although studies aimed at collecting more accurate
reproductive data and studies to obtain better population estimates would be
useful, they could divert attention from the primary factor dictating the dynamics of
this population -- poaching. It seems clear that studies designed to estimate the
level of poaching would be the most productive means of evaluating the status and
future of this population, and would likely be the most effective means of drawing
attention to this population’s apparently desperate conservation needs. Studies
directed at elucidating the nature of the poaching problem also could aid in
developing a strategy for better enforcement.

It was evident from this modelling endeavor that a poaching rate of about
10%, equivalent to the taking of just 20 animals in a population of 200, causes the
population to decline, whereas reducing the take to 10 animals enables the
population to increase. This sensitivity to small changes in the number of animals
poached (a reflection of the small number of bears remaining) has sizable
ramifications for efforts directed at reducing poaching. In one sense, preventing
the poaching of 20 bears from an area of nearly 1 million hectares might seem too
daunting a task to be worthwhile. On the other hand, these projections suggest
that saving just 10 bears might be enough to rescue this population from
extinction.
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Figure Legends:

Figure 1. Projections of population size for Formosan black bears subjected to a
poaching rate of 5%, assuming a starting population size of 100, 200, 300 or 400
bears and a carrying capacity of 2,000.

Figure 2. Projections of population size for Formosan black bears subjected to a
poaching rate of 7.5%, assuming a starting population size of 100, 200, 300 or
400 bears.

Figure 3. Projections of population size for Formosan black bears subjected to a
poaching rate of 10%, assuming a starting population size of 100, 200, 300 or
400 bears.

Figure 4. Projections of population size for Formosan black bears subjected to a
poaching rate of 15%, assuming a present population size of 100, 200, 300 or
400 bears.

Figure 5. Probabilities of extinction through time for the Formosan black bear
population subjected to an assumed poaching rate of 10% and a present
population size of 100, 200, 300, or 400 bears.

Figure 6. Probabilities of extinction through time for the Formosan black bear
population subjected to an assumed poaching rate of 15% and a present
population size of 100, 200, 300, or 400 bears.

Figure 7. Projections of the number of bears in protected and unprotected
segments of the Formosan black bear population subjected to different rates of
poaching: 5% in the protected area, versus 10% or 15% in the unprotected areas.
The total present population was assumed to be 100 bears, half of which reside in
protected areas,

Figure 8. Projections of the number of bears in protected and unprotected
segments of the Formosan black bear population subjected to different rates of
poaching: 5% in the protected area, versus 10% or 15% in the unprotected areas.
The present population was assumed to be 200 bears, half of which reside in
protected areas,

Figure 9. Projections of the number of bears in protected and unprotected
segments of the Formosan black bear population subjected to different rates of
poaching: 5% in the protected area, versus 10% or 15% in the unprotected areas.
The present population was assumed to be 400 bears, half of which reside in
protected areas,
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Figure 10. Probabilities of extirpation of a singular protected black bear population
(La La Mountain) in northern Taiwan that was assumed to be demographically and
genetically isolated. Other assumptions for these model runs included a poaching
rate of 5%, a carrying capacity of 60 bears, and a present population size of 20.
One projection ignores potential deleterious effects of inbreeding (Heterosis [H]
0), whereas the other incorporates inbreeding depression (Heterosis option with
3.14 lethal equivalents per genome).

Figure 11. Loss of allelic diversity as a function of starting population size and
poaching rate in simulated black bear populations. The simulations are initialized
with 2N unique alleles. A stochastic gene drop program applied to the alleles in
each individual in the population is used to select the allele passed to each
offspring. A higher proportion of alleles will be retained in a growing population.

Figure 12. Loss of heterozygosity as a function of starting population size and
poaching rate in simulated black bear populations. The starting level of
heterozygosity is set at 1.00. This measure provides an estimate of the level and
rate of inbreeding in the simulated populations. Since the generation time is about
12 years under the conditions of these simulations the 100 years represent 8-9
generations. Thus a 100 year heterozygosity value of 0.92 would represent a loss
of 8% or about 1% per generation.
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Table 1. Formosan Asiatic Black Bear - Poaching Rates and Extinction Risk

File Variables Results
# N at Pch Population Growth 100 Years
t=0 % Deter Stoch Pe N 100 SD Allel He Te
r r
K=2000
136 100 0] .080 .079 0] 1990 | 31 111 .984 -
137 200 .079 0] 1990 | 30 184 .990 -
138 300 .079 o 1992 | 29 231 .992 -
139 400 .079 0] 1989 | 34 262 .993 -
120 100 5 .029 .027 (0} 1460 | 493 | 51 .964 -
121 200 .027 0] 1821 288 | 100 .981 -
122 300 .028 0] 1923 | 107 | 145 .987 -
123 400 .028 0 1923 | 117 | 184 .990 -
132 100 7.5 .002 -.0002 .005 | 132 101 18 .880 929
133 200 .0000 0 239 146 | 35 .941 -
134 300 .0007 379 215 | 54 .962 -
135 400 .001 0] 512 280 | 73 .973 -
124 100 10 -.025 -.037 .655 | 17 13 5 .666 76
125 200 -.033 .3256 | 24 17 8 .752 85
126 300 -.031 .150 | 25 18 10 .801 92
127 400 -.029 .085 | 35 25 13 .842 91
128 100 15 -.082 -.109 1.00 | O - - - 36
129 200 -.102 1.00 | O - - - 45
130 300 -.101 1.00 | O - - - 50
131 400 -.098 1.00 | O - - - 54
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BLACK BEAR DEMOGRAPHY
Population Size & 5% Poaching Rate
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BLACK BEAR DEMOGRAPHY
Population Size & 7.5% Poaching Rate
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BLACK BEAR DEMOGRAPHY
Population Size & 10% Poaching Rate
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BLACK BEAR DEMOGRAPHY
Population Size & 15% Poaching Rate
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BLACK BEAR DEMOGRAPHY
10% Poaching & Population Size
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BLACK BEAR DEMOGRAPHY
15% Poaching & Population Size
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BLACK BEAR DEMOGRAPHY
MetaPopulations & Poaching Rate
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BLACK BEAR GENETICS
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WILD POPULATION MANAGEMENT

A.

Short Term Goals.
Prevent further decrease of the black bear population. Survey and monitor

wild population status. Do taxonomic studies to determine subspecies uniqueness
and level of genetic variation.

1.

2.

