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SUMMARY OF CONCLUSIONS

A. On sika deer conservation needs
This report is mainly an evaluation of the sika deer
reintroduction plan of Yangmingshan National Park.
Because some of the evaluations are based on an overall
sika deer conservation needs. We drafted a recovery
program, introducing the basic concepts of sika deer
conservation, the key considerations of metapopulation
concept, the significance of genetic management, dis-
cussed the habitat, distribution, ecology of sika deer,
the management of its populations and habitat, and
proposed the following recommendations for its conserva-
tion:.
1. The problem of the sika deer’s legal status must be
properly solved.
2. An overall conservation and management plan should be
drafted urgently.
3. It is necessary to analyze mtDNA to establish the
original Taiwan stock, and its genetic diversity.
4. Maintain at least 4 spearate subpopulations to be
managed by metapopulation methods.
5. Maintain a population of at least 500 individuals. 6.
6. Pursue the restoration program cautiously and incre
mentally.
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Concerning sika deer reintroduction of Yangmingshan
National Park:
Based on metapopulation principles, Yangmingshan
National Park is not the best location for establish
ing a fourth subpopulation, because of its proximity
to the Taipei Zoo.
Because suitable habitat is limited, Yangmingshan
National Park has very little potential for the future
expansion of sika deer population. Thus it is not the
best location for reintroduction of. sika deer.
. When evaluating whether to reintroduce sika deer into
the park, one should examine the suitability of the
climate and habitat, the presence of wild dogs as
predator and a population control mechanism, the
quantity of available food, the potential ecological
impact including whether it is acceptable if the plant
community is altered. When selecting a release site,
the accessibility and suitability of the site, its
gsize, and the ease of tourist management in this
location should be considered.
The sika deer release experience of Green Island
should be used as a reference.
Before reintroduction, Yangmingshan National Park
should have plans for contagious diseases management,
deer population management, and a commitment to fund
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this program as long as it is necessary.
I1f Yangmingshan National Park decides to proceed with
the reintroduction program, it should plan carefully
and be commitment to the proper management of this
subpopulation, so it is a functional part of the
metapopulation program.

Proper habitat monitoring schemes should be estab-
lished at the onset of reintroduction program.

Wild released deer should be tracked carefully to
monitor their movement patterns and survival.
Because the environmental conditions of Yangmingshan
National Park is not the most suitable for sika deer,
deer should be kept in pens instead of released into
the wild.

Concerning deer population management:

If Yangmingshan National Park decided to reintroduce
sika deer into the park, it should obtain deer from
stock proven to-be the original Taiwan subspecies. If
the genetic diversity of the Kenting deer herd is
proven to be decreasing, Yangmingshan National Park
should obtain deer from other sources.

. Yangmingshan National Park can learn deer keeping and
breeding techniques from managers of the Kenting herd.
However, active breeding management should be conduct
ed to ensure every adult male breeds. Detailed
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breeding records should be kept for every deer.
. Design suggestions for the enclosure at Lu-chueh-ping
is provided.
. The habitat needs of sika deer is estimated to be 70%
forest with 30% grassland. The carrying capacity of
the forest should be followed when determining the
carrying capacity of a site for sika deer.
The carrying capacity of Lu-chueh-ping for sika deer
is estimated to be 50 deer. Water buffalo is recom-
mended as the second herbivore which can assist in
keeping the grassland open. Becausge the number of deer
Lu-chueh-ping can supporﬁ igs limited, population
management will be necessary in the future. The
remoteness of the site, the high cost necessary to
establish a deer herd there, and potential tourist
interferences should all be planned for.
Recommendations for the management of existing
subpopulations:
DNA analysis should be conducted on the Kenting deer
herd to determine its purity._Before the purity is
known, release of captive bred individuals. should be
halted. If this deer herd is found to be not pure,
future release should be prevented. Analysis should be
made to determine whether captive breeding should be
continued or whether birth control methods should be
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practiced. Monitoring of wild populations and the
reactions of the plant community should be emphasized
in the future.

2. Green Island deer population should alsoc be anlyzed to
determine its purity. Because the Hsiang Office is
short of funds, perhaps the Council of Agriculture or
the East Coast Scenic Area Office should play a more
active role in sika deer management here. Recommen-

dations are made on the management of deer' damage to

crops. Ecotourism may be the most promising way to
accomplish the dual goal of deer . conservation and

increasing local welfare.
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PART I: SIKA DEER CONSERVATION NEEDS

Overview

Successful conservation efforts are needed to serve
as models for continuing conservation efforts, particu-
larly those for all biodiversity, which is much broader,
and less well understood. All species are of conserva-
tional importance and interest, but the realities of
economic and cultural symbolism of some species cannot be
ignored. If one can conserve a few, high-profile species,
saving all biodiversity should be more convincing to the
public. Furthermore, the process of saving a few high-
profile spe-cies frequently  ensures the safety of
numerous other less noticable sympatric species.

The main reasons for preserving the Taiwan sika deer
(Cervus nippon taiguanus) are its original importance in
the Island’s fauna, and its historic significance as a
currency {(for the payment of taxes) during the early
settlement of Taiwan. It and the landlocked salmon have
been flagship species in the efforts to conserve wildlife
in Taiwan. The Taiwan sika deer is an endemic subspecies
which evolved in isolation for about 10,000 years since
the closing of the last landbridge between the island and
mainland China which separated it from other sika deer

stocks.
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The Taiwan sika deer should be preserved by estab-
lishment of a population of deer of sufficient numbers
and distribution to prevent extinction. Efforts to
congerve this species have been on-going since 1984. The
criticism that too much wmoney has been spent on the
conservation of two species (sika deer and salmon) at the
expense of the broader conservation of Taiwan’s biodiver-
sity is valid as far as it goes. But it begs the question
of whether the funds would have been made available for
other general conservation efforts; most human societies
around the world have found that whereas funds can be
generated for conservation of a few well known, popular
species, it often is difficult, at least in the early
stages of conservation, to generate funds to conserve a
diversity of wildlife of dubious value to an unsensitized
public.

Given these considerations, it is paramount that the
hard obtained public funds be spent properly and the sika
~deer restoration project be conducted in the most
scientifically sound way. Thus, this project, as initiat-
ed by Yangmingshan National Park, aims to evaluate the
accomplishments of the past ten years and to suggest
future strategies for sika deer conservation as a whole,
and to Yangmingshan National Park in particular.

In our. view, the Taiwan sika deer conservation
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program should have three specific goals:

1. Maintain sufficient population size to avoid
extinction in a fluctuating environment.

2. Maintain the population in at least 4 geographi-
cally separated areas. This goal is necessary because one
single reserve large enough to contain a long term viable
population of sika deer in no longer available in Taiwan;
it is desirable because separation of subpopulations
" reduces the likelihood of catastrophic loss to disease,
or environmental stochasticity (fire, typhoon, etc.).

3. Identify original genetic stock of Taiwan sika
deer and base conservation efforts on this stock. Within
the original stock, manage to retain genetic diversity.
This will require metapopulation management apprdaches

using small population genetic ideas.

BACKGROUND AND THEORETICAL CONSIDERATIONS

1. Population ‘Models

The assessment of risk of extinction has been
explored through mathematical modeling because we do not
have enough cases of documented decline and extinction of
populations to depend on empirical evidence. Usually,
extinction of vertebrate species has been discovered
after it has occurred, or when the population is already

extremely low (often with no chance of recovery).
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Therefore, we need to rely on models that can vary birth,
death, immigration, emigration, sex ratio, and other
parameters to do a population viability analysis (PVA).

Most species in nature show variation in these
population parameters of greater or lesser amount
depending upon the predictability and stability of the
environment. Such variation is of less concern when a
species is widespread and abundant. Not all parts of such
a range are equally affected by environmental stochasity
and, consequently, some areas do well at the same time
that others decline. However, as numbers decline, and as
the population is isolated to one of a few areas,
variation becomes increasingly important; thus, variation
(stochasticity) must be assigned to mean population
parameters in the PVA model.

