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ABSTRACT

To learn the seasonal home range pattern and its role in the ecological
adaptation of rewild Père David’s deer, we took the investigation
from spring to winter in three-collared females that released into
the coastal wetlands of the Yellow Sea, China. Using GPS collars,
minimum convex polygons and fixed kernel estimation, we recorded
the movement and estimated the home ranges of the deer. The results
showed that the collared deer inhabited only 42.85% of the coastal
wetland habitat that had been designated for them. The home ranges
were larger during winter and spring than in autumn and summer.
In summer and autumn, the collared deer remained in the reserve,
which was dominated by spartina grass. In the spring and winter, they
were lured by the green leaves of wheat in the farmlands outside the
reserve but were then driven back by people. Home range patterns
reflected the seasonality of the availability of food resources and
human activity. In addition to the frequently utilized habitats, much
larger wetland areas are required for such deer. As the population
density increases gradually, more available space will be needed to
meet the fundamental needs of the seasonal dispersal of rewild Père
David’s deer.
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1. Introduction
The movement of individual animals is often restricted to specific areas, defined as a home
range, most likely due to increased benefits gained from familiarity with that area (Stamps
1995; Van Moorter et al. 2009). Home ranges link the movement of animals to the distribution
of the resources necessary for their survival and reproduction (Börger et al. 2008). Species
belonging to the Cervidae have home ranges varying in size in relation to a wide range of
factors, including body weight, resource distribution, social interactions, reproductive status
and abiotic factors (Harestad & Bunnel 1979; Tufto et al. 1996; Nicholson et al. 1997; Saïd &
Servanty 2005; Börger et al. 2008; Powell & Mitchell 2012). Seasonal changes of home range
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size and location were considered to reflect the strategy of habitat use in animals (Tufto
et al. 1996; He et al. 2016). Good quality habitats with abundant food resources allow the
deer to meet their biological requirements in a relatively small home range, and vice versa
for less abundant habitats (Börger et al. 2008; Tumenta et al. 2013). General speaking, seasonal variation of home range pattern relates to the availability of food or water resource
and human disturbance; therefore, it is important to learn the seasonal home range patterns
for wildlife management and conservation (Yahner 2011).
Many studies have reported the seasonal patterns of home range in wild mammals such
as deer (e.g. Kropil et al. 2015; Lewis 2015), elephant (e.g. Thomas et al. 2011), as well as
primates (e.g. Li et al. 2010; Hogan et al. 2016). However, the literature of seasonal variation
of home range patterns reintroduced and rewild mammals is limited and only found in the
study of reintroduced Chinese water deer Hydropotes inermis (He et al. 2016). Père David’s
deer, Elaphurus davidianus, once lived in the swamps of eastern China and is one of the few
large mammals that are extinct in the wild but safely preserved in captivity (Beck & Wemmer
1983; Jiang et al. 2000). In 1986, a group of 39 Père David’s deer from the United Kingdom
was reintroduced to Dafeng Milu National Nature Reserve in the coastal wetlands of the
Yellow Sea. The captive population reached about 2000 semidomestic individuals in fenced
paddocks in the reserve (Jiang et al. 2000; Ding et al. 2006a). Since 2002, 45 Père David’s deer
have been released in batches to the coastal wetlands (Hu & Jiang 2002; Jiang & Ding 2011).
The released deer live in designated semi-isolated habitats in the natural coastal ecosystem
and interact with native plants and animals (Jiang & Ding 2011).
In the coastal wetlands of China, massive coastal reclamations have been implemented
over the past few decades (Ma et al. 2014). The wetlands along the Yellow Sea coast have
been reclaimed for industry, infrastructure and aquaculture, and in the process, have engulfed
the habitats of the wildlife living in those areas. For a reintroduced species like Père David’s
deer, it is necessary to know the size and spatial characteristics of their home range to make
informed decisions regarding their management. With reclamation accelerating in China, is
there enough space for the rewild Père David’s deer in the coastal wetlands of Yellow Sea?
In this study, we deployed GPS collars to three released female Père David’s deer and monitored their movements to estimate their home ranges and understand how they utilized
space in the coastal wetlands. Our objectives were to investigate for following for the released
Père David’s deer: (i) home range size; (ii) seasonal home range patterns; and (iii) implications
generated from (i) and (ii) for conservation policies and management of the nature reserve.