Improve the ability to protect habitat and prevent poaching.

Develop an accurate (standardized) questionnaire to collect information about
the distribution of bears and bear sign in Taiwan.

Evaluate extending boundaries of protected areas to include larger areas of
the bears’ habitat or to connect bear habitats.

Continue the necessary field research to monitor wild population size and to
collect ecology data on the bears.

Develop a strong communication network between the researchers and
managers to share information regrading bear conservation.

Develop a program to incorporate bear conservation information into broader
conservation education programs and introduce the use of the bear
observation form.

Collect and analyze genetic information on the wild population.

Long Term Goals.
Maintain a sustainable population size of black bears.

Integrate observation data to evaluate the population size of the black bear
and to estimate the changes in population density of the bear.

Continue to collect ecological information on the black bears. Integrate in
situ (protected areas) and ex situ (captive breeding) bear programs in Taiwan
and form a collaboration between bear conservation management programs.

Schedule another Asiatic black bear workshop in two to three years to
analyze progress toward goals and to evaluate more accurately the status of
the populations of the bears.

Strengthen the protection of the National Parks Reserves. Design land use
patterns in the vicinity of these areas as protected areas and minimize
human-wildlife conflicts.
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MANAGEMENT OF FORMOSAN BLACK BEAR UTILIZATION

Short Term Goals:
Reverse present declining trend of Taiwan’s black bear population.

1. Conduct interviews with hunters and local people to better understand the
present market for Taiwan’s black bear.

2. Gather information to better understand the present market for bears and
bear products in Taiwan.

3. Regulate the market for bears and bear products in Taiwan.

a. Restrict utilization of bear products to the gall bladder for use in TCM
only (currently bear gall bladder is also used in traditional remedies not under
the purview of TCM and meat is eaten as a delicacy).

b. Devise a system in cooperation with the traditional Chinese medicine
societies to determine existing amounts and per annum use of bear gall
bladder in TCM.

c. Consider the only present possible source of a legal supply of bear gall
bladder, i.e. the United States and Canada, through government to
government trade.

4, Expand education, research, and cooperation.

a. Promote public education encouraging use of substitutes for bear gall
bladder and improve the public’s general understanding of traditional Chinese
medicine to decrease consumption of bear gall bladder.

b. Increase communication between the TCM community and pertinent
government agencies to improve overall cooperation and facilitate
implementation and enforcement of policy.

c. Promote research on animal parts used in TCM with the goal of
identifying substitutes for bear gall bladder; identify both effective and
ineffective utilization of animal products.

5. Formosan bear population.
a, Understand the present distribution of Formosan black bears in the wild
and identify isolated or small populations.

b. Closely monitor captive bears, including exotic species, to prevent
possible escape or abandonment.
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Medium-Term Goals:
Stabilize the Formosan black bear population in the wild.

1. Evaluate the effectiveness of legal domestic bear gall bladder market
controls.

2. Expand protected habitat.

a. Establish buffer zones around isolated populations and possibly in all
existing protected areas to facilitate population growth and achieve long
term viable population size; and prevent possible human - bear conflicts in
the future.

b. Create corridors linking separate populations to increase variation of gene
pool for existing populations.

c. ldentify areas for bear reintroduction.

d. Establish a strategy to increase existing small populations through
translocation.

3. Public Education Programs.

a. Promote tolerance of bears in communities surrounding bear habitat, to
include existing populations and future populations.

b. Promote tolerance in the general public toward bears and wise use of
bear habitat.

c. Continue public education concerning utilization of animal parts in
traditional Chinese medicine.

Long Term Goals:

Achieve stability or increase in population of Formosan black bear.

1. Evaluate the effectiveness of legal domestic bear gall bladder market
controls.

2. Use individuals in overcrowded habitat as founders for new populations.

3. Continue public education to resolve possible conflicts arising from negative

bear - human interactions in certain areas.

4. Sustainable use of surplus bears.
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CONSERVATION MANAGEMENT OF THE CAPTIVE POPULATION
Programs to be initiated within 1-3 years.
1. Establish a registry of captive Formosan black bears.
a. For each animal, identify and record its origin and genetic makeup.

b. Further develop methods for ensuring accuracy of lineage of individual
animals.

c. Develop a studbook for the Formosan black bear.

2. Develop basic knowledge of the species.

a. Develop information on the physiology, anatomy, disease, veterinary
care, husbandry, behavior, and growth.

b. Research and compile relevant data on Asiatic black bear from other
countries.
3. Form a working group of captive breeding specialists.

a. Group members may include geneticists, animal scientists, veterinarians,
biologists, and ecologists.

b. Establish an information network.
c. Hold meetings routinely to exchange information.

d. Aggressively develop contact with field researchers, scientists, and
conservation organizations.

e. Apply knowledge and techniques gained from captive populations to field
research. Similarly transfer knowledge and techniques developed in the field
to benefit captive husbandry.

4, Construct breeding centers and rescue facilities.

a. Taipei city zoo to act as breeding center and rescue facility.
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C.

1.

b. Taiwan Endemic Species Institute to act as a breeding center and rescue
facility.

c. National Ping-tung Polytechnic to act as a rescue facility.

Research bear reproduction.

a. Engage in research on reproductive physiology.

b. Develop a gene resource bank (frozen zoo) with sperm and embryos.
c. Acquire from other countries techniques and knowledge for black bear
reproduction. If appropriate send staff abroad to study.

Garner financial resources.

a. Secure sponsorship from private business.

b. Adopt-An-Animal Program.

c, Seek and secure an appropriate proportion of government funding to
support bear conservation programs.

Programs to be initiated within 3-5 years.

Propose a coordinated breeding program to involve all appropriate entities.

Continue all necessary programs that were initiated earlier.

Programs to be initiated within 5-10 years.

Develop a program to exchange genetic materials between captive Formosan

population and other appropriate populations. This may include transfer of animals
as well as genetic materials such as sperm and ova.

2.

Investigate the feasibility of reintroduction.
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POLICY, LAW AND INTERNATIONAL COOPERATION

Problem Statements
Lack of strong and effective policy for Conservation of Formosan Black Bear
Barriers:

1. Negative attitude-traditionally treated species as a pest and a dangerous
species which needs control in the wild.

2. Traditional uses of the bear stimulate the market of bear products.

3. Fear of being hurt when contacting bears in the wild.

4. Fear of crop damage.

5. Low perceived needs for bear protection among institutions from local to

national government.