In PVA models, sStochasticity is wusually of two
kinds: environmental, i.e. that due to variation in plant
growth, rainfall,  temperature, predation, etc., and
demographic, i.e. that due to unbélanced sex ratio,
accidental mortality, £failure to find a wmate, etc.
Demographic stochasticity becomes increasingly important
as the population becomes small because chance plays a
bigger role, not being averaged out over large numbers.
2. Maintain a Sufficient Population Size

Early models of population viability gave relatively
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optimistic estimates of numbers of large 'vertebratés
nécessary for survival (Gavin 1978, McCullough 1978,
Shaffer 1981, 1983). These values fell in the range of
several hundred, and with a margin of error, 500 was
commonly cited as a rule of thumb. However, more recent
models are much more pessimistic in their predictions,
calling for numbers in excess of 1,000 (Lande 1993). Why
are estimates of numbers necessary for viability increas-
ing? The models vary in structure, so direct isolation of
the reasons are complex. But more generally, the causes
are: (1) greater emphasis on small, rapidly-reproducing
organisms with short life expectancies and rapid popula-
tion turnover ("r-selected species") whereas early models
involved long lived, slowly reproducing species with slow
population turnover ("K-selected species"); (2) down
playing or ignoring density dependence which is unimpor-
tant in r-selected species but much more important in K-
selected species; (3) greater emphasis on catastrophic
events (infrequent, severe environmental wvariation of
extreme conseguence to reproduction and survival) such as
fires, floods, droughts, extremes of heat or cold,
outbreaks of epizootic diseases, etec.; and (4) simula-
tions over long time scales in hundreds or thousands of
years.

The choice of species for early modeling reflected
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the emphasis first placed on the large, evocative species
with which people could identify, sometimes referred to
as "charismatic megafauna". The view of these modelers
was that of wildlife managers, what Caughley (1994)
referred to as the "declining population paradigm", in
which correction of factors causing the species to
decline was the approach taken. Because management was
viewed as an ongoing activity, saving a species over 30
to 50 years was seen as satisfactory, because further
management measures or adjustments were agsumed to be
possible in the future, and economic and societal changes
would result in differenﬁ circumstance in any event.
Planning on a longer time frame was presumed to be
unrealistic.

The recent view of modelers (usually conservation
biologists), referred to as the "small population
paradigm" by Caughley (1994), is a single interventionist
approach which seeks one solution that will apply over
the long term. Thus, this approach asks, "what size of
reserve will protect sufficient habitat to maintain a
minimum viable population of the species with no new
interventions necessary for an infinite time?"

History has proceeded to the point where the latter
approach is no longer feasible for the Taiwan sika deer.
Thus, continuing management will be required, although
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planning should attempt to minimize such costs in future,
and use natural processes to the maximum extent possible.
Through continuing management, fewer numbers can be
maintained and still have the same population viability
as the c¢reation of large reserves that afford total
protection but no other management. And, the sika deer is
a K-selected species, so in most regards the earlier,
more conservative estimates of 500 individuals is
probably sufficieﬁt.
3. Maintain Separate Areas

One means of substantially reducing the minimum
numbers of a population to achieve wiability is to have
separate areas, each containing a part of the total
population. This is the strategy of not puttingrall of
your eggs in one basket. Because infrequent catastrophic
events are a major. contributor to the high numbers
predicted by recent PVA models, these problems can be
lessened by having separate areas sufficiently distant
from each other to prévent a catastrophe from affecting
all areas equally. For contagious diseases spread by
contact, the areas have to be far enough apart to prevent
animal dispersal between the areas, thus preventing
transmission. For climatic variables, the areas need to
be separated far enough that the same fire, drought, or
whatever will not affect all of the areas equally; in
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other words, the environments between the several areas
are not correlated. Ideally, each of the areas would be
completely independent, but thié demanding criterion is
hard to meet in practice. Nevertheless, to be useful, the
separate areas need to be differentially affected by the
catastrophe so that even if some areas are devastated,
and the subpopulations in those areas go to extinction,
subpopulations in other areas will survive, and can
furnish seed for reintrdduction once the environment in
the extinct areas has recovered sufficiently to support
the species. Thus, a species maintained in a number of
geparate areas will be immune to total extinction even if
some subpopulations go to extinction periodically. This
approach allows a substantially smaller number of
individuals in order for the population to be viable over
the long term.

The "metapopulation" is the best paradigm about
which to think about and plan such a system of separate
areas. The theory of metapopulations was summarized by
Gilpin and Hanski (1991) and the practical applications
explored by McCullough (19%6a). The basic idea of a
metapopulation is that the population occurs in patches
of favorable habitat in a matrix of unfavorable habitat:
subpopulations in given patches may go to extinction, but
over time, will be recolonized by dispersers from other
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patches. Not all patches will be occupied at any point in
time, but if the rate of extinction is low relative to
the rate of recolonization, the metapopulation will
persist and be relatively stable even though any given
patch of habitat will suffer extinction periodically, and
thus be unstable.

In managed metapopulations, as in the recovery of
species such as the Taiwan sika deer, dispersal and
recolonization, selection of number and 'placement of
patches, etc. are performed by the manager (McCullough
1996b) . In contrast to natural metapopulations in which
random chance plays a large role, the manager purpocseful-
ly reduces the probability of patch extinction, recolo-
nizes quickly if extinctions occur,. and otherwise
intelligently increases the viability of the species.
Thus, much simplified systems can be maintained by
management . Viability can be maintained in fewer patches
than regquired for natural metapopulations subject to the
vagaries of nature.

On the other hand, dividing the population into
subpopulations results in many small populations instead
of one large one, and this has consequences for loss of
genetic diversity, the risk of which is much greater in
small populations. It is important, therefore, in
managing "dispersal" between subpopulations by relocation
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that genetic diversity be addressed in selection of
stock, and deciding numbers and locations of animals to
be moved. This of course means conservation agencies must
make permanant commitments to the proper management of
the metapopulations for the long term good of the
species, and the management programg of the various
subpopulations must be coordinated as parts of a whole,
instead of being independent of each other.

4. Genetic Considerations

There are two basic questions about the genetics of
sika deer in Taiwan. First, are there genetic markers
that can be used to identify pure, original Taiwan sika
deer, and second, what is the genetic diversity in the
remaining pure stock? It is intuitively obvious that the
first question must be answered before the second
question can be addressed. Therefore, although DNA
studies can proceed simultaneously on both questions, the
results on which stocks are pure Taiwan deer are needed
before it can be determined how much genetic diversity
that stock has retained.

Answers to both questions are necessary to the
development of a detailed management plan for Taiwan sika
. deer. Because the subspecies has been extinct in the wild
since the late 1960s (McCullough 1974) the sika deer
program 1is a recovery program. As such it has many
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concerns with genetic bdttleneck, founder effects, and
possible interbreeding with stock from outside of Taiwan.
Consequently, genetics must be part of the basis upon
which conservation and recovery of the subspecies is
based. Numerical recovery of the subspecies and genetic
conservation must proceed hand in hand.

A. Rationale for Genetic Management

It is important that the reasons for genetic manage-
ment of sika deer be understocod so that recovery plans
and money spent can be directed along sound lines, and
not follow simple expediency. Often the quest for rapid
numerical increase in numbers comes into conflict with
sound genetic management, - which may require caution,
patience, and the exclusion of some‘individuals from the
program for genetic reasons. The goals and requirements
of genetic management, therefore, must be clearly
recognized.

Why be concerned about using only pure Taiwan stock
in the recovery program? One reason is that that stock
should be best adapted to the local environment. The
second one is it is a piece of the evolutionary history
of the island.