2. Materials and methods
2.1. Study area
The study was conducted in the coastal wetlands of the Yellow Sea, in the northern part of
Dafeng National Nature Reserve, Jiangsu Province, China. The altitude varies from 2 to 5 m
above sea level (masl). The annual average temperature is 14.1 °C, with a mean temperature
of 0.8 °C in January and 27 °C in July. The average annual precipitation is 1068 mm. The area
is affected by subtropical monsoons and four seasons are clearly distinguishable as: spring
from March to May, summer from June to August, autumn from September to November,
and winter from December to February.
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Figure 1. The location of the study area and the designated habitats (indicated by red lines) for rewild
Père David’s deer in the coastal wetlands of the Yellow Sea, Jiangsu, China, in 2012.

Covering nearly 24 km2, the study area was bounded by seawall roads in the south and
the neighboring Chuandong River estuary in the north, and extended to the Yellow Sea in
the east. Since 2002, 45 Père David’s deer have been released in batches from the fenced
paddocks to the coastal part of nature reserve (Jiang & Ding 2011). The dominant vegetation
in this area is salt marsh meadow, including salt salsa (Suaeda glauca), spartina (Spartina
alterniflora), imperata (Imperata cylindrical) and reeds (Phragmites australis) (Figure 1). The
spartina zone made up the largest proportion of vegetation in the study area, accounting
for up to 73% of the acreage. There were no predators of Père David’s deer and few human
activities were evident, except for seasonal seafood collections along the coast within the
nature reserve. Farmlands and fishponds surrounded the parts of the coastal wetlands that
were designated as habitats for the rewild released Père David’s deer.

2.2. GPS collaring, tracking and operating
Three female Père David’s deer were captured from the paddock herd, anaesthetized and
then collared with Lotek WildCell collars (950 g, 385 days battery life; Lotek, Canada,
Table 1). The collared deer were then released into the coastal wetlands of the Yellow Sea.
The deer were monitored in the field from September 2012 to July 2013 whenever
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Table 1. The sampling dates and number of fixes for each GPS collar.
Name
Age
Start date
End date
Study period
Number of fixes

D1
4 year old
2012-09-08
2013-07-17
±10 months
13 476

D2
4 year old
2012-09-09
2013-04-05
±7 months
9140

D3
4 year old
2012-09-09
2013-05-10
±8 months
11 777

communication could be established between the Biotracker receiver (Biotracker, Lotek)
and the collars on the deer (labelled as deer 1: D1, deer 2: D2 and deer 3: D3). GPS coordinates
and the ambient temperature were recorded at scheduled intervals of half an hour per fix.
Position fixes were downloaded automatically using GPS Host software (Lotek, Canada)
through a wireless base station.
Three GPS collars were operated on different days (Table 1). Two of the collars became
dysfunctional over time: D2 after seven months and D3 after eight months of data transmission. Collar D1 was operational for the longest time, collecting 13,476 fixes over 312 days
from September 2012 to July 2013 – covering 10 months in four different seasons. Data from
collars D2 and D3 were recorded for more than 200 days in all seasons except summer
(Table 1). However, data collected from all of the collars exceeded the minimum number of
fixes (60) required for home range estimation. All data points were captured in 3D and were
highly accurate. A total of 33,229 fixes (97%) had a DOP < 6.
This study was carried out in accordance with Nanjing Normal University ethics guidelines
under ethics approval A12020 and conducted in accordance with the Jiangsu Forestry
Administration permit (157) and The Chinese Wildlife Management Authority. All procedures
performed in this study were reviewed and approved as part of obtaining the above field
and ethics permits.