6. Lack of scientific data base for making policy and management choices.
7. Low public support for bear conservation at local and national level.

8. High cost of conservation projects.

9. High cost of poaching control.

10. Difficult to ensure short term benefit so long term commitment is requisite.
11. No guarantee of success of any project effort.

12. Much difficulty in accessing bear habitat to conduct conservation research
and management tasks.

13. Lack of government budgets, manpower, young scientists, well trained law
enforcers to support bear conservation projects.

14. Little collaboration among agencies sharing jurisdictions over bear habitats.
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Other obstacles toward making conservation policy on the Formosan Black Bears a
priority including the following factors:

1. A fear that this animal may become too abundant in the preserve and escape
to invade the village and cause crop damage, attack mountain hikers,
workers and local aboriginals.

2. Low economic value of local specimens of the species because the majority
of bear products such as bear paw, gall bladders are not imported.

3. The fear that bear protection may stop economic use, tourism and land use
development in the high mountain area.

4. There is not traditional culture of hunting bear in the aboriginal tribes
available for supporting the needs of urgent to protect local bear.

5. There are no clear data about the population and poaching status in the wild.
While there is concern about the species being seriously threatened or over
exploited, there is no hard evidence to support the concern. Although the
National Park system is claiming that the wildlife population bounds back
quickly after law enforcement in the park lands, there are not data to support
this statement.

Recommendation of strategies:

An extensive educational program shall be initiated first to help the law
enforcers, legislators mass media and public to correct their misconceptions and
help them lose their fear of this large terrestrial animal it becomes abundant. We
strongly recommend to policy makers for bear conservation that they clearly state
the potential benefits in many aspects of such a policy design and state multiple
objectives to augment the likelihood of public support. To help increase public
awareness and strengthen the priority and effectiveness of this policy in nature
conservation below are aspects which may be helpful in the early stages.

1. The goals of setting protected areas for bears shall also emphasize the
potential of protecting biological diversity, natural resources and water
resources.

2. The policy shall emphasize the need for strengthening inter-agency

coordination in enforcing existing natural conservation laws on the high land
areas of Taiwan. These agencies include: National Park (Construction
Planning and Administration, Ministry), Forestry Bureau (Taiwan Provincial
Government). There also is required close cooperation in implementation of
National Cultural Heritage Law and Wildlife Conservation Law and
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Environmental Impact Assessment Laws (Environmental Protection Agency).

The policy shall offer solutions to the Council of Agriculture in seeking
release from international sanction pressures from CITES and Pelly
Amendment.

The policy shall also project the potential benefits of the commitment of
significant resources to setting aside more preserves and increasing funding
for poaching control for this specific species.

Problem Statement Ill: How to maintain the integrity of ecosystems for bears:

Threats affecting habitats of the Formosan black bears include:

1.

Driven by short term economic benefits, many land use activities such as
growing of bitter nut, tea plantation, orchards, highway construction, mining
and recreation in the forest are emerging and are widely distributed at the
high lands. The majority of development surrounds protected areas and
fragile ecosystems. Fragmentation and isolation of protected areas are
serious problems occurring everywhere on the island. The aboriginal
movement in this island also contributed many issues including habitat loss,
land conservation and in the highlands. The impact of development is clear;
urgent action is needed to maintain the integrity of the high land ecosystem
and protect the Formosan black bears from poaching, habitats loss from land
use threats.

Recommended Strategies:

It is urgent to make policy changes as listed below, in order to maintain the
integrity of the habitats.

1.

It is urgent that each nature conservation agency reevaluate the threat status
of each existing protected area in the high land areas, and make
recommendations for management change to meet the needs of large
mammals.

It is urgent that the Forest Bureau set aside more protected areas in the high
land region where bears are sighted and valuable biological resources are in
an undisturbed state. The Environmental Protection Agency needs to be
delegated authority necessary to rule out inappropriate land use development
at the mountain region.

Formosan Black Bear PHVA Report 99



It is necessary to apply the theory of Island Biogeography and landscape
ecology in designing protected areas. The concepts of Man and Biospheres,
buffer zone and core zone shall be considered during the process of planning
and decisions. It is necessary to connect the existing protected areas with
many corridors so that bears can access the entire protected area. This
strategy may reduce the risks of genetic inbreeding depression.

It is urgent to set up a working group in the first stage under the current
Commission of Natural and Culture Landscape, Council of Agriculture: The
working group shall be responsible for the designation of new protected
areas, or modify the boundary of current protected areas and revise master
plans of existing protected areas. Members of this group may consist of bear
specialists, government officers, wildlife ecologists, and representatives of
nongovernmental organization.

In the long run, the mission of such a working group may be taken over by
the new Head of Wildlife Conservation Law Amendment. The group may
work with The Taiwan Endemic Animals Research Center, Zoo organizations,
and Wildlife Research Institution. A nonprofit organization which aims to
save the Formosan bear is encouraged to establish itself in the island.

It is urgent that the Economic Development of Executive Yen hosts a public
hearing process and generate careful standardized operational procedures
that help to guide land use activities. It is necessary to have a policy
guidelines to help achieve sustainable development in the high land region
and reduce its environmental impact on the adjoining lowland areas.

It is urgent that those in charge of the "National Regional Plan Law",
"Mountain Hills Conservation Law" and "Indigenous Reserves’ Development
Procedures” shall become familiar with the issues in the high mountain
region and enforce these laws strictly to stop the over-exploitation of the
land, water and biological resources.

It is necessary to have more public participation process for local residents
and aborigines to realize the needs of change. It may be achieved by means
of educating these groups so that they may accept the concepts, principles,
and practices of ecological sustainable development.

It is necessary to design a cooperative management plan which facilitate the
involvement of indigenous people in planning, decision making, and the
implementation of management plans.

Development of the local community serves a fundamental role in
conservation of ecosystems. All local assets shall be mobilized and used in
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every stages of conservation. This involvement is particularly urgent in the
beginning stage.

10. To reach consensus on the strategies for conservation, self-determination
and citizen votes may be necessary at some remote Indigenous villages.
Local opinion leaders shall be respected and encouraged to lead the group
decision.

Problem Statement:

There are many managements issues in the high mountain areas such as forestry
fire, poaching, recreation, highway construction, mining, wildlife market.