1) Over eons, generations of sika deer have been subject-
ed to natural selection, and those individuals best fit
to survive in the Taiwén environment were selected. These
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fitness trials were continued over some 19,000 years at
minimum (the closure of the latest landbridge, and
perhaps longer since fossil sika deer havé been found
from the Pliocene) (Patel et al. 1989). It seems reason-
able that such refinement and fine-tuning of the local
sika deer stock to the local environment has produced a
unigque, superior genetic deme.

QOver its rangé the sika deer has evolved into 13
subspecies (Wang 1985), including 7 on former landbridge
islands in Japan and Taiwan. The sika deer i1s unusual
among deer in the high number of different island
subspecies it contains. The subspecies on Taiwan probably
never occurred in a small population size that could
result in genetic drift, because Taiwan is a continental
island which was connected to the Asian mainland in the
Pleistocene, and the sika deer was continuously distrib-
uted across the range of the gspecies. The c¢losing of the
landbridge byvthe gradual rise in sea level, therefore,
isolated a substantial population of sika deer on the
island. When the first Europeans arrived in Taiwan in the
1500s the sika deer was widespread and abundant--so much
so that their hides were a major form of currency, being
used to pay taxes, and were an important export product.
Given this history of origin, Taiwan sika deer should be
uniguely adapted through natural selection to the

75



ecological conditions of Taiwan. Basing the recovery
program on the original stock, therefore, has ecological
and evolutionary advantages.

This does not mean that other stocks of sika deer

would not be able to survive in Taiwan. Indeed, they well
may thrive here. But adaptation includes response to
periodic challenge by irregular events, and an apparently
successful stock in the short term may fail under long
term conditions that include the periodic challenges. In
any event, the original Taiwan stock will be best adapted
over the long term, and conservation, by definition, is
a long-term activity.
2) A second reason for using pure stock is largely philo-
sophical. The evolution of ‘a subspecies is the unique
outcome of a particular history. It will never be
repeated. Once a certain lineage is lost it can never be
recreated. The Taiwan sika deer is a piece of Taiwan
history much like a rare antique vase. There is only
one. We may be able to make a copy of the original, but
a fake vase has no value as an antique. Like precious art
objects, genetic stocks have value especially because
they are original. Protecting the sika deer that is
unigque to Taiwan should be the properlconservation goal.
Only if pure stock is no longer available should unpure
stock be considered.
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B. Maintaining Genetic Diversity

How to maintain genetic diversity is the second
genetic issue to consider. Diversity is rapidly lost in
small populations, and in the selection of stocks for
reintroduction, which applies to sika deer in Taiwan.
Also, the length of time a population is low influences
genetic loss. Bottlenecks (i.e. a low in population
numbers in the past} and founder effects (genes retained
by translocated subsamples of a population) are one-time
events. They result from the luck of the draw. But
gradual gene loss continues so long as the population
remains small (Denniston 1978).

The major reason for trying to retain diversity is
the unknown consequences of failure to do so. We are
still in the early stages of understanding conservation
genetics, and there is much we do not know. What are the
consequences of loss of genetic diversity? The major
short term concern is inbreeding depression--the loss of
fitness and expression of deleterious genes (Ralls et al.
1979, 1988). In the tule elk and other Cervus speciesg,
inbreeding frequently causes the occurrence of "hairlip",
which is é genetic birth defect due to a double recessive
trait. Two cases of this has been reported in the Kenting
Breeding Facility {Wu et al. 1992). However, since there
were only two cases among the many births in the Kenting
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facility (Pan Min-Hsiung personal communication), it has
not been much of a problem.

A second, long term concern is the loss of alleles
that confer advantage to withstand periodic challenges,
such as epizootic diseases. However, the total number of
Taiwan sika deer that can be maintained is likely to be
too few for the occurrence of rare alleles, by chance, to
convey this protection. Natural resistance to (for
example) viral diseases occurred in European rabbits
(Oryctolagus cuniculug) against myxomatosis in Australia,

or wildebeest (Connochaetes taurinug) against rinderpest

in Africa. However, rabbits in Australia occurred in the
millions, and wildebeest in the hundreds of thousands, so
there was a good chance of naturally resistant genés to
occur by chance. Such numbers are unrealistic for sika
deer in Taiwan, and it is unrealistic'to expect this to
work for sika deer in Taiwan.

Aldo Leopold (1949) observed that the first rule of
intelligent tinkering is to save all of the pieces. In
this spirit, not only the original genome, but as much of
it as possible should be conserved. Therefore, genetic
concerns should be included in restoration efforts. It is
not known how much genetic diversity of the original
Taiwan sika deer population has been retained by the
current stock. Perhaps most diversity already has been
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lost because of low numbers and.founder effects in the
past. In this case, genetic diversity can be ighored in
management . However, judging from the results on a
species in the same genus, the tule elk (Cervus elaphus
nannodes, McCullough 1996b), which has a similar history,
we would expect some level of genetic diversity still
present in sika deer stocks. Management decisions should
be guided by genetic considerations unless it ig verified
that no diversity is present. Diversity needs to be
measured by molecular techniques such as DNA microsatal-

lites (Roy et al. 1994).

BRIEF HISTORY OF SIKA DEER IN TAIWAN

Sika deer spread to Taiwan at least as early as the
Pliocene across landbridges {(Patel et al. 1989}, and
subsequently were isolated by rising sea levels, perhaps
about 10,000 years ago. Sika deer is a lowland species,
occurring most, commonly below 300 meters (Kano 1940,
McCullough 1974) . These deer were extremely abundant on
the southwestern coastal plains, but occurred commonly
throughout the island in the lower valleys (Su 1985).

Because of their abundance, sika deer were heavily
hunted, and their hides were a major fofm of currency in
the early period of European occupation; thousands of

hides were collected as taxes and tribute, and exported
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to foreign markets (Patel et al. 1989, Chiang 1987).
Betweep the heavy kill for hides and conversion of its
habitat to agriculture, the sika deer abundance and
distribution declined rapidly. Its preferred habitat was
prime land for culture of rice and other high-value
crops. In fact, maps of the original distribution of sika
deer habitat (Su 1985, Fig. 1) and those of rice produc-
tion (Severinghaus 1989, Fig. 1.4) are virtually identi-
cal.

Few references to sika deer are available between
the time of the early hide trade and recent decades. It
seems probable that deer disappeared from the western
plains first (because of high. human populations and
habitat conversion), and subsequently in the mountain
valleys in the northern part of the island where develop-
ment and urban areas were concentrated. KXano (1940)
reported sika deer still occurred in the Snow Mountains
in the late 1930s, but this area is somewhat remote in
those days. By the 1960s, Ruhle (1966) reported that they
were confined to some areas of the east coastal moun-
tains. Despite an intensive search in 1973, McCullough
{(1974) could find no sika deer in the wild. The last
known record of a sika deer in the wild was one killed in
1969. He concluded that the deer was extinct in the wild,
but fortunately deer had been raised in captivity for the
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antler market, and a population was being kept in the
Taipei Zoo. He recommended that a captive breeding
program be established in the Kenting area. This facility
was subsequently started in 1984, and served as the major

conservation effort for sika deer over the next decade.

HABITAT RELATIONSHIPS OF THE SIKA DEER

Over most of its range, the sika deer is adapted to
utilize disturbed areas in forests or other climax
vegetation that provides cover to the deer. Thus, it is
a subclimax adapted species. Sika deer can survive in
climax vegetation, but only at very low density. The sika
deer is a mixed feeder, consuming a wide array of
grasses, forbs, and woody browse (Hsia 1990). It is not
restricted to a given set of plants, but rather can use
an enormous ranges oOf species so long as the nutrient
content is reasonable and the defensive compounds not too
prevalent.