2.3. Data analysis
A large number of fixes with 48 data points per day were obtained during the sampling
period. The data set for all deer was highly autocorrelated; however, we did not remove any
data points because of this, since a large set of auto-correlated data provides a better estimate of the true home range size than a small set of independent data (McNay et al. 1994;
Swihart & Slade 1997; Otis & White 1999). The data were imported into Arcview 3.2 GIS (ESRI,
1992) for analyses using the Animal Movement module (Hooge & Eichenlaub 2000). Home
range sizes were calculated using the entire data set using a minimum convex polygon (MCP)
(Pebsworth et al. 2012) and the fixed kernel method (FKM) (Worton 1989; Tufto et al. 1996;
Fieberg 2007; Pellerin et al. 2008). Home ranges during the different seasons were calculated
using the FKM and the 100% MCP method but are only presented for the purpose of comparison with other studies.
The FKM was used to calculate home range metrics and to perform spatial aggregation
of the fixes. We set 95% isopleths as the outer boundary of home ranges (Pebsworth et al.
2012), 75% isopleths as major areas, 50% isopleths as core areas (Morse et al. 2009; Tumenta
et al. 2013) and 25% isopleths as hot areas. An ad hoc technique was used as a smoothing
factor. A one-way analysis of variance (ANOVA) (SPSS ver.16) was used to calculate differences
in the home ranges between seasons and among the individual Père David’s deer.
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Table 2. The home range estimates (in km2) of collared Père David’s deer in the coastal wetlands of the
Yellow Sea from 2012 to 2013.
Deer ID
D1
D2
D3

MCP 100%
29.43
31.48
33.04

95% Kernel
9.11
12.07
9.25

75% Kernel
3.69
4.42
4.23

50%Kernel
1.56
2.20
2.22

25% Kernel
0.33
0.76
0.48

3. Results
3.1. Home range sizes
Variation in home range size among the collared Pere David’s deer was found using the 100%
MCP and FKM estimations with different isopleths. The home ranges ranged in size from 29
to 33 km2 (mean = 31.32 km2, Table 2; Figure 2) using the 100% MCP method. Average home
range sizes corresponded to the kernel isopleths shift as follows: 95% was 10.14 km2, 75%
was 4.11 km2, 50% was 2 km2 and 25% was 0.52 km2. The different kernel home range size
isopleths indicated that the deer used 42.85% of the coastal wetlands as their home range,
17.38% as major areas, 8.43% as core areas and 2.21% as hot areas. These results show that
the collared Père David’s deer inhabit a limited space and that more than half of the coastal
wetlands is not yet utilized by them.

3.2. Seasonal home range pattern
The estimated MCP home range size for the collared deer D1 was 29.43 km2. D2 and D3 were
excluded from the annual home range calculations as a result of insufficient data during the
summer of 2013, but the home range estimates of D2 and D3 were used to calculate the
average seasonal home range sizes of all of the collared Père David’s deer (Table 3). The home
range size estimate using the MCP method was 56.39% larger than that using the FKM.
By comparison, the home range of collared Père David’s deer across the different seasons
showed no significant difference using both the MCP method and all kernel levels (MCP:
F2,7 = 0.54, P = 0.61; 95% kernel: F2,7 = 0.39, P = 0.69; 75% kernel: F2,7 = 0.30, P = 0.75; 50%
kernel: F2,7 = 0.38, P = 0.70; 25% kernel: F2,7 = 0.27, P = 0.77). This result indicates that the
home ranges of the individual released Père David’s deer remained stable.
Conversely, differences in the seasonal home ranges of the collared Père David’s deer
were found to be significant. In the MCP method, collared deer had significantly larger
(F3,6 = 50.23, P = 0.00) home ranges during spring (28.17 km2, SD = 1.95) and winter
(28.18 km2, SD = 1.28) compared to autumn (10.70 km2, SD = 3.62) and summer (3.49 km2).
On the other hand, using the 95% kernel, the home range size of the collared deer during
spring (15.72 km2, SD = 1.08) and winter (9.99 km2, SD = 2.53) was significantly larger
(F3,6 = 26.59, P = 0.001) than in autumn (4.20 km2, SD = 1.36) and summer (2.38 km2). At 75,
50 and 25% kernels, differences among seasons were all significant (75% kernel: F3,6 = 18.54,
P = 0.002; 50% kernel: F3,6 = 10.44, P = 0.01; 25% kernel: F3,6 = 7.52, P = 0.02). These comparable results demonstrate that home range sizes of deer varied seasonally with consistency
among individuals.
The spatial distributions of kernel isopleth home ranges of collared Père David’s deer
during different seasons is shown in Figures 3–5. The results show that Père David’s deer
prefer to use the northwest part of the study area all year round. During summer and autumn,
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Figure 2. MCP (100%) home range estimates of three GPS collared Père David’s deer in the coastal wetlands
of Dafeng Milu National Nature Reserve, China, 2012–2013.
Table 3. The seasonal home range size estimates (in km2) of collared Père David’s deer in the coastal
wetlands of the Yellow Sea in 2012–2013.
Season
Spring
Summer
Autumn
Winter
Annual