Forestry fire policy:

It is urgent to increase the education program and the intensity of control the
activities of engineers, high way constructors, hikers, forest workers, agriculture
farmers in the high lands to reduce the risks of causing catastrophes such as small
scale if landslides, and large scale mountain fires.

Wildlife poaching:

Despite the fact that the hunting is entirely prohibited in Taiwan, the
unintentional hunting on Formosan bears by the aboriginal people still occurred in
the past. Many shooting clubs still enter the forest lands to chase the wild boars
and sometimes kill the boars for joys. New emerging adventure activities in the
mountains also is creating issues for wildlife management.

Strategy: The gun and bullets control shall be enhanced by the police
administration to reduce the issue. Such activities shall be discouraged in the high
mountain areas.

Due to the lack of administration manpower, budgets and lack of data base
for designating hunting areas, and for issuing hunting permits and allocating
hunting quota, there is not legal game reserve available today for sport hunting.
However it may be come true when the population of wildlife are abundant in the
long run.

Mining Issues.
There are many mining permits in the Forest lands and national parks, and

shall be dealt with. Most the mining rights are politically sensitive and take huge
money to buy back the rights. The mining activities including exploring and
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excavation will caused tremendous of habitat loss of wildlife.

We highly recommend that the Mining Bureau and Ministry of Economics
shall initiate a review process to check the status, value, and stocks of minerals of
the mining right holders. The ministry of Economics shall cancel off those permits
that have very low economic value and those mining sites that may cause
tremendous environmental impacts.

Tourism Pressure:

The ecotourism and high mountain hiking business is recently promoted by
the Bureau of Tourism, Ministry of Communication. 10 high mountain trails have
been selected by the bureau for attracting the international hikers. The trail also
include the patrol road inside the national preserves. It is cleared that the trashes
littered by the hikers will attract the bears and increase the probability of bear and
human contacts. The illegal collecting of endangered wildlife species and
specimens by international hikers and nature collectors will also contribute the
damage the ecosystem.

Strategies: Developers shall prepare environmental impact assessment report,
whenever they propose forestry recreational plans. Mountaineer guides, camping
regulations, and minimize the size of visitor number are also alternative measures
for reducing the impact.

Cooperative management system

It is urgent to encourage the leaders in mountain villages to establish an
autonomous cooperative management system. It provides incentive to local
residents by regarding wildlife as common property of the local community and
gaining profits from issuing use permits This model has been successfully adopted
to protect the fishes in the stream of the Taiwan However some unexpected
impacts have occurred that many leaders raise captive animals and introducing
exotic species for short term profits. It indicates that the leaders shall be trained
and well educated to avoid of such activities. This model may be widely diffused
when the population of certain animals such as wild boars, muntjack reach certain
level.

Mountain wildlife product marketing

The wildlife product trades between the mountain areas and neighboring areas is
the major cause of the poaching activities. The trade is underground and difficult to
detect and stop in this moment.

Strategy: The name and address of hunters, business people, traders shall be
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registered and investigated occasionally. The patrol team shall be organized and
conducted frequently in the protected areas. Local police officers shall be involved
to enforce the laws.

Conflicting Interests

There are many interest groups are relative with the wildlife products and
habitats. To help promoting the communication and change of policy, a procedure
is in need of design.

To assess and help resolve the conflicts, the government shall conduct many
public hearings to encourage public inputs. The public relationship and speakers,
mass media are action channels for the nongovernmental group and concerned
citizens to complain about issues and targets of petition. There shall be a treatment
team to handle the emergent event issues and needs a mediator or arbitrator to
deal with the conflict study.

An evaluation researcher shall be invited to design feasible and appropriate
methods and to seek for appropriate indicator in different stages to help the
managers and program executers to record their process. A management
information system shall be designed for long term monitoring.

A geographic information system is in need of design. The data collecting
from all the natural conservation agencies shall be assembled into one system so
that the data can be updated, analyzed, extracted and communicated for the policy
maker and program managers. Some long term models are needed for the program
managers to evaluate the degree of success of the project.

Problems of human resources

1. It is urgent to build up supporting bodies from all levels of government
officers, representatives, juries, law enforcers, enterprises, businessman and
nonprofit organizations , citizen groups and Indigenous people, school
systems.

2. It is necessary to comply with international wildlife laws, international
conventions, to lobby the legislators for pass of conservation laws, to run
the election campaign to be legislator and local representatives, to form a
green party. By this, it is hoped that the authority and tax income allocation
shall be decentralized. The number of manpower, law enforcement
equipments, budgets authority of each conservation agency from national to
local governments shall be strengthen regularly.

3. The training camps shall be hosted regularly to increase the capability of law
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enforcers, program managers, and conservation researchers. The
Environment Protection Agency shall engage in personnel training programs
and provide the necessary facilities to recruit natural conservation.

4. It is urgent to build up a system for promoting growth of conservation police
officers on the island. The system shall improve the reward, salary,
promotion, and equity of allocating money rewards. It shall also create an
incentive for motivating the law enforcers, for increasing their commitments
which include a strategy to upgrade the salary and position the common
forest patroller.

5. It is necessary to raise money and form a scholarship to provide funding for
young scientists to study bears in the remote mountain areas.

6. It is necessary to build several high mountain research stations to provide
facilities and research equipment for doing long term research for bears and
other high land wildlife.

7. It is urgent to conduct a fund raising campaign around the island to support
conservation research and education. Conservation stamps marked with
black bears is also an alternative.

8. It is appropriate for the citizen groups and zoo institutions to adopt a natural
preserve and conserve a special animal.
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CONSERVATION EDUCATION FOR THE FORMOSAN BLACK BEAR

Participants: Shun-Mei Wang, Chan-Hwa Ho, Chin-Lan Chang, Moa-Fen Lin, Gin-
Yuen Wang, Shi-Gia Cheng, Kwan-Ho Chen, Wan-Pei Chang, Ko-Chou Lein, and
Kin-Chu Tsai.

Actions:

The short range actions of conservation education are to educate people
who stimulate bear hunting and bear gall bladder use; to reduce the decline of the
wild black bear population.

The middle range actions of conservation education are to educate people
whose behavior will directly cause the damage of bears’ habitats. The long range
actions of conservation education are to educate the general public about
ecological principles, common property rights, and animal rights.