Based on knowledge of other species of deer, sika
deer would seek out the highest quality forages available
to them at any time. They are selective feeders, and feed
on the move, taking a bite here and there, thereby mixing
plants in the diet to achieve a balanced nutrition.
During rapid plant growth, when rainfall and temperatures

are favorable, deer eat predominately herbaceous vegeta-
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tion (grasses and forbs). During the green growthjphase
these plants have relatively high nutrient content and
low fiber content. Duriﬁg dry periods, or other times
when herbaceous vegetation is slow growing or dormant,
deer shift to greater amounts of leaves and twigs from
woody species (browse) which retain their nutrients
contents better across the seasons (Sampson and Jepersen
1963, McCullough 1969, McCullough and Ullrey 1885) . Under
food stress, usually due to too many animals, 'they also
scrape bark with their incisors from small forest trees
that have thin barks and thick cambium-phloem layers.
These tree species are usually the rapidly growing
species that are typical of early stages of reestablish-
ment of trees on disturbed sites. They are usually
replaced by more slowly growing tree species that
constitute the mature forest, and in that sensge, unless
deer density is teo high, this feeding is not 80 ecologi-
cally damaging since it often hastens return of the
mature forest. Nevertheless, it does alter vegetation to
be less favorable to sika deer. Some bark scraping can
occur at low density as well, as the deer sample forages
that are available, 5ut prevalent scraping usually occurs
when other foods are scarce or unavailable.

Based on our best judgements, sika deer should be
predominantly an "edge" species, reaching greatest abun-
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dance where disturbance areas are interspersed with
various stages of forest vegetation. The herbaceous layer
of disturbed areas produce the highest gquality and
greatest biomass of forage. The secondary forests are
rich in woody species with good browse and concealment
cover from predators. Mature forests with closed canopies
furnish cool shady sites with good vantage points to see
predators in the more open understories. Such sites are
preferred for bedding during the day to rest'and rumi-
nate. The usual daily cycle is to feed during morning and
evening (Wang 1985) in open areas, and to bed during the
day in the fbrests.

In the coastal plains of the original distribution,
gika deer most likely used dense miscanthus grasslands
and shrubby woody vegetation instead of forests for
resting cover. Sika deer, in fact, are not dependent upon
forests per se, but can use other kinds of vegetation
that furnish' the requisite shade and concealment.
Similarly, where herbaceous vegetation grows year round--
for example if rainfall occurs in all seasons, or along
ponds and streams--sika deer are less dependent on woody

browse.

COMPARISON TO AN ECOLOGICAL COUNTERPART

A well-studied species that is a close ecological
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counterpart to the sika deer--and thus a useful model--is
the white-tailed deer {Odocoileug virginianug) in North
America, particularly in the southeastern U.S. Most of
the feeding ecology, behavior, and habitat relationships
of these two species are quite similar, and until further
research is available on sika deer in Taiwan, the white-
tailed deer literature will be a useful guide.

The similarities have been apparent from earlier
work (McCullough 1974) and from our recent examination of
sika deer ecology at Kenting National Park and Green
Island. At Kenting Park deer that have been released from
the pens are occupying afeas on the fringes of disturbed
areas, either former agricultural fields or current water
buffalo and goat pastures. Deer feed in these openings at
night and bed during the day in the surrounding forests.
Deer still in the pens are lacking in sufficient grass-
land or disturbed vegetation, and thus are having a
relatively heavy impact on forest vegetation. On Green
Island, greatest densities of sika deer are found around
water buffalo pastures and crop fields where théy feed at
night, and retreat to adjacent forests to bed during the
day. Sika deer sign occurs throughout the iSland, but is
sparse in the forested areas in the center of the island.
These areas are lacking disturbed patches attractive to
deer. Deer occur in small social groups (typically 5 or
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less), and tend to feed on the edge of clearings within
50 meters of the forest cover. It they venture out
further, they usually form temporary groups of larger
size by the joining of separate social groups into
temporary feeding aggrégations.

'Sika deer in Taiwan are very skittish and high
strung, much like white-tailed deer. They become panicked
if pressed, and leap against fencing in an attempt to
escape. They are prone to injuring themselves. A recent
deer drive (line of humans walking abreast) in one pén of
the Kenting Breeding Facility resulted in two premature
births (and neonatal mortalities). Attempts to direct
deer in a holding pen fdr a TV.crew while we were there
resulted in general panic among the deer. These are
typical responses of white-tailed deer as well.

However, there are some differences between the two
species, and caution is in order. The sika deer, judging
from the depth of the meolariform teeth, is more dependent
upon grasses; also, bark stripping, which ig characteris-
tic of the genus Cervus, is less commonly observed in
Odocoileug. Finally, there are major, phylogenetic
differences between the two genera in reproductive rate.
Qdocoileus is a New World genus characterized by multiple
births per litter, whereas Cervus species usually have
singletons, with twins being relatively rare. Thus,
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white-tailed deer should not be used as a demographic
model for sika deer: to do so would greatly overestimate

the potential for population increase.

DISTRIBUTION AND ECOLOGICAL CONDITIONS

Given the ecological traits, some things can be
inferred about the sika deer. Reviews of the historical
distribution suggest that highest densities of sika deer
were originally found in the southwestern plains of
Taiwan (Su 1985). Clearly this deer does well in leveler
terrain, so the topography would have been favorable.
Probably most important, however, was the fact that this
area is characterized by summer rainfall and winter dry
season. Severinghaus (1989) has mépped the frequency of
drought in Taiwan (see her Fig. 1.4), which occurs every
two years on average in the southwestern plains. During
dry seasons fires, the major cause of disturbance, could
burn more readily. This area is known for its frequent
lighteningrstorms, so ignition was common naturally, and
aboriginals probably contributed further by purposefully
setting fires to favor game once they arrived some 4,000
years agdo.

Conséquently, sika deer were extremely abundant
where favorable topography, climate, and especially, a

frequent disturbance regime existed. As one moves north
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on the western plains, climate and topography were still
favorable, but the disturbance regime was less freguent
due to the more uniform rainfall across the seasons. This
would account for lower abundance, but still a wide-
spread distribution.

The upper elevational limit of the distribution was
probably set by a combination of toﬁography, climate, and
disturbance regime. Clearly the thin-coated sika deer on
Taiwan is a subtropical to tropical animal, although sika
deer in northeastern China and Hokkaido, Japan are winter
adapted. Thus, cold temperatures and winds no doubt set
upper elevational limits, although they were probably
higher than generally appreciated. Kano (1940) for
example, showed sika deer occurring up to 300 meters in
the Snow Mountains. Steep topography, also certainly
disfavored sika deer. Although they are quite adept at
using broken terrain {(as evidenced by their use of
uplifted reefs 1In Kenting National Park), they clearly do
not do well on the steep slopes characteristic of the
Central Mountain Range. Finally, the forest characteris-
tics of the higher elevations are better at retaining
moisture, and thus, are more difficult to ignite. Fires
~do occur in the high mountains, particularly in the
southern parts where winter dry seasons occur. These
burns tend to be relatively large when conditions are
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such to allow the fires to reach the canopy. Large areas
of Yu Shan National Park are kept in bamboo grasslands,
and a fire-adapted pine (McCullough 1974). Fire patches
are common on ridge tops where lightening strikes ére
common. Most of these burns, however, occur too high in
elevation for the sika deer.

In low elevation mountaing, typhoons are probably a
more important source of forest disturbance, particularly
in southern and eastern areas of Taiwan, because
typhoons usually come from the southeast. Typhoons open
up the canopy in patches, where old or weakened trees
break down. Typhoons seldom clear the site in the manner
of fires, so they do not set back succession as much, and
the understory stems of small trees close these gaps more
rapidly. Consequently, the time during which these dis-
turbed areas are favorable to sika deer is relatively
short compared to burned areas. |

The combination of steep topography, less frequent
disturbance, and shorter duration of disturbed areas
remaining open result in a smaller scale and more
isolated distribution of good sika deer habitat in the
mountains. Thus, sika deer were wide-spread, but irregu-
lar in abundance in these areas. However, conditions were
more favorable in climate, topography, and disturbance
regime in the Hua-Tung Valley, and this was a secondary
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stronghold for sika deer after the western coastal plain.

