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Abstract

South China sika deer (Cervus nippon kopschi) is a critically endangered cervid subspecies. To learn the current
status of the largest population of south China sika deer in Taohongling Nature Reserve, we monitored the changes
of population size from 1980 to 2011. Our survey indicated that deer population size in the core area of the reserve
increased from 90 in 1983 to 312 in 1998, then decreased to 160 in 2005, and again increased to 275 in 2007 and 365
in 2011. We also found that many deer dispersed from the core area of reserve to the surrounding areas. The initial
increase was due to the vegetation change, as when logging was stopped and other human activity was reduced after
the establishing of the nature reserve, vegetation in the reserve changed from grass dominant to shrub-arbor dominant.
The later decrease and dispersal of sika deer to other areas might be caused by habitat alteration and the establishment
of other deer farms around the reserve. Three deer farms have been established during past four years, and the roar of
the stags of captive herds of another subspecies of Cervus nippon hortulorum attracted wild south China sika deer came
down the hill during the rut season. To provide better environment for wild sika deer, we suggest that: some measures
such as prescribed burning and slash logging should be taken for restraining the arboreal succession in the reserve;
deer farms of Cervus nippon hortulorum around the reserve should be reduced or removed; appropriate human activity
such as restricted firewood collection might be allowed in the reserve.

Keywords: Cervus nippon; Dispersal; Habitat alteration; Human
disturbance; Deer management

Introduction

Dispersal is one of the main factors that influence the population
dynamics of animals. For the purpose of foraging or breeding, animals
move from their natal territory to a new place [1-5]. However, dispersal
may be risky and is often a major source of mortality [6]. When animals
migrate among fragmented habitat or disperse out of the reserve, they
will suffer moving through novel environments, easier be preyed
by predators [1]. What is the reason for animal’s dispersal out of the
reserve and how to keep animals in the reserve bewildered scientists
and managers. In addition, keeping animals in the reserve will reduce
conflict between people and wildlife, and was considered to benefit
animals as well as human beings [7].

South China sika deer (Cervus nippon kopschi) is the most
endangered subspecies of all the sika deer subspecies survived in the
world [8-10]. The distribution area of south China sika deer is divided
into three isolated areas: Jiangxi Province, Anhui Province and Zhejiang
Province in northeast part of south China. Taohongling Nature Reserve
with the total area of 125km2 was established to protect the largest
remnant population of south China sika deer in 1981 [11]. Field
surveys were conducted from 1980 t01998 [11,12]. The trend of sika deer
population seemed firstly increased and then gradually decreased [13].

Highways mark the eastern, northern, and western boundaries
of Taohongling Nature Reserve, while the southern border of the
reserve is marked by valleys and creeks. Due to the protection practice,
traffic and agricultural activities have been forbidden in the core area
of Taohongling Nature Reserve since 1980. Thus, intensity of human
disturbance in the core area of Taohongling Nature Reserve was
mitigated than the surrounding area of the reserve. In this case, it
seemed better for sika deer to stay in the reserve rather than disperse
out. However, some new living sites of sika deer were found in periphery
area of Taohongling Nature Reserve [14].

To learn the current status and dispersal of the largest population
of south China sika deer, we conducted population surveys in the
Taohongling Nature Reserve from 2006 to 2008. We compared our
survey data with the survey data in the past to illustrate the changes of
sika populations in the reserve. We also analyzed the factors, such as
habitat alteration, deer farm and human disturbance, which may cause
the dispersal of the sika deer and influence the population status of the
wild sika deer population. Furthermore, we discussed the management
of sika deer based on our results.