Criteria for setting action priorities: The education activities which aim at achieving
different conservation objectives at short range, middle range, and long range shall
also be initiated in the beginning stage. If there were time and resource constraint,
those activities which help achieving short term objectives will be given first
priority in the first three years. The efforts in the fourth and fifth years may focus
on prohibiting hunting and use, recovering of bear habitat, comprehensive
legislation and resource people training. In the next five years, it is hoped that
ecological concepts and environmental values will be acquired by the general public
and their behavior will be positive and environmentally sound.

Short Range Action Plans:

Consumers: The objectives are to educate consumers so that they are willing to
change their traditional uses of Chinese medicines and their unwise use of bear
paws and gall bladders. Hopefully education could lead them to use substitute
bladders of American black bear gall bladder if it is necessary and gradually the
consumers could stop using bears which are endangered. To the mass media and
informal agencies, educators shall provide messages about the negative impact on
of eating black bear on their personal health, the ecosystem, and the national
image. The first stage may be expressing the painful suffering of bears from the
loss of their paws and the removal of the bladder fluid.

Chinese Medicine Store Managers:

The action for Chinese medicine business is to host conferences for discussion of a
sustainable way to use bear bladders and to correct the misuse of bear bladders
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and choose substitute bladders from American black bear or other bears which is
over populated. It is necessary to work with the Chinese Medical College professor
and the medicine business to educate the general public to choose appropriate
ways of using substitute products.

Wildlife Market Businessman:

The objectives of education are to make them aware of the current laws prohibiting
the use of the Formosan black bear and the eating of wildlife. It is hoped that the
supplying of the wildlife market and the demands for wildlife stores could be
gradually decreased.

Wildlife Hunters and Indigenous People:

The objectives of education are to build ownership systems of the indigenous
community for the wildlife near their communities. They need to be taught about
the concepts that man shall maintain a harmonious and close relationship with
wildlife and the supporting living systems.

General Public:

The objectives of education plans are to introduce the general public to the life
history, behavior, and distribution of Formosan black bears. It is hoped that the
highly populated human communities can reduce their negative attitude towards
bears, could avoid disturbing bear habitats, and could learn appropriate skills to
escape when meeting accidentally with bears in the wild or elsewhere.

Bear Farm Raisers:

The objectives of educating bear farmer raisers are to teach them how to provide
bears with comfortable facilities and to seek for better treatment procedures for
their bears. It is hoped that the raiser would build up more responsible behaviors
to captive bears and could have better information on who and which agency can
take care of bears health.

Middle Range Action Plans

The objective of conservation education is to alleviate damage on bear habitats
through educating local farmers, the tourism business, and consumers.

Farmers and Tourism Leaders:

To those farmers on the high hills and to the leaders of tourists, our suggestions
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are to increase their knowledge about population ecology, carrying capacity and
the dynamics of natural balance in ecosystems. It is hoped that they would build
up responsible attitudes and environmentally sound ethics affecting their
agricultural practices. To the tourism leaders, we hope that they select mountain
hiking traits and tourism activism to reduce the impact on bear habitats and bear
behavior in the wild.

Wildlife Consumers:

To the wildlife consumers, education actions are to introduce ecologically
responsible eco-tourism activities for visitors and to educate them with knowledge
about the places they are going to visit before their vacation trip. Information
should urge reducing food and tea plantations on the high regions and should stop
hiking in the most sensitive bear habitats. To the residents living in the protected
areas, the objective of the education program is to change their beliefs and ethics
about the utilization of their land in the protected area. Let them know what is
good for them and their future. Their life in a beautiful scenic environment is
helpful to their bodies, spirit, and culture.

The objectives of the middle range education program are to educate legislators
and government officers so that they will pass new laws and support the policies
related to bear conservation. It is necessary the facts and ecological knowledge to
legislators, law officers, and governments so that they can get rid of their fear and
negative attitude towards bears. We need to win their support for a larger budget
for supporting patrols, equipment, and manpower to stop hunting of wild bears.

Law Officers and Volunteers:

The next objectives of the education program in the middle range are to increase
the human and resource supports for those law officers, volunteers, school
teachers, and mass media for helping the conservation of the black bear. To those
policemen in National parks and highland areas who are currently responsible for
patrol and poaching control, it is necessary for the educators to teach them more
professional skills and more accurate and current knowledge on black bears. Itis
hoped that they can conduct more effective investigations, field management, and
remove quickly the traps set by the local people and lowland hunters. because the
conservation program needs to train volunteers for assisting field research,
conducting monitoring, education, law enforcement and habitat restoration.

Education System:
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The conservation program shall diffuse the conservation messages through formal
and informal education systems of the Island. It is necessary that more pre-service
and in-service training programs and curricula be planned, designed, and
implemented to increase the knowledge of teachers about the black bear. Itis
hoped that the citizen could learn more about what kind of behavior and life style
shall be needed if this generations wants to achieve a sustainable development
society. Our young generation needs to learn how to respect black bear habitats
and not to negatively affect their population, behavior and habitats.

The mass media are the most effective and fastest means for diffusing the
conservation message to the general public. The journalists shall be taught through
both pre-service and in-service programs. They have to learn more accurate
knowledge about bears and to gain concepts of natural resources conservation.
Their communication and reporting skills are definitely essential to this conservation
policy.

Long range Actions

The long range goals of the recommended conservation education program are to
educate the general public through effective communication tools, through
textbooks inside the formal education system, by posters, pamphlets, and
magazines in the non-formal system and by campaigns from non-governmental
agencies. The focus of education is not only to build up citizens with concepts of
Biodiversity conservation, animal rights, and earth rights but also to teach value
clarification and critical thinking skills which are fundamental to help them choose
appropriate ways for saving the Formosan black bear in the wild.
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Comments of Life Conservation Association Representative
1. About the Management of Formosan Black Bear Utilization

The Use of bear gall bladder or bear bile in Chinese Medicine is not absolutely
essential. Chinese herbal doctors and related government sections should seek other
herbs or non-animal products as substitutions.

The suggestion of using American Black bear gall bladder as substitution is to drink
poison to kill thirst. The increase in supply will only result in a higher market demand.
In mainland China, bear gall bladder is not only used in medicine, it is also used in
making soap, shampoo, etc. These are all explicit examples. When we materialize
the life of bear, the public will never learn to respect nature and wildlife. To Sacrifice
American black bear in order to save their counterpart Formosan Black bear is by no
means to drill the boat to catch a fish. Such idea is completely ignorant at the
concept of the global ecosystem. Moreover, the distinction of different species needs
more scientific backgrounds. Allowing the exploitation of other bears will only cause
a serious damage to the global ecosystem.