POPULATION AND MANAGEMENT

As a disturbance adapted species, the sika deer,
like the white-tailed deer, most likely tends to follow
é boom-bust population response. Following disturbance
the population builds up, but as the disturbed area
recovers, the population declines. It is unrealistic to
expect local population stability, or an equilibrium in
an ecosystem sense. A Dbalance between ' vegetation,
herbivores, and carnivores is unlikely because of time
lags as the site changes constantly in response to the
disturbance regime. Under natural conditions such systems
were stable only over a broad landscape scale as distur-
bance patches being created balanced those being lost
through succession. The distribution of herbivores and
carnivores shifts over time to track the shifting mosaic
of disturbance. Even over broad areas, such systems were
unlikely to be strictly in balance, because the distur-
bance regime is not constant, but instead related to
c¢limatic phenomena that are oscillatory over time.

For managed systems, such as are necessary in a
recovery program for sika deer, population stability has

to be imposed by human design. First of all, predators
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are usually not still present in such systems. Humans
have to assume the role of predators in controlling the
herbivore population. This may be accomplished by
increasing the mortality (by shooting, capturing and
slaughtering), redﬁcing'reproductionﬂ(by'manipulating the
sex ratio, age ratio, or contfaception) or emigration (by
capture and relocation). The manager will chose the
methods depending upon feasibility, cost, and public
acceptance. Whatever the means, population control in a
boom-bust species is usually required. One should not
establish such a population without having the means to
control population gize, or severe conflicts with other
land uses are likely to ogcur.

Second, in managed systems humans can further stabi-
lize the population by controlling the extent of distur-
bance areas, and indirectly influence the boom-bust
behavior of:the herbivore population. Disturbed areas can
be maintained by cutting and mowing using human labor, or
utilizing a second species of herbivore to balance the
impacts of the featured herbivore. With sika deer in
Taiwan, the domestic water buffalo can be a second herbi-
vore. Use of a second herbivore often has cost advantag-
es, and a more naturél impact on vegetation. This topic

will be addressed further below.
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HABITAT MANAGEMENT

What mix of disturbed and undisturbed area should be
maintained for sika deer? This question cannot be
answered at present because of a lack of research and
management experience. Based on research done at Kenting
National Park, observations on Green Island, and famil-
iarity with white-tailed deer, we Jjudge that the mix
should be around 30% disturbed and 70% undisturbed.
Ironically this is just about the opposite ratio 'of 'sika
deer feeding on grass (about 70%) and woody vegetation
(about 30%). This is because grasslands are more produc-
tive of forage per unit area than forests. Basically,
sika deer prefer quality grasses, but balance out
nutritional needs with woody vegetation even when grasses
are abundant. More importantly, if there is a dry season,
the quality of grasses declines to low levels whereas
quality remains much more stable in forest vegetation.
Thus, deer ' shift - to greater consumption of fofest
vegetation during dry periods. It follows, therefore,
that in the south of Taiwan where winter drought is
common, to maintain the same population density as in a
more northerly location, a greater proportion of forest
is required to support the greater demand at that season
by sika deer. In northern Taiwan, rainfall is move evenly
spread over the year, and a relatively lower proportion
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of forest will most likely suffice.

Another consideration is that forests are more
sensitive to overbrowsing than grasslands. Damage to
population structure and abundance of plant species by
overbrowsing white-tailed deer have been well documented
(see Alverson et al. 1988, for example). This is because
forage is more sparsely distributed in the forest, and
regrowth slower because of the shading of the canopy.
Also, differential palatability of species often 'results
in shifts in species composition, with unpalatable
species expanding at the expense of regrowth of the
heavily browsed species. Bark stripping by deer can have
the same result.

Grassland are inherently more resistant to grazing
than forests due to their growth form, capacity for
regrowth, and higher productivity of forage. They are
also easier to create and manipulate than forests. For
these reasons, (assuming a stable amount of grassland)
forest vegetation impacts should be considered more
critically than those of grasslands in establishing
carrying capacity for sika deer. Population control
should be geared to sustainability of the forest vegeta-
tion. Some impacts are normal and expected. However,
trends in forest vegetation need to be monitored careful -
ly to be sure that undesirable shifts are not occurring.
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Once the carrying capacity of the forest is deter-
mined, the mix of grassland and forest can be adjustéd to
the needs of the fbrest. The grassland can be expanded if
the forest can absorb greater pressure, or contracted if
the forests are receiving too much pressure. Sika deer
numbers need to be adjusted appropriately. The mix of
forest and grassland can be adjusted based on trial and
error to get the right balance. Or, the size of the area
can be changed to add the required component. Finally, if
a second herbivore is being used, its numbers can be
increased or decreased to achieve the right balance with

the featured species.

A SECOND. HERBIVORE

The water buffalo is a nearly ideal second species
in Taiwan. It does well in the c¢limate and habitat. It
feeds almost exclusively on grasses, and thus; has little
impact on forest vegetation--just what one wants given
the greater sensitivity of the forest. The negative
potential of water peollution from buffalo droppings, and
the damage to.ground surface caused by their digging mud
holes to wallow in can be minimized by maintaining the
minimal number of water buffalos necessary. Water

buffalos are docile. Centuries of management and their
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tractability have resulted in their being easily manipu-
lated. Furthermore, their meat has market value that may
offset costs. Although not native, it has been a promi-
nent feature of the landscape for centuries, so it
presence does not cause discord: in fact, it is a
positive value in the landscape for most Chinese.

On Green Island, water buffalo pastures on former
rice terraces are some of the very best habitats for
free-ranging sika deer. Water buffalo are dlso currently
grazing on former rice paddy terraces at Lu-Chueh-Ping,
the preferred reintroduction gite in Yangmingshan
National Park. Without water buffalo, it would be
extremely difficult to keep these areas in grassland, for
they would readily be invaded by woody species otherwise.
Part of the grassland at Kenting Breeding Facility was
lost in this way. i It is difficult and expensive to
reestablish grasslands once lost. Water buffalo can be
useful to keep the grasslands open while the process of
trial and error proceeds in determining carrying capacity
of forests for sika deer. Water buffalo can also be used
to maintain grasslands during the time it takes following
introduction of sika deer for their population to grow
large encugh to maintain grasslands.

In the long term, the goal of a sika deer recovery
and conservation program is to recreate ecosystems as
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natural as possible. It would be preferable, if feasible,
toleliminate exotics such as the water buffalo from sika
deer areas. Therefore, the goal should always be to
minimize water buffalo and maximize sika deer (and other
native species). However, given the limited areas that
are available for sika deer restoration, and the lack of
knowledge to plan precisely, the water buffalo is a
useful, if not indispensable tool to manage these areas.

With experience perhaps it will prove possible to
manage gika deer by controlling only the size of the deer
population. In the meantime, however, the availability of
a second coﬁtrol is important to keep things on course.
True stability is seldom possibie, but by using the
control of disturbance, and control of herbivore numbers,
the system can be kept within reasonable bounds. Hopeful-
ly these systems can proceed to a single herbivore, the
sika deer. However, experience with white-tailed deer has
shown how difficult it is to halt succession with this
species. If the same proves true for sika deer, then

either water buffalo or artificial means may be required.

RECOMMENDATIONS TO SIKA DEER
CONSERVATION PROGRAM
With this background and rationale, we make the
following recommendations to the sika deer conservation
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program, Firstly, the problem of the sika deer’s legal
staus must be properly solved. It is currently declared
a domestic animal in order for relevant government
agencies to control potential TB outbreaks in domestic
deer herds. Yet, this status removed sika deer from the
protection of Wildlife Conservation Law, and also makes
investing in its conservation difficult to justify.