Study Area and Methods

Taohongling Nature Reserve (116°32’-116°43’E, 29°42’-29°53’N),
locates in the lower ranches of the Yangtze River in Pengze County,
was established to protect the largest remnant population of south
China sika deer in 1981 [11]. The core area of the reserve is 26.7km?,
and the total area of the reserve is 125km? The altitude of the reserve
varies from 100m to 536m above sea level. The main vegetation types
are shrub land, shrub-grassland, secondary broad-leaved forest and
artificial coniferous forest [11].
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We used quadrats-sampling method to take a census of the sika
deer in the autumn (September and October) of 2006, 2007 and 2011.
We arranged 20 1km? quadrats as observation sites in the reserve (12
quadrats), and peripheral area (8 quadrats) out of the reserve. We
arranged 20 observer groups (2 individuals in each group), and all
groups arrived at all 20 observation sites respectively at the same time
of 3:30 am. We recorded the roaring and numbers of individuals and
groups of sika deer in each quadrate until 9:00 am on the observation
day. We calculated the population size of sika deer with the formula:
P = PnAR /AQ. Where, P represents population size of sika deer in
the reserve; Pn represents numbers of sika deer in all quadrates; A,
represents area of the reserve; A, represents area of all quadrates.

For analyzing the cause for dispersal of sika deer, we obtained the
historical data of sika deer, habitat type and human disturbance from
published data [2,3,10-13]. We also investigated the deer farms of
another subspecies of Cervus nippon hortulorum in circumjacent area
of the reserve, and mapped the status of human activity in and out of
the reserve.

Results

The reserve is surrounded by Huanghua, Huangling, Dongsheng
and Qingshan Townships and many small villages, now a green island
in a sea of extensively farmed agricultural land with a high human
population density. (Figure 1)

The population size in the core area of the reserve increased from
90 in 1983 to 275 in 2007, and then to 365 in 2011, and the sika deer

recorded in surrounding areas of the Taohongling Nature Reserve has
increased from zero in 1983 to 46 individuals in 2007. (Table 1)

The numbers of deer farms of Cervus nippon hortulorum in
surrounding area of the reserve have increased from one in 2004 to
three in 2007 (Figure 1). The names of deer farms were Longgongdong
(started in 2006, Free-ranging in a yard), Xiaowuchen (started in 2007,
pen-feeding) and Dongsheng (started in 2004, Free-ranging in a yard)
respectively. The total individuals of farmed Cervus nippon hortulorum
increased from 33 deer in 2004 to 335 deer in recent year. During rut
seasons in past two years, 11 individuals and some traces of wild sika
deer were recorded near outside of those deer farms.

Based on published data, habitat type in the core area of the reserve
has changed from grass dominant to arbor dominant. In the core area,
human activities were forbidden and human disturbance approached to
zero since 1980. In periphery area, human population density changed
from 323 people km™ to 226 people km™. (Table 1)

Discussion

Our survey showed that, since the establish year of 1981, population
of south China sika deer in Taohongling Nature Reserve has increased.
However, deer’s dispersal out of the reserve in recent years becomes a
serious problem for reserve management. The dispersal of south China
sika deer might be related with three factors: habitat degradation,
human disturbance and deer farms.

Among those factors, habitat quality was probably the most
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Figure 1: Current status of human occupancy, vegetation type and deer farm in/around Taohongling Nature Reserve. The map show the vegetation type, deer farm,
road and human residential area. 1. Longgongdong deer farm; 2. Xiaowuchen deer farm; 3. Dongsheng deer farm. The shadowy area is the Reserve in where no
people live. Four main distribute sites of sika deer out of the reserve were recorded.
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Status of changes Data source
Core protected area Periphery area
Increased from 90 in 1983 to
Deer 312in .1998’ then decregsed Increased from zero in  |[12] Our
population to 160 in 2005, and again 1983 to 46 in 2007 present data
increased to 275 in 2007 and : ’
365 in 2011.
Habitat From grass dominant to [13-14].
arbor dominant.
Human activities were forbig- | opulation den-
Human . - |sity changed from 323
- den and no people resided in [2,3,12].
activity ) people km-2 to 226
since 1980.
people km-2.
Deer farm  No deer farm. Increased from zero to |[12] Our
three more. present data.