The so-called continuous use of surplus individuals lacks clear definitions, what does
that mean by surplus? Does it need and scientific research? Does "use" here mean
"massacre"? Please don’t draw a conclusion to anything that is not yet well defined.

When we are talking about the use of bear gall bladder, our focus only points to
Chinese medicine and market, but never turns to ecology, culture, tourism, and
education. [f the purpose of conserving Formosan Black bears is to save them from
being slaughtered and sold in Chinese medicine market, it will only reveal that the
Chinese feed culture of consuming wildlife as tonic is a shameful one.

2. About "The strategy” on Policy and Education

The culture of taking wildlife as tonic is the obstacle of wildlife conservation.
Therefore, the campaign of "Not to Eat, Not to Buy, Not to Wildlife Captive" will be a
thorough and practical social education.

"People are merciful." [f Chinese herbal doctors, Chinese herbal stores and everyone
can cherish the precious life of wildlife, and understand their importance in
maintenance the ecosystem and Biodiversities, one must be able to show concerns to
them and follow the main stream of wildlife conservation and protect Formosan Black
bear.

The real negative effect of Formosan Black bear conservation will come from those
paradoxical opinions, such as the use of American or Asiatic Black bear gall bladder
as substitutions, it is not only negligence of the national and global concerns over the
wildlife conservation but also putting oil on a burning lamp intensifying the pressure
of bear hunting.
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SUMMARY: Habitat protection alone is not sufficient if
the expressed goal of the World Conservation Strategy,
the maintenance of biotic diversity, is to be achieved.
Establishment of self-sustaining captive populations
and other supportive intervention will be needed to
avoid the loss of many species, especially those at
high risk In greatly reduced, highly fragmented, and
disturbed habitats. Captive breeding programmes need
to be established before species are reduced to
critically low numbers, and thereafter need to be
co-ordinated Intemationally according to sound
biological principles, with a view to the maintaining or
re-establishment of viable populations in the wild.

PROBLEM STATEMENT

IUCN data indicate that about 3 per cent of terrestrial Earth is gazetted for
protection. Some of this and much of the other 97 per cent is becoming un-
tenable for many species, and remaining populations are being greatly
reduced and fragmented. From modem population biology one can predict
that many species will be lost under these conditions. On average more
than one mammal, bird, or reptile species has been lost in each year this
century. Since extinctions of most taxa outside these groups are not
recorded, the loss rate for all species is much higher.

Certain groups of species are at particularly high risk, especially forms with
restricted distribution, those of large body size, those of high economic
value, those at the top of food chains, and those which occur only in climax
habitats. Species in these categories are likely to be lost first, but a wide
range of other forms are also at risk. Conservation over the long term will
require -management to reduce risk, including ex situ populations which
could support and interact demographically and genetically with wild popula-
tions.
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FEASIBILITY

Over 3,000 vertebrate species are being bred in zoos and other captive
animal facilities. When a serious attempt is made, most species breed in
captivity, and viable populations can be maintained over the long term. A
wealth of experience is available in these institutions, including husbandry,
veterinary medicine, reproductive biology, behaviour, and genetics. They
offer space for supporting populations of many threatened taxa, using
resources not competitive with those for in situ conservation. Such captive
stocks have in the past provided critical support for some wild populations
(e.g. American bison, Bison bison), and have been the sole escape from ex-
tinction for others which have since been re-introduced to the wild (e.g.
Arabian oryx, Oryx leucoryx).

RECOMMENDATION

IUCN urges that those national and international organizations and those in-

dividual institutions concemed with maintaining wild animals in captivity com-

mit themselves to a general policy of developing demographically self-sus- P i amo
taining captive populations of endangered species wherever necessary. T o

SUGGESTED PROTOCOL

WHAT: The specific problems of the species concemned need to be con-
sidered, and appropriate aims for a captive breeding programme made ex-
plicit.
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WHEN: The vulnerability of small populations has been consistently under-
estimated. This has erroneously shifted the timing of establishment of cap-
tive populations to the last moment, when the crisis is enormous and when
extinction is probable. Therefore, timely recognition of such situations is
critical, and is dependent on information on wild population status, particular-
ly that provided by the IUCN/Conservation Monitoring Centre. Management
to best reduce the risk of extinction requires the establishment of support-
ing captive populations much earlier, preferably when the wild population is
still in the thousands. Vertebrate taxa with a current census below one
thousand individuals in the wild require close and swift cooperation between
field conservationists and captive breeding specialists, to make their efforts
complementary and minimize the likelihood of the extinction of these taxa.

HOW: Captive populations need to be founded and managed according to
sound scientific principles for the primary purpose of securing the survival
of species through stable, self-sustaining captive populations. Stable cap-
tive populations preserve the options of reintroduction and/or supplementa-
tion of wild populations.

A framework of international cooperation and coordination between captive
breeding institutions holding species at risk must be based upon agreement
to cooperatively manage such species for demographic security and genetic
diversity. The IUCN/SSC Captive Breeding Specialist Group is an appror-
piate advisory body concerning captive breeding science and resources.

Captive programmes involving species at risk should be conducted primarily
for the benefit of the species and without commercial transactions. Acquisi-
tion of animals for such programmes should not encourage commercial ven-
tures or trade. Whenever possible, captive programmes should be carried
out in parallel with field studies and conservation efforts aimed at the
species in its natural environment.
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DRAFT GUIDELINES FOR RE-INTRODUCTIONS

INTRODUCTION

These policy guidelines have been drafted by the Re-introduction Specialist Group of the
IUCN’s Species Survival Commission’, in response to the increasing occurrence of re-
introduction projects world-wide, and consequently, to the growing need for specific policy
guidelines to help ensure that the re-introductions achieve their intended conservation
benefit, and do not cause adverse side-effects of greater impact. Although the IUCN
developed a Position Statement on the Translocation of Living Organisms in 1987, more
detailed guidelines were felt to be essential in providing more comprehensive coverage of
the various factors involved in re-introduction exercises.

These guidelines are intended to act as a guide for procedures useful to re-introduction
programmes and do not represent an inflexible code of conduct. Many of the points are
more relevant to re-introductions using captive-bred individuals than to translocations of
wild species. Others are especially relevant to globally endangered species with limited
numbers of founders. Each re-introduction proposal should be rigorously reviewed on its
individual merits. On the whole, it should be noted that re-introduction is a very lengthy
.. . and complex process.

