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Abstract Water deer (Hydropotes inermis) belong to the
genus Hydropotes, which is ecologically well adapted for
environments ranging from desert to forest. Water deer tend
to occupy the richest areas between forest and grasslands.
There are two distinct subspecies in far East Asia: one
in China (H. inermis inermis), and the other in Korea
(H. inermis argyropus). Despite being listed as vulnerable
on the International Union for Conservation of Nature
(IUCN) Red List, little is known about the water deer. The
species occurs in most areas of the Korean peninsula, except
for Seoul and Jeju Island. Kyunggi Province near Seoul
showed the lowest rate (56%) due to urbanization. There was
a high difference in their presence between inland (81%) and
coastal (60%) areas . In addition, large cities (67%) showed
much lower rates than did rural areas (83%) where human
population size is relatively low. Water deer are distributed
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differently based on habitat type, with differences in mean
density observed among lowland (6.93 ind./km?), moun-
tainous (1.91), and urban (1.27) areas. There was also a
difference in mean density between low-elevation and high-
elevation areas. Finally, whereas the deer preferred land-
scapes with 20°-25° of slope and broadleaf forest
(P < 0.01), they did not avoid areas with other types of
slopes and habitats.

Keywords Distribution map - Elevation - Feces -
Habitat type - Habitat use - Transect-line census

Introduction

Water deer (Hydropotes inermis) inhabit temperate climates
that experience frost and snow in winter. There are two
distinct water deer subspecies (or populations) in far East
Asia. One lives in China (H. i. inermis Swinhoe 1870) along
the Yangtze River, and the other (H. i. argyropus Heude
1884) lives in Korea (Geist 1998). Exceptionally, a small
number of individuals from the Chinese subspecies were
introduced to the UK and France (Cooke and Farrell 1998).
The genus Hydropotes is well adapted to various types of
habitat. Water deer occupy the richest areas between forests
and grasslands in temperate but not in warm climates (Geist
1998) and are most commonly found in dense grasses and
reeds and often on shrubby slopes. Neither sex has antlers,
but males have a pair of long, sharp canines, characteristics
shared with the earliest deer species (Geist 1998). Geo-
graphically, H. inermis occurs close to the New World Arctic
and Beringia, which was probably where all extant New
World deer originated before the Pleistocene (Geist 1998).
Historically, the Chinese water deer (H. i. inermis) was
abundant and extensively distributed throughout China
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(Cooke and Farrell 1998). However, both its range and
abundance have been greatly reduced due to habitat loss
and illegal hunting for food and medicine (Wang 1998),
and it is estimated that there are currently only about
10,000 water deer in the whole of China (Butzler 1990).
Classified as vulnerable on the International Union for
Conservation of Nature (IUCN) Red List (Harris and
Duckworth 2008) and defined as vulnerable in China
(Wang 1998), the Chinese water deer has been the subject
of many recent ecological and genetic studies (Xu et al.
1999; Wang 1998; Zhu et al. 2004; Hu et al. 2006, 2007).

In contrast, the Korean water deer (H. i. argyropus) has
been less studied (Lee 2003). It was once fairly abundant
throughout Korea, inhabiting the ranges of Mt. Taebaek
and Mt. Nangrim, in particular (Won and Smith 1999).
Although this subspecies appeared to be locally abundant
throughout most of its former range, its range and popu-
lation size was seriously reduced due to excessive poaching
and habitat destruction in the 1990s (Woo et al. 1990). The
Korean water deer now occurs in a variety of wild habitats.
It prefers dense forest and early successional vegetation
and is therefore commonly found in lowland mountainous
areas or riparian communities (Won and Smith 1999).
Korean water deer are also frequently observed near agri-
cultural areas (Won 1967), a habitat preference that causes
serious conflicts between local farmers and the deer. To
understand Korean water deer ecology, it is essential to first
understand its distribution, density, and habitat use, espe-
cially as its population size has not yet been accurately
estimated. In particular, information on distribution and
density of wild animals is considered to estimate popula-
tion dynamics related to global climate change (Marques
et al. 2001). Furthermore, understanding patterns of habitat
use is critical in developing effective management strate-
gies, both in general as well as in the context of climate
change (Marques et al. 2001).

The general purpose of this study was to address the
fundamental ecology of the Korean water deer. Specifi-
cally, the three goals of the study were: (1) to present a
qualitative distribution map and examine distribution
patterns in South Korea; (2) to compare density in different
habitat types and at different elevations; and (3) to analyze
patterns of habitat use using geographic information
system (GIS) techniques.