Deer ID
D1
D2
D3
D1
D1
D2
D3
D1
D2
D3
D1

MCP 100%
26.38
27.89
30.25
3.49
7.57
9.87
14.67
27.18
29.62
27.74
29.43

95%Kernel
16.16
16.50
14.49
2.38
2.66
5.24
4.69
9.04
12.86
8.07
10.02

75%Kernel
6.77
6.84
5.45
0.70
0.60
2.75
2.47
4.04
3.70
3.29
3.67

50%Kernel
1.98
2.92
3.02
0.29
0.12
0.75
0.79
1.73
1.56
0.72
1.32

25%Kernel
0.46
0.67
0.92
0.10
0.03
0.09
0.13
0.39
0.43
0.13
0.40

the deer remained at these sites and rarely moved to other parts of the study area. However,
they were observed enlarging their area of activity from the northwest to southeast during
spring and winter. In winter, the Père David’s deer occupied the southeast part of the coastal
wetlands as the outer boundary of their home range (this area did not form part of their hot
areas, core areas or even major areas), whereas in spring, this area represented not only the
outer boundary but also a major area. D2 occupied the southeast part as a hot area and a
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Figure 3. The seasonal kernel home range of collared deer D1 with different isopleths in the coastal
wetlands of the Yellow Sea in Dafeng Milu National Nature Reserve, China, 2012–2013.

core area during spring. The seasonal pattern was consistent for all collared deer, especially
D2. The maps also indicated that the deer never inhabited inshore parts of the wetland,
including the tidal creeks.
With respect to the spatial aggregation distribution of the deer, the different kernel isopleths represented the spatial arrangement and aggregation of deer distributed in the
coastal wetland. The 95%, 75%, 50% and 25% kernel isopleths were extracted to generate
the spatial aggregation distribution of Père David’s deer. Patch numbers and sizes varied
among individuals based on the kernel isopleths (Figures 3–5). More patches mean a more
dispersed distribution of spatial utilization. Using 95% kernel estimates, D2 used six patches
in autumn covering 22.14% of the coastal wetlands. D3 used five patches in spring, occupying
37.62% of its seasonal 95% kernel home range. D1 used three patches of core areas in summer, which accounted for 12.23% of its outer boundary range. D2 used six patches and
occupied 14.31% in autumn but used only one or two patches in the other seasons. D3 used
three patches as core areas in autumn within 16.87% of D2’s home range, and one patch in
spring and winter. Referring to hot areas, D1 had the most patches, three patches in winter
and ranging area with 4.32% of outer boundary range.
The data in this study show that the collared Père David’s deer did not always remain in
the coastal wetlands of nature reserve (Figure 6). Approximately 7% of the GPS fixes were
located outside the nature reserve. The collared deer spent most of their time outside the
nature reserve during spring (13% of all fixes), less during winter (7%), rarely during autumn
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Figure 4. The seasonal kernel home range of collared deer D2 with different isopleths in the coastal
wetlands of the Yellow Sea in Dafeng Milu National Nature Reserve, China, 2012–2013.