YENEET
This document is very general, and worded so that it covers the full range of plant and
animal taxa. It will be regularly revised. Handbooks for re-introducing individual groups of
animals and plants will be developed in future.

1. DEFINITION OF TERMS

a. "Re-introduction": an attempt to establish a species? in an area which was once
part of its historical range, but from which it has become extinct’.
("Re-establishment” is a synonym, but implies that the re-introduction has been
successful). ’

b. "Translocation": deliberate and mediated movement of wild individuals or
populations from one part of their range to another.

C. “Re-inforcement/Supplementation”: addition of individuals to an existing population

' Guidelines for determining procedures for disposal of species

confiscated in trade are being developed separately by IUCN for CITES.

? The taxonomic unit referred to throughout the document is species: it
may be a lower taxonomic un1t (e.g. sub-species or race) as long as it can be
unambiguously defined.

* CITES criterion of "extinct": species not definitely located in the
wild durina the nast S0 vears. .
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of conspecifics.

"Conservation/Benign Introductions”: an attempt to establish a species, for the
purpose of conservation, outside its recorded distribution but within an appropnate
habitat and eco-geographical area.

AIMS AND OBJECTIVES OF THE RE-INTRODUCTION

Aims:

A re-introduction should aim to establish a viable, free-ranging population in the
wild, of a species or subspecies which was formerly globally or locally extinct
(extirpated). In some circumstances, a re-introduction may have to be made into an
area which is fenced or otherwise delimited, but it should be within the species’
former natural habitat and range, and require minimal long-term management.

Objectives:

The objectives of a re-introduction will include: to enhance the long-term survival of
a species; to re-establish a keystone species (in the ecological or cultural sense) in
an ecosystem; to maintain natural biodiversity; to provide long-term economic
benefits to the local and/or national economy; to promote conservation awareness;
or a combination of these.

Re-introductions or translocations of species for short-term, sporting or commercial
purposes - where there is no intention to establish a viable population - are a
different issue, beyond the scope of these guidelines. These include fishing and
hunting activities.

MULTIDISCIPLINARY APPROACH

A re-introduction requires a multidisciplinary approach involving a team of persons
drawn from a variety of backgrounds. They may include persons from: governmental
natural resource management agencies; non-governmental organisations; funding
bodies; universities; veterinary institutions; zoos (and private animal breeders) and/or
botanic gardens, with a full range of suitable expertise. Team leaders should be
responsible for coordination between the various bodies and provision should be
made for publicity and public education about the project.

PRE-PROJECT ACTIVITIES
BIOLOGICAL

Feasibility study and background research
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An assessment should be made of the taxonomic status of individuals to be
re-introduced. They must be of the same subspecies as those which were
extirpated, unless adequate numbers are not available. An investigation of historical
information about the loss and fate of individuals from the re-introduction area, as
well as molecular genetic studies, should be undertaken in case of doubt. A study
of genetic variation within and between populations of this and related taxa can also
be helpful. Special care is needed when the population has long been extinct.

Detailed studies should be made of the status and biology of wild populations (if
they exist) to determine the species’ critical needs; for animals, this would include
descriptions of habitat preferences, intraspecific variation and adaptations to local
ecological conditions, social-behaviour, group composition, home range size, shelter
and food requirements, foraging and feeding behaviour, predators and diseases. For
plants it would include biotic and abiotic habitat requirements, dispersal
mechanisms, reproductive biology, symbiotic relationships (e.g. with mycorrhizae,
pollinators), insect pests and diseases. Overall, a firm knowledge of the natural
history of the species in question is crucial to the entire re-introduction scheme.

The build-up of the released population should be modelled under various sets of
conditions, in order to specify the optimal number and compaosition of individuals to
be released per year and the numbers of years necessary to promote establishment
of a viable population.

A Population and Habitat Viability Analysis will aid in identifying significant
environmental and population variables and assessing their potential interactions,
which would guide long-term population management.

Previous Re-introductions

Thorough research into previous re-introductions of the same or similar species and
wide-ranging contacts with persons having relevaiit expertise should be conducted
prior to and while developing re-introduction protocol.
Choice of release site

Site should be within the historic range of species and for an initial re-inforcement -
or re-introduction have very few, or no, remnant wild individuals (to prevent disease
spread, social disruption and introduction of alien genes). A conservation/ benign
introduction should be undertaken only as a last resort when no opportunities for

re-introduction into the original site or range exist.

The re-introduction area should have assured, long-term protection (whether formal
or otherwise). °

Evaluation of re-introduction site

Availabilitv of suitable habitat: re-introductions should only take place where the
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habitat and landscape requirements of the species are satisfied, and likely to be
sustained for the for-seeable future. The possibility of natural habitat change since
extirpation must be considered. The area should have sufficient carrying capacity to
sustain growth of the re-introduced population and support a viable (self-sustaining)
population in the long run. .

Identification and elimination of previous causes of decline: could include disease;
over-hunting; over-collection; pollution; poisoning; competition with or predation by
introduced species; habitat loss; adverse effects of earlier research or management
programmes; competition with domestic livestock, which may be seasonal.

Where the release site has undergone substantial degradation caused by human

activity, a habitat restoration programme should be initiated before the re-
introduction is carried out.

Availability of suitable release stock

Release stock should be ideally closely-related genetically to the original native
stock.

If captive or artificially propagated stock is to be used, it must be from a population
which has been soundly managed both demographically and genetically, accordmg
to the principles of contemporary conservation biology.

Re-introductions should not be carried out merely because captive stocks exist, nor
should they be a means of disposing of surplus stock.

Removal of individuals for re-introduction must not endanger the captive stock
population or the wild source population. Stock must be guaranteed available on a
regular and predictable basis, meeting specifications of the project protocol.

Prospective release stock must be subjected to a thorough veterinary screening
process before shipment from original source. Any animals found to be infected or
_which test positive for selected pathogens must be removed from the consignment,
and the uninfected, negative remainder must be placed in strict quarantine for a
suitable period before retest. If clear after retesting, the animals may be placed for
shipment.

Since infection with serious disease can be acquired during shipment, especially if
this is intercontinental, great care must be taken to minimize this risk.

Stock must meet all health regulations prescribed by the veterinary authorities of the
recipient country and adequate provisions must be made for quarantine if necessary.