Secondly, it is of utmost importance that an overall
conservation and management plan for the 'species is
drafted in order to coordinate all the actions concerning
the various subpopulations, so the subpopulations can
function as parts of a whole, instead of each an isolated
small population.

in addition, we recommend immediate action on the
following specific research or action steps.
1. Analyze mtDNA to Establish the Original Taiwan Stock.

This research should involve mtDNA studies of
samples from museum specimens with unquestionable origin
from Taiwan, Samples can be obtained from institutions
such as the British Museum of Natural History in London,
Field Museum in Chicago, American Museum of National
History in New York, the Smithsonian Institution, or
other organizations with collections from Taiwan. The DNA
sequences from these material will sgerve as tools for
determining the purity of existing major populations of

96



sika deer on Green Island, in Kenting, or in other public
or private hands. The Kenting population was already
analyzed by Cook (1992), although the sample size was
small. If the Kenting population turns out to be pure,
future transplants can consider using Kenting deer. If
the Kenting animals which Cook analyzed were contaminated
with other sika deer stocks, the Green Island population
needs to be examined. If the Green Island deer is the
only pure stock remaining, future transplants should come
from Green Island stock, and the Kenting and Taipei Zoo
stocks should be confined to those areas. Preferably
these stocks should be replaced with Green Island stock,
but complete replacement can only be accomplished at the
Taipei Zoo. The free-roaming population at Kenting is
beyond recall. The best that could be accomplished at
Kenting is to dilute that stock by introduction of Green
Island stock.

There are other privately-owned sika deer in deer
farms, but their ancestry is unknown, and the possibility
of their having interbred with sika deer from elsewhere
is high. We recommend that deer from private farms not be
used in the restoration of sika deer in Taiwan. Contami-
nation may already be a problem with the Kenting and
Taipei Z2oo stock. Introducing new blood lines can only
further complicate the problem. Only in an exceptional
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case--where a clear pedigree has been kept, and DNA
analysis supports the claim of original Taiwan stock--
should private stock be considered in the restoration
program.

2. Determine the Genetic Diversity Still Present in the
Original Stock.

Obviously the mtDNA work to establish the original
stock needs to precede this goal, for the animals to be
tested for diversity will wvary with the outcome of the
first goal. However, the same DNA samples ¢an be used for
both. Once ;he original stock has been identified,
genetic studies should be conducted to establish diversi-
ty. If all (or virtually all) of the alleles are fixed,
no attention needs to be paid to future genetic manage-
ment. However, if there is still diversity present,
breeding programs should be designed to retain as much of
the diversity as possible for all the subpopulations, in
order to obtain-the highest total diversity with metapo-
pulation management. Sufficient numbers of sika deer are
present on Green Island to retain diversity. However, in
transplants, efforts should be made to be sure that all
animals reproduce (a particular problem with young males
that often are behaviorally excluded), and some animals
may need to be moved to supplement populations that
remain small.
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3. Maintain at Least 4 Separate Subpopulations to be
Managed by Metapopulation Methods.

Currently there are 3 separate populations of sika
deer (Kenting, Green Island, and Taipei Zoo) under public
control. As explained under metapopulation concepts, this
separation of subpopulations is the major hedge against
extinction, given the small number of individuals in the
total population. It is especially important for the
prevention of total extinction due to a catastrophe.

Nevertheless, 3 subpopulations in a metapopulation
scheme is quite small. Of particular concern igs the fact
that one subpopulation (Taipeil Zoo) is very small (17 at
present), and is subject to epizootics because of
confinement close to a number of other species. The fact
that the previous Taipei Zoo population had to be
eliminated earlier to eradicate TB amply illustrates the
hazard. Thus a fourth subpopulation is highly desirable.
Of course the health conditions of deer in the other
populations need to be determined, to prevent epizootic
agents from spreading via captive breeding efforts. It
may become possible and desirable to have more than 4
subpopulations as experience with management accumulates,
and current problems are solved. Therefore, 4 subpopula-
tions are considered to be a minimum number rather than
an ideal number.
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An ideal number of subpopulations cannot be stated
precisely. Beyond 4 populations, the locaﬁion and quality
of habitat become considerations as important as simply
the addition of another subpopulation. Future evaluation
of the availability of habitat, funds, competing conser-
vation demands, education and recreation needs, and
public interests should assist in determining the
eventual number of subpopulations.

4. BSpread Out the Subpopulations Geographically to
Minimize the Hazard of Catastrophic Events.

As explained in the background on metapopulations,
it is important that the environmental stochasticity of
the subpopulations not be correlated, and this usually
means being separated geographically. However, linear
distance alone is only a gross indicator because it is
the sharpness of climatic clines, mountain ranges, water
bodies, and similar barriers that cause subpopulation
environments 'to be uncorrelated. Of the 3 current
subpopulations, Taipei Zoo is in the north of Taiwan, far
removed from the other two in southern Taiwan. Thus, the
environmental conditions of Taipei Zoo are unlikely to be
correlated with that of the other two subpopulations.
Kenting National Park and Green Island are separated by
about 100 Km, and an intervening stretch of ocean. For
most catastrophic events, these two subpopulations would
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be uncorrelated. Although typhoons, which are common in
Taiwan, may strike both areas, typhoons in our judgement
are unlikely to cause the extinction of a subpopulation
of sika deer. This is because sika deer can take shelter
in rocky areas, ravines, and other protected sites.
Although food supply may be reduced by a typhoon with
adverse effects on sika deer in the short term, in the
longer term, the disturbance would favor sika deer
habitat quality.

The 3 existing subpopulations are largely uncorre-
lated, and should be differentially affected by catastro-
phes. But the environmental conditions of Yangmingshan
National Park would be at least partially correlated with
Taipei Zoo. Thus, to establish a fourth sika deer
subpopulation there for the prevention of extinction
would be less desirable than on a more distant site.

5. Attempt to Maintain a Population with Sufficient
Number of Deer.

We recommend a population of 500 animals, or a
Population and Habitat Viability Analysis (PHVA) be
conducted to determine the desired total population of
sika deer for Taiwan.

We believe that reaching a total population of 500
deer is a reasonable short term goal. Currently Green
Island supports 250, Kenting about 200, and Taipei Zoo 17
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individuals. Thus, creation of a fourth subpopulation
would almost certainly boost the total to over 500.

In the longer term, as economic conditions reduce
the amount of area in field crops, interest in conserva-
tion among the public grows, and problems of deer control
and prevention of crop damage are solved, it may be
possible to let the sika deer reassume the status of a
wild, free-roaming animal. At that time efforts can be
switched to manage it as a wild species,” and captive
breeding and restoration programs discontinued.

6. Pursue the Restoration Program Cautiously and Incre-
mentally.

The sika deer restoration program needs to move
forward carefully to avoid costly mistakes. There is no
crisis of extinction right now, and the 3 existing
subpopulations are reasonably secure. Consequently,
planning and evaluation should move forward incremental-
ly.

First of all, it is crucial that the questions about
genetics of the original stock be resolved before any
additional subpopulations are established, and the
release of Kenting stock into the wild be curtailed until
the genetics studies are done. If the stock from Green
Island proves to be the only pure one, all future
transplants should be made using this stock. As the new
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subpopulations become established, the Taipei Zoo stock
should be replaced, and the Kenting stock augmented. It
should be possible to complete this part of the genetics
study within 2 years. If the genetic questions cannot be
resolved, the source of stock for reintroduction then
becomes a matter of convenience and feasibility.

Secondly, the site of a fourth subpopulation should
not be determined until a thorough survey of potential
sites is completed. Although we believe that the Lu-
Chueh-Ping site in Yangmingshan National Park could be
made successful, it has many limitations and would be
very costly. We think a more promising site can be found
elsewhere in the western coastal plain, or possibly the
Hua-Tung Valley, where the habitat more closely approxi-
mates sika deer’s original prime habitat.