Table 1: Changes of sika deer population and influential factors that possibly
induce dispersal of sika deer in Jiangxi Taohongling Nature Reserve during past
28 years (1983-2011).

important factor that resulted in the dispersal of sika deer. [13]
reported that in Taohongling area, the habitats of which the Habitat
Suitable Indexes (HSI) for wild sika deer were over 0.75 accounted
for 18.57%, 8.09%, 15.11% and 6.55% of total habitat of the reserve
in spring, summer, autumn and winter, respectively. Most of those
suitable habitats are located at fringe of the core area of the reserve.
[15] Suggested that sika deer populations are likely to fluctuate when
the population size close to its carrying capacity. For sika deer, the
maximum carrying capacity of the habitat in Taohongling Nature
Reserve was not estimated. However, because of the alteration of the
habitat of the reserve, the environmental carrying capacity may go
down to a low value [14]. Studies on habitat selection indicated that sika
deer preferred habitat of shrub and shrub-meadow with lesser shrub
coverage [14]. The dense-cover arbor dominant habitat is no longer
suitable for sika deer. Due to the natural succession of vegetation in the
past several years, the habitat of the reserve is not so much a restored
one as a degraded one for sika deer. Thus, the change of vegetation
cover was the main factor that lead sika deer disperse out of the reserve.
The same result was also reported in white-tailed deer Odocoileus
virginianus [16].

Human disturbance affect movement of animals. For example, red
deer (Cervus elaphus xanthopygus) tended to avoid areas within three
kilometres of roads [17] and bed site of Przewalski’s gazelle (Procapra
przewalskii) was most sensitive to roads [18] in white-tailed deer, home
range size and movement related to logging disturbance [16]. However,
human disturbance in the core area of Taohongling Nature Reserve has
been greatly reduced due to the implementation of conservation [11].
On the contrary, in surrounding areas of the reserve, wild boar trapping
and domestic dog resulted frequently in the death of sika deer [19].
Moreover, because of the prohibition of logging, herding and wildfire
in the core area, the vegetation restored and the habitat type changed
from grass dominant one to arboreal land which is not preferred by sika
deer [11-12].

Beside of the habitat alteration and human disturbance, deer
farming was another factor that resulted in the dispersal of wild sika
deer out of the reserve. Roar of the captive stags was found to attract
wild sika deer come down from the hill. Based on our data, although
the farmed sika deer is another subspecies of sika deer, we should notice
the effects of sexual attraction on the wild sika deer.

Management Implications

The Intermediate Disturbance Hypothesis is an ecological
hypothesis which proposes that biodiversity is highest when

disturbance is neither too rare nor too frequent [20]. Although this
hypothesis emphasizes the natural disturbance, human disturbance is
an important type of disturbance which affects natural habitat. As for
Taohongling Nature Reserve, we suppose that appropriate disturbance
may inhibit the secondary succession which with the trends to arboreal
forest. Selective logging and prescribed burning are the two main
methods for maintaining the suitable habitat. Both methods increased
the species diversity and biomass of forbs and grasses and reduced the
height of shrubs and arbores [11].

The goal of management of a nature reserve is to maintain a healthy
population of the target species and its suitable habitat. Forest-inhabiting
deer were considered as ecological indicators of forest management
and diversity [21]. That is to say, we should integrate deer management
with ecosystem management [21-22]. When animals migrate among
fragmented habitat or disperse out of a protected area; they will easily
be preyed by predators or disturbed by humans [1] Dispersal rates in
white-tailed deer could be critical to long-term success of management
[23]. It will reduce conflict between human and wildlife to keep wild
animals in the reserve, which was considered to benefit animals as well
as human beings [7]. Our analysis indicated that habitat alteration, deer
farm and deficiency of human interference possibly induced dispersal
of sika deer out of the reserve.

For remaining sika deer in the reserve and protected them
effectively,

We suggested that:

A. Some measures such as prescribed burning and slash logging
should be taken for restraining the arboreal succession in the
reserve;

B. Sika deer farms around the reserve should be reduced or removed;

C. Appropriate human activity such as schemed firewood collection
should be allowed in the reserve.
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