Materials and methods
Sampling sites
We designated three types of habitat: lowland (Pocheon

City, Kyunggi Province; Cheorwon County, Kangwon
Province), mountainous (Pocheon and Cheorwon), and
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urban (Dongnae-gu, Busan Metropolitan City, and Gimhae
City, Kyungnam Province). Pocheon and Cheorwon tend to
experience much less human disturbances than the other
two cities (Dongnae and Gimhae). Kyungnam Province, on
the other hand, has been actively developed and had a
much higher population growth rate than Kyunggi and
Kangwon Provinces during the last few decades.

Distribution

To determine Korean water deer distribution, we used
previous survey data collected by field experts in the
Korean peninsula over a 6-year period (Ministry of Envi-
ronment of Korea 2000-2005). Data included qualitative
results (e.g., presence or absence at survey sites) but not
quantitative results (e.g., number of individuals observed at
survey sites), because correct global positioning system
(GPS) data was not available from the previous surveys
(Ministry of Environment of Korea 2000-2005). All
information on the presence or absence of deer (e.g., direct
observation, indirect observation of feces or other tracks,
and communication with local people) was used to make a
distribution map. To analyze distribution patterns, we then
counted the number of sites where the deer was present or
absent and compared the proportions of deer presence
under several factors (e.g., location, water availability, and
human population size).

Density

To date, most habitat use analyses have used telemetry
data. However, when telemetry is unavailable due to
tracking problems, defecation distribution has been used to
analyze cervid habitat use (Welch et al. 1990; Borkowski
2004). Whereas disadvantages to using defecation distri-
bution have been reported (Collins and Urness 1981), other
studies have shown similarities between results obtained
from fecal deposit distribution and radio telemetry data
(Guillet et al. 1995). Therefore, to compare water deer
density in different habitats, we conducted a transect-line
census of the number of fecal deposits during 2008 at three
different target areas. All fecal deposits within 1 m of
either side of the track were counted. Coordinates of all the
fecal deposits were recorded using a GPS. Water deer
density was then estimated using the following equation:

Dlind./km?] = n x 10°/(Stf)

where n is the number of fecal deposits found on the plot,
S is the size of the plot in m?,  is the time (in days) of plot
exposure, and f'is the defecation rate of the species (Dobias
et al. 1996). Kruskal-Wallis test was used to compare
mean density among lowland, mountainous, and urban
areas. Mann—Whitney U test was used to compare density
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between low and high elevations. We used only data from
the feces census in the lowland and mountainous areas of
Pocheon and Cheorwon, as we lacked GPS coordinates for
fecal deposits in the other site.

Habitat use

To assess habitat use, we used the GPS coordinates from
the fecal census in Cheorwon only (47 fecal deposits),
as there were small sample sizes in the other sites. To
determine slope-type preference, a contour map extracted
from a topographical digital map (1:25,000) was converted
into a slope map (Raster file, 10 m x 10 m pixel). The
slopes were divided into six groups: 0°-4.99°, 5°-9.99°,
10°-14.99°, 15°-19.99°, 20°-24.99°, and >25°. All pixels
through the transect-line for each survey were counted, and
pixel counts were defined as expected (or available) fre-
quency of each slope. Pixel counts of feces were defined as
the observed frequency of each slope and analyzed by a
chi-square test for goodness-of-fit of observed to expected
slope type (Neu et al. 1974; Byers and Steinhorst 1984;
White and Garrot 1990). This chi-square test was used
to determine whether there was a significant difference
between the expected utilization of slope types (based upon
their availability) and the observed frequency of use (Byers
and Steinhorst 1984). If significant differences were found,
Bonferroni confidence intervals (BCI) were used to deter-
mine which slope types were preferred or avoided (Byers
and Steinhorst 1984; Kiyota et al. 2005). CIs (pi) are
defined as follows:

Pi — zyu\/ Pi(1 = pi) /n <pi <pi + 2/ Pi(1 = pi) /n

where o = 0.05, p; is the proportion of observed plots in
slope type i, and z,/5; is the upper standard normal variant
corresponding to a probability tail area of o/2k; k and n are
the number of slopes and the total number of observed
plots, respectively. We compared expected proportions
with CIs. To determine habitat type preference, the land-
use map (1:25,000) was digitized and converted into a
Raster map (10 m x 10 m). After modification, the map
was categorized into eight habitat types: residential area,
broadleaf forest, coniferous forest, mixed forest, agricul-
tural area, paddy field, grassland, and bare land. Habitat use
analyses were then carried out with ArcMap version 9.3

(ESRI Inc., USA) with the same method used for slope-
type analysis. Both descriptive and nonparametric statistics
were used with SPSS version 12.0 (SPSS inc., USA).