The extent of croplands has been declining in
Taiwan. Croplands dropped between 1977 and 1995 by 324
200 ha or 11.65%  (Taiwan Provincial Forestry Bureau
1995) . If this ‘decline occurs in the more marginal
agricultural lands, it is creating new opportunities for
sika deer reserves.

It is desirable to establish a fourth subpopulation
of sika deer to fill out a metapopulation scheme to
conserve the gpecies. Yangmingshan National Park, the
only area with a specific proposal for sika deer, has
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many limitations, limited future potential and many
potential conflicts with other goals and uses. Before any
additional introductions are approved, a thorough search
of potential sgites should be conducted. In our estima-
tion, it is highly likely that a more promising site than
Yangmingshan can be identified.

Of particular interest are potential sites on the
western plains. A subpopulation in this  area ‘would
reestablish the species in the heart of their original
range, and would gontribute to the recovery program by
being far from existing subpopulations, thus is most
likely uncorrelated in the environmental stochasticity
encountered. Nevertheless, the selection of a fourth site
involves a complicated tradeoff of many factors--loca-
tion, naturalness, size, requirements for fencing, lack
of conflicts with other land uses, etc. Selection of the
best site should be made on the integration of all of
these factors. Because money for comnservation is limited,

it is important that the site selected be a sound choice.
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PART IT
SIKA DEER AND YANGMINGSHAN NATIONAL PARK
1. The Suitability of the Park for Sika Deer Reintroduc-
tion

As stated earlier, the close proximity of Yangming-
shan and Taipei Zoo makes the geographical location of
Yangmingshan less desirable as the fourth site, if
limited resources permits the establishment of only one
more subpopulation in the sika deer conservation program
(instead of several more subpopulations). However,
proposals to reestablish sika deer in this National Park
have been around for several years, and two research
reports have been published on evaluation of wvarious
sites (Wang and Su 1994, Wang et al. 1995).

According to these reports, Lu-Chueh-Ping was
selected as the preferred reintroduction site within
Yangmingshan National Park (Wang and Su 1994, and Wang et
al. 1995). We have relied on the site evaluations of
these reports and have visited only the preferred site,
which is about a 45 minute hike (approximately 1.5 Km)
along an unimproved trail from the end of a secondary
road. Access to the site is a major problem, and all
materials would have to be hauled in from the end of the
road. The site consists of a series of terraces that
formerly were used to grow rice, but currently are being
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used as pasturage for domestic water buffalo. Although
the national park has purchased the land, the water
buffalo, which are privately owned, continue to graze
there.

We believe that it would be possible to establish
successfully a sika deer subpopulation at this site.
However, it would be expensive because all fencing and
other necessary construction materials would have to be
carried to the site by human or animal labor. Transport
by heavy helicopter would be most efficient, but whether
this is feasible remains to be determined. All deer stock
would have to be carried in (or out) in crates. Further-
more, it would be difficult to police the site, although
the remoteness i1s also an . advantage, for there is
relatively low human use. Still, the presence of sika
deer may attract many more people to the site than
presently use it for picnicking, camping, and hiking. If
the sika deer project is to go forward, the design of the
pen should purposely be such as to minimize problems of
humans to the deer facility.

Finally, this site, and Yangmingshan Park in
general, has little potential for sika deer expansion in
the future. Preferred habitat of sika deer is confined to
small patches, which are widely spaced from each other.
None of these patches is large enough to support a
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substantial number of deer, say exceeding 100 head.
Although the intervening forests would probably support
a very low dengity of free-roaming deer, the complex land
ownership, management authorities, and high human use of
the Park present a morass of problems.

For these reasons, we suggest that there may be
other sites elsewhere on Taiwan with fewer problems and
greater potential to establish a fourth subpopulation of
sika deer. Certainly a thorough survey of potential sites
should precede the establishment of the fourth subpopula-
tion, whether in Yangmingshan National Park or elsewhere.
We realize Yangmingshan  National Park does not have
jurisdiction over the rest of the island and cannot
sponsor such a survey. Thus, if Yangmingshan National
Park decides to proceed with the reintroduction program,
the Park should plan for permanant commitment to the
proper management of this subpopulation, to ensure that
it functions properly as a part of the overall metapopu-
lation management plan.

2. Enclosure Design at Lu—Chuéh—Ping

If sika deer reintroduction occurs in Yangmingshan,
an enclosure will be required to facilitate proper
management of the deer population and to prevent habitat
damage to the Ecological Protected Area adjacent to Lu-
Chueh-Ping. Exact design must be made upon detailed
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examination of aerial photo pairs with a stereoscope, and
thorough checking on the ground. Size of the enclosure
will be set by the cost and feasibility of fencing. Size
is further restricted by the boundary of the Ecological
Protection Area to the northwest of the site.

Human recreational demand will probably require that
the lower meadow be retained for human use. The deer
fence on this side should be placed at a point where the
meadow is narrow, and thick vegetation comes down close
on both sides (Fig. 2 on p. 39). This schematic map
illustrates the ideas in the following text. The purpose
of this figure is not to give an actual plan, but rather
to illustrate the concepts that should be incorporated
into the plan. The intent is to minimize the section of
the fence that is tempting for people to try to climb
over. This exposed section can be protected by topping it
with an outrigger barbed wire barrier.

By placing the fence in the meadow area at a narrow
point, and using steep rises in topography and thick
vegetation on either side, human movement along the feﬁce
can be discburaged. The existing hiking trail cuts across
the heart of Lu-chueh-ping grassland sc¢ it needs to be
rerouted. Also, by making a separate trail to a high
lookout, use of the new trail rather than cutting across
country can be encouraged.
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The angular shape of the enclosure, an approximate
triangle, will assist in capture of deer when required.
By placing a fence (either permanent, or temporary made
from nylon netting) from the high point inside the
enclosure to the east fence, with a gap in the fence,
deer can be accustomed to using the gap (probably place
at the saddle). Then by placing a net mesh holding pen at
the gap, deer can be driven into the holding pen by a
human drive line. A reiatively few number of people
(perhaps 6 to 10) can move deerrfor capture. If nylon
netting is used, it should have a small mesh size that
deer cannot get their heads through to prevent entangle-
ment. The netting should be stretched tautly, so that
déer leaping into the fence will be not be injured or
entangled. Experienced deer handlers from the Kenting
Breeding Facility should be used to train local workers
in the capture and handling of deer.

3. Carrying Capacity of Lu-Chueh-Ping

We can only guess about how many deer an approxi-
mately 20 to 25 ha enclosure will support. Based on
results from Kenting (Wang et al. 1993,1994) we think
about 50 deer (about 2 per ha) should be supportable. In
our estimation, the ratio of grassland to forest of this
site will be too great in favor of grassland. Enclosing
sufficient forest to not have deer cause damage to forest
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vegetation is unrealisgtic given the cost of construction
and maintenance of fencing. Thus the number of deer
supported by the enclosure will be set by the forest
rather than the grassland. Some impact on the forest is
acceptable, because the tree‘species there are all common
and widely distributed (Dr. Su Hung-chieh, personal
communications). Some opening up of the forest under-
story, and some tree barking is to be expected. However,
the forest should retain a wvisual screen, 'and tree
barking should not exceed the rate of natural thinning
that occurs among secondary growth stems of forest trees.
Deer feeding should not obviously alter the forest canopy
species composition.

In our judgement, the number of deer that the forest
vegetation can support is not likely to maintain the
early successional stages of the grasslands. We expect
encroachment by woody vegetation. Consequently, it is
likely that some level of grazing by water buffalo, in
addition to sika deer, will be required to maintain the
disturbed areas in grassland.