(0.15%) and none during summer. Overall, although the deer stayed inside the nature reserve
most of the time, they still had seasonal movement patterns coupled with movement out
of the nature reserve in spring and winter; remaining inside the nature reserve in summer
and autumn.

4. Discussion
Home range patterns are complex and intricate, with individual and annual variation (Börger
et al. 2008; Morse et al. 2009; Putman 2012). Generally, distribution of food resources and
human disturbance result in a significant seasonal variation of home range patterns of mammals (Mysterud et al. 2001; Hebblewhite & Merrill 2007; Li et al. 2010; Lewis 2015). Our results
showed that GPS collared Père David’s deer have a limited home range with seasonal patterns. The deer’s home range was substantially larger than previous estimations of 0.1 km2
for deer released on a trial basis (Hu & Jiang 2002). Besides the differences in the release
sites, this discrepancy may be attributable to variations in the patterns of resource abundance
and availability in the coastal wetlands of Yellow Sea, as well as the influence of human
activities such as roads and farmland reclamation. The similar results was also reported in
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Figure 5. The seasonal kernel home range of collared deer D3 with different isopleths in the coastal
wetlands of the Yellow Sea in Dafeng Milu National Nature Reserve, China, 2012–2013.

the home range shift of white-tailed deer Odocoileus virginianus (Lewis 2015), red deer Cervus
elaphus (Kropil et al. 2015) and Chinese water deer (He et al. 2016).

4.1. The effects of resources availability
From our data, most of the GPS location fixes (79%) for the collared Père David’s deer were
located in the spartina zone and 8% in the reed zone (Table 4). The home ranges of all the
collared deer were completely within the core areas in the spartina habitat during the summer and autumn. The core areas of deer in the spartina zone shifted to the farmland outside
the nature reserve during the spring. In winter, the core areas of the collared deer were
observed in the farmland, with the exception of D3. Deer D2 and D1 had larger home ranges
in the spartina zones of the nature reserve (5.84 and 5.78 km2) than deer D3 (3.76 km2). The
spartina zone was an important habitat for Père David’s deer in the nature reserve, although
S. alterniflora is considered an invasive species on the coast of the Yellow Sea in China and
the cause of a decline in biodiversity in the coastal ecosystem (Morse et al. 2006b; Ma et al.
2014). Ding et al. (2006b) described spartina as the favorite food for released deer in the
nature reserve. We found that about 71% of spartina quadrats had been grazed or trampled
on by the released Père David’s deer in the area. These results support the findings of
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Figure 6. Percentage of GPS fixes inside and outside the designated habitat for released Père David’s deer
in the coastal wetlands of the Yellow Sea in Dafeng Milu National Nature Reserve in 2012–2013.
Table 4. The percentage of GPS fixes of the collared Père David’s deer in different habitats of the Dafeng
Milu National Nature Reserve from 2012 to 2013.
Deer ID
D1
D2
D3
All deer