Individuals should only be removed from a wild population after the effects of
translocauon on the donor populatlon have been assessed, and after it is guaranteed
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SOCIO-ECONOMIC AND LEGAL ACTIVITIES

Re-introductions are generally long-term projects that require the commitment of
long-term financial and political support.

Socio-economic studies should be made to assess costs and benefits of the
re-introduction programme to local human populations.

A thorough assessment of attitudes of local people to the proposed project is
necessary to ensure long term protection of the re-introduced population, especially
if the cause of species’ decline was due to human factors (e.g. over-hunting,
over-collection, loss of habitat). The programme should be fully understood,
accepted and supported by local communities. .

Where the security of the re-introduced population is at risk from human activities,
measures should be taken to minimise these in the re-introduction area. If these
measures are inadequate, the re-introduction should be abandoned or alternative
release areas sought. .

The policy of the country to re-introductions and to the species concerned should
be assessed. This might include checking existing national and international
legislation and regulations, and provision of new measures as necessary.
Re-introduction must take place with the full permission and involvement of all
relevant government agencies of the recipient or host country. This is particularly
important in re-introductions in border areas, or involving more than one state.

If the species poses potential risk to life or property, these risks should be minimised
and adequate provision made for compensation - where necessary; where all other
solutions fail, removal or destruction of the released individual should be considered.
In the case of migratory/mobile species, provisions should be made for crossing of
international/state boundaries.

PLANNING, PREPARATION AND RELEASE STAGES -

Construction of a multidisciplinary team with access to expert technical advice for
all phases of the programme.

Approval of all relevant government agencies and land owners, and coordination
with national and international conservation organizations.

Development of transport plans for delivery of stock to the country and site of
re-introduction, with special emphasis on ways to minimize stress on the individuals
during transport.

Identification of short-and long-term success indicators and prediction of programme
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Securing adequate funding for all programme phases.

Design of pre- and post- release monitoring programme so that each re-introduction
is a carefully designed experiment, with the capability to test methodology with
scientifically collected data.

Appropriate health and genetic screening of release stock. Health screening of
closely related species in re-introduction area.

If release stock is wild-caught, care must be taken to ensure that: a) the stock is
free from infectious or contagious pathogens and parasites before shipment and b)
the stock will not be exposed to vectors of disease agents which may be present
at the release site (and absent at the source site) and to which it may have no
acquired immunity.

If vaccination prior to release, against local endemic or epidemic diseases of wild
stock or domestic livestock at the release site, is deemed appropriate, this must be
carried out during the “Preparation Stage” so as to allow sufficient time for the
development of the required immunity.

Appropriate veterinary or horticultural measures to ensure health of released stock
throughout programme. This is to include adequate quarantine arrangements,
especially where founder stock travels far or crosses international boundaries to
release site. ‘

Determination of felease strategy (acclimatization of release stock to release area;
behavioural training - including hunting and feeding; group composition, number,
release patterns and techniques; timing).

Establishment of policies on interventions (see below).

Development of conservation education for long-term support; professional training
of individuals involved in long-term programme; public relations through the mass

media and in local community; involvement where possible of local people in the
programme. i

The welfare of animals for release is of paramount concern through all these stages.

POST-RELEASE ACTIVITIES

Post release monitoring of all (or sample of) individuals. This most vital aspect may

be by direct (e.g. tagging, telemetry) or indirect (e.g. spoor, informants) methods as
suitable.

Demographic, ecological and behavioural studies of released stock.



° Study of processes of long-term adaptation by individuals and the population.

° Collection and investigation of mortalities.

° Interventions (e.g. supplemental feeding; veterinary aid; horticultural aid) when
necessary.

° Decisions for revision, rescheduling, or discontinuation of programme where
necessary.

o Habitat protection or restoration to continue where necessary.

° Continuing public relations activities, including education and mass media coverage.

] Evaluation of cost-effectiveness and success of re- introduction techniques.

] Regular publications in scientific and popular literature.
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IUCN' POLICY STATEMENT ON RESEARCH
INVOLVING SPECIES AT RISK OF
EXTINCTION -

PROLOGUE

IUCN holds that all research on or affecting a threatened
species carries a moral responsibility for the preservation or
enhancement of the survival of that species. Conservation of
the research resource is clearly in the interest of the
researchers.

TUCN recognizes that the taking and trading of specimens of
threatened species are covered by international agreements
and are normally included in national legislation which
provides authorized exemptions for the purpose of scientific
research.

Basic and applied research is critically needed on many
aspects of the biology of animal and plant species at risk of
extinction (e.g. those listed by IUCN as Vulnerable, Rare, -
Endangered, or Indeterminate) to provide knowledge vital to
their conservation.

Other scientific interests may involve the use of threatened
species in a wide variety of studies. Taking into account the
importance of many kinds of research, as well as potential
threats such species could be subject to in such activities,
IUCN, after careful consideration, adopts the following
statements as policy. '



POLICY

IUCN encouragés basic and applied research on threatened
species that contributes to the likelihood of survival of those
species.

When a choice is available among captive-bred or propagated,
wild-caught or taken, or free-living stock for research not
detrimental to the survival of a threatened species, IUCN
recommends the option contributing most positively to
sustaining wild populations of the species.

IUCN recommends that research programmes on threatened
species that do not directly contribute to conservation of the
species should acknowledge an obligation to the species by
devoting monetary or other substantial resources to their
conservation, preferably to sustaining populations in the
natural environment.

Whether animals involved are captive-bred, wild-caught, or
free living, or whether plants involved are propagated, taken
from the wild, or in their natural habitat, IUCN opposes
research that directly or indirectly impairs the survival of
threatened species and urges that such research not be
undertaken.

PROTOCOLS

In this context [IUCN urges researchers to accept a personal
obligation to satlsfy themselves that the processes by which
research specimens are acquired (including transportation)
conform scrupulously to procedures and regulations adopted
under international legal agreements. Further, researchers
should adopt applicable professional standards for humane
treatment of animal specimens, including their capture and
use in research.



IUCN wurges that any research on threatened species be
conducted in conformity with all applicable laws, regulations
and veterinary professional standards governing animal
acquisition, health and welfare, and with all applicable
agricultural and genetic resource laws and’ regulations
governing acquisition, transport, and management of plants.
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Figire 10. Managed migration among subpopulations 10 sustain gene flow in a metapopulation.
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Figure 11. The use of captive populations as part of a metapopulation to expand and protect the
gene pool of a species.
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