At first, the minimum number of water buffalo should
be engaged to maintain the meadows while keeping their
potential damage to the environment at the lowest level.
For management flexibility, it is probably best that
these buffalo be owned by the park. As the number of sika
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deer builds up, the number of water buffalo can be cut
back. The best mix of sika deer and water buffalo can be
achieved by trial and error, with careful monitoring of
vegetation. We do not believe that academic 1level
research is required. However, an explicit monitoring
system should be put into place at the start of the
project. This should include standard photo points in the
grasslands, and both photo points and tree stem plots in
the forest to measure the percent of stems barked, and

detect any shift in tree species composition that may

occur.
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PART III
THE THREE EXISTING SIKA DEER SUBPOPULATIONS
1. KENTING NATIONAL PARK

The Kenting population as been the focus of sika
deer conservation since the establishment of the captive
‘breeding facility at Shi-Ting in 1984. A number of
reports and publications have been published, and much
useful information obtained. Currently there are about
130 deer within the various fenced areas, and 20 deer
have been released into the wild. Kenting officials
estimate that with reproduction, the current wild
population is about 30. All  free-roaming deer are
currently within 2 Km of the fenced facility: 18 deer
carried radio collars, but the number with functional
batteries is down te 13. Most deer are southeast of the
facility, but 2 are to the north.

Shi-Ting was selected for the breeding facility
because of the occurrence of water buffalo and goat
pastures, but unfortunately, much of the original
grassland has been lost through succession. Now grass-
lands being grazing by deer inside the fences occur as
narrow strips along the fence lines. These areas are
heavily grazed, but are insufficient to maintain a
desirable mix of grassland and forest to meet the forage
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demands of the deer. At the same time, too many deer in
pen 1 has resulted in greater impact on the forest
vegetation than is desirable. A drive crew was used to
move 25 of these deer to a holding pen, from which they
will be released to the wild in October following
fawning. An estimated 10 deer that were not gotten in the
roundup remain in pen 1.

Unfortunately, at least 3 separate genetic stocks
have been mixed in the Kenting population: the original
stock from the Taipei Zoo, deer from a breeding facility
at Tunghai University near Taichung, and 5 fawns from a
deer farm in Kaoshiung. One of the 2 mtDNA types reported
by Cook (1992) ma? have resulted from contamination by
this mixihg of stocks. There are also persistent rumors
about stock from the Bronx Zoo in New York, although we
have not been able to determine if this stock is repre-
sented in the Kenting population.

The breeding facility has reached its main goal of
producing a surplus of deer to be released into the wild.
The free-roaming population need not be supplemented with
many more deer. All surplus deer should be retained in
the facility until the genetics issues can be resolved.
If genetics results show that deer at Kenting are as
pure, then deer can be released. Surplus stock can
continued to be produced for transplant to new sites if
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beaches, extensive coral reefs, hot springs, etc. There
are few cultural attractions. The construction and
operation of the kind of deer farm envisioned by the
Hsiang would be very expensive. There is serious risk
that the returns would not justify the investment, and
heavy losses might occur. We believe that it is more
realistie, and certainly far less risky, to utilize wild
sika deer as a tourist attraction in a natural state in
keeping with the theme of the East Coast Scenic Area.
a. Ecotourism Development

We believe that sika deer, if publicized as a
featured attraction on Green Island, would be a signifi-
cant tourist attraction. It would expand the range of
activities that bring visitors to the island. The island
could become known for its sika deer roaming free in a
beautiful semi-natural environment. Deer can be readily
observed at might by spotlight. Our spotlighting activi-
ties attracted passers by, and they were intrigued by
seeing the deer and hearing about their history and the
conservation efforts that are going on at present. There
is potential for guided tours at night in which an
interpretive ranger with a spotlight shows the deer and
talks about their ecology, behavior ahd status.

People who have come to Green Island to enjoy the
beaches, snorkeling, and natural scenery drive around the
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island at night looking for things to do {(nightlife on
the island is almost nonexistent). Nighttime deer tours
at peak tourist times would probably prove to be popular.
Perhaps fees could be charged to offset costs. We think,
however, that the major economic value of sika deer lies
not in fees for deer spotting tours, but rather in
increaging tourist volume that a well developed and
publicized deer program could attract. Increased visita-
tion would spin off in increaged income for hotels,
restaurants, transportation, diving trips, etc., funds
that flow primarily to the private sector. The difficulty
will be in'managing the tour groups. Open accessibility
of the sika deer areas may produce over disturbance to
the deer herds, as tourists may form their own groups,
while local residents may organize many private tours
without -proper concern for the deer. Should this happen
deer herds would hide away from being overly disturbed.
This will defeat the original purpose of ecotourism.
Obviously some sort of concensus must be reached by the
Hsiang office and local residents in the management of
these tours and the sharing of the revenue.

With more frequent benign contact with people sika
deer are likely to become tamer on Green Island than at
present, and their probability of being observed during
daytime would increase as well. The major obstacle to
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dedication of most of the island to sika deer is the
damage deer causes to agriculture.

b. Crop Damage Management

The present system of dealing with-agriculturali%
damages 1is concerned with solving immediate problems%?
only. The netting 1is inefficient and expensive to ;
maintain, and only partially successful at best. Many%é
times it confines deer to the wrong side. The payment of i
damages is onerous for both farmers and the Hsiang. .

Ideally, agricultural interests would be completely

bought out by the Hsiang or Tourism Bureau. Growing:

garden vegetables would be restricted to areas immedi-

ately adjacent to houses, and the owners would be
entirely responsible for protecting them from deer.
Farming.on public land would be strictly prohibited, and
there . would have to enforcement to prevent illegal

farming, which by Chinese common law carries squatter’s

rights. This solution would be useful in eliminating the

ongoing problem, if it weren’t for the high land prices.

An alternative sgolution would be to reach an .

agreement with farmers who have suffered deer damage -

previously. Appropriate compensation is given to each at

the beginning of each year with the understanding that

they must not plant on specific fields, unless they want

[

to take full responsibility for the risk of deer damage.
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For farmers who plant further up the mountainsides which
is lower in productivity and harder to protect, perhaps
they can be employed as deer watchers or such to keep
them occupied instead of farming, since they tend to be
elderly people growing crops partly as a passtime. If
farming were confined to the better sitesg in contiguous
patches, the fields could be protected from deer by
perimeter fences that would be easier to patrol and
maintain. Obviously, studies would have to be done to
evaluate the economics and acceptability to the local
people of these different approaches.

Eliminating agricultural concerns from Green island
would clear the way for incorporation of sika deer in the
natural tourism program.

c. Grazing by Domestic Animals

In contrast to farming, grazing of water buffalo is
compatible ~with a sika deer program, being the most
inexpensive and efficient way to maintain open grass-
lands. These are the best habitats for sika deer, and are
also the sites where deer are most likely to be observed
by spotlight. It is also where they would be most likely
to be seen in the daytime if the deer herds were allowed
to build up. As deer increase, domestic stock can be
reduced, but it seems unlikely that sika deer can
maintain open grasslands without domestic stock on Green

123



‘Island.

If croplands were isolated from deer as proposed
above, some decline iﬁ deer carrying capacity could be
expected. This leaves the question of sika deer popula-f
tion contrel. Currently much of the need for control
relates to prevention of cfop damage. If crop damageii
problem could be solved by a more lasting solution as;:
proposed, the need for control would be much less. Green;;
Island is a relatively large, diverse area where high:j
quality sika deer habitat’ is small in extent, and .
maintained by grazing: The likelihood that sika deer will;%
eventually self-regulate in the island is high. Should
control prove mnecessary, it should be relatively easily
accomplished by shooting or trapping in the vicinity of%‘
the grasslands. So long as the sika deer remains legally "
- a domestic species, the live animals or their productsié
can be "marketed to offset the costs of the control |

program.
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