Roads
0.41
0.45
0.25
0.36

Mudflat
0.00
0.00
0.00
0.00

Spartina
80.91
72.03
81.29
78.76

Salsa
1.25
1.93
2.57
1.90

Reed
7.24
9.53
7.10
7.78

Farmland
4.08
8.70
1.08
4.19

Water
2.30
3.97
3.22
3.06

Imperata
3.82
3.39
4.49
3.95

Ding et al. (2006b) and Wu et al. (2011) that released Père David’s deer prefer the spartina
as their feeding and resting ground. Thus, spartina appears to be an indispensable food
source for the rewild deer.
In summer, all of the collared deer stayed inside the border of the nature reserve. Deer
D1 had the smallest range in the northwest part of the nature reserve during summer, which
also formed core areas for other two deer, D2 and D3. Water is the primary limiting factor
for ungulate populations in summer (Tumenta et al. 2013). As a typical ungulate species
living in wetland, Père David’s deer was reported to select water body to express behaviors
in summer (Li et al. 2007). Hence, Père David’s deer congregated at waterholes during summer and had the smallest home ranges in that season. This result confirmed those of Wu
et al. (2011) that released Père David’s deer prefer habitats close to water sources and shallow
bogs only a moderate distance from the sea during summer.
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4.2. Influences of human activities
The home ranges of all three collared Père David’s deer appeared to overlap considerably
with farmlands during winter and spring. The deer were observed shifting their home range
from a habitat predominated by spartina to farmland in winter and spring. They also had
significantly larger home ranges in these two seasons when compared to those in autumn
and summer. The collared deer moved outside the nature reserve in the late winter and early
spring. In white-tailed deer, there similarly was a trend towards using agricultural crop lands
more than it was available during the growing season and a shift to forested and human-
developed areas during the winter (Lewis 2015). Hu and Jiang (2002) suggested that during
their releasing trial, rewild Père David’s deer foraged on the farmlands, causing conflict with
the local people in experimental area.
Our data showed that the collared deer went outside the reserve in February and March,
and D1 sometimes also went outside the reserve in April. The deer dispersed into nearby
farmlands, crossed the roads and made excursions of 2.7 km from the boundary of the nature
reserve. Food shortages in the nature reserve during those periods are one possible explanation for why they ventured outside the boundary. They may have moved out from the
nature reserve in search of food, thus expanding their home ranges. There were reports by
native residents of deer being present in the surrounding farmland. In general, the released
deer were best suited to the utilization of spartina and reed habitats. However, when the
spartina and reeds were no longer green in the coastal area in the late winter and early
spring, the new leaves of wheat appeared in the farmland. The deer grazed the green leaves
of wheat. Locals considered the depredation as a serious problem but showed remarkable
levels of tolerance to the damage made by the deer.
Based on our data, 93% of GPS fixes from the study were located inside the nature reserve.
Collared deer remained within the nature reserve most of time. The shape of this part of the
nature reserve is triangular, with one side extending into the Yellow Sea and the other two
sides bordered by roads. These days, more than 200 wild Père David’s deer inhabit this area,
which has grown from the 45 founders released from paddocks since 2002. Although this
area is open and without any fences, the deer seldom crossed the roads, except in the late
winter and early spring. Presumably, the deer are exposed to a high risk of colliding with
vehicles when crossing roads, which may deter them from leaving the reserve more often.
Roads are semi-permeable barriers to the movement of animals (Jaeger & Fahrig 2004).
Jaeger and Fahrig (2004) discouraged the use of fences when animal population sizes are
stable or increasing, or if the animals need access to resources on both sides of the road. In
our study area, there were no fences constructed around the reserve; however, the roads
around the reserve acted as invisible barriers.

4.3. Management implications
Home range and its seasonal changes is important and need to be understand in wildlife
management and animal conservation (Woodroffe & Ginsberg 2000; Yahner 2011). For reintroduced and rewild animals, understanding seasonal home range patterns would benefit
protected species and local people by reducing the negative human–deer interactions (Lewis
2015; He et al. 2016). Even with the small the number of Père David’s deer collared with GPS
in this study, it is still of great importance, as it provides information on the spatial ecology
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of released Père David’s deer in the coastal wetlands of the Yellow Sea. The results demonstrate the home range size and seasonal distribution of Père David’s deer in the area and
provide possible explanations for the findings, including the influence of resource availability
and human activity. To restore the populations of released Père David’s deer and achieve
the target of wild populations of a once-extinct species, a concerted conservation effort is
needed that implements measures to improve the existing trends. In addition to the frequently utilized habitats distributed in the northwest part of nature reserve in the coastal
wetlands of the Yellow Sea, many more inshore parts of the wetlands are needed to be
recovered into suitable habitats for the Père David’s deer. As the population density of Père
David’s deer increases over generations of free-ranging deer, so more available space is
needed for the deer’s growth and development and to reduce the human-wildlife conflict
and to ensure the conservation of Père David’s deer in the nature reserve.
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