Results
Distribution

Except for Seoul and Jeju, Ulleong, Dok, and other islands,
water deer occur in most areas of the Korean peninsula
(Fig. 2). They were least common in Kyunggi, where they
were found in 56% of the province. They occurred in
76-92% of all other provinces (Fig. 2). Deer distribution
was also different among habitat types (Fig. 2). They were
found in about 81% of inland areas but only in 60% of
coastal areas and islands (Fig. 2). They occurred less
commonly in large cities [(67%; metropolitan city, popu-
lation size = about 1,045,000-9,820,000 (71%) and city,
about 52.000-1,069.000 (66%)] than in rural areas [county,
about 20,000-137,000 (83%)], where human population
size is lower (Ministry of Construction and Transportation
2007; Fig. 2).

Density

One hundred seventy fecal deposits were found in the three
habitats (n = 101, 60, and nine fecal deposits in low-
land, mountainous, and urban areas, respectively; Table 1).
Mean densities in lowland, mountainous, and urban areas
were 6.93 + 7.94, 1.91 & 1.53, and 1.27 # 0.95 ind./km?,
respectively (Table 1), but there was no significant differ-
ence among the three habitats (Kruskal-Wallis test, df = 2,
P = 0.09). To estimate density among different elevations,
we included only lowland (low elevation) and mountainous
(high elevation) area in Pocheon and Cheorwon due to
small sample sizes in the other habitats (Table 1). Whereas
the lowland area tended to show higher mean density than
the mountainous area, mean density was not significantly
different between the two areas [Mann—Whitney U test,
n = 8 (lowland) and 12 (mountainous), P < 0.10]. How-
ever, at the level of « = 0.10, the mean density was sig-
nificantly different among the three habitats or between the
two areas.

Table 1 Korean water deer

L . Study sites Elevation  Sample  Total area  Density range  Mean density ~ Standard
densities in different habitats . 2 . . 2 o
. (m) size (n)  (km®) (min—max) (ind./km*~) deviation
and elevations
Lowland areas <300 101 29.151 0.35-24.13 6.93 7.94
Mountainous areas  >300 60 32.815 0.36-5.25 1.91 1.53
Urban areas - 9 20.829 0.08-2.38 1.27 0.95
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Table 2 Slope preference and avoidance of the Korean water deer based on fecal deposits in Cheorwon County (significant difference between
observed and expected slope types, Chi-square test, P < 0.01)

Slope (°) No. of Expected Expected Observed Bonferroni confidence
pixels proportion frequency frequency interval significant difference
0-5 517 0.36 17 11
5-10 271 0.19 9 8
10-15 288 0.2 9 8
15-20 206 0.14 7 7
20-25 103 0.07 3 11 *
>25 40 0.03 1 2
Total 1,425 1 47 47
Average slope of survey route 12.6 + 8.7°, slope range 0°-35.5°
* Proportion greater than its availability (P < 0.01)
Taple 3 Habitat preference and Habitat types No. of Expected Expected Observed Bonferroni confidence
avoidance of the Korean water ixels roportion frequenc frequenc interval significant difference
deer based on fecal deposits in P prop 4 Y d y £
Cheorwon County (Chi-square  Regidential area 40 003 13
test, P < 0.01)
Paddy field 168 0.12 5.47
Agricultural area 156 0.11 5.08
Broadleaf forest 209 0.14 6.81 17 *
Coniferous forest 464 0.32 15.11 11
Mixed forest 244 0.17 7.95 6
The broadleaf forest was the Grassland 107 0.07 3.49
most preferred habitat Bare land 55 0.04 1.79
* Proportion that was greater Total 1.443 1 47 47

than its availability (P < 0.01)

Habitat use

Overall, habitat slope ranged from 0° to 88.1° and averaged
20.1 £ 13.2°. Study sites were 43.3% broadleaf forest,
20.83% coniferous forest, 12.0% paddy field, 11.8% mixed
forest. Deer tended to prefer a slope of 20°-24.99° but did
not avoid any slope (slope, Chi-square test, P < 0.01;
Table 2). BCI analysis also showed that the Korean
water deer tended to prefer broadleaf forest but also used
other habitat types (habitat type, Chi-square test, P < 0.01;
Table 3).

Discussion

Our detailed analyses yielded patterns of water deer dis-
tribution based on location, water availability, and human
population size. Korean water deer seem to occur in most
areas of South Korea except for Seoul and Jeju Province
(Fig. 1). Deer occurred in but tended to avoid Kyunggi
Province, which is near Seoul and one of the most actively
developed areas. Other Korean mammals may show similar
distribution patterns in such urbanized locations. Second,

@ Springer

water availability is presumably very important for deer, as
they were more often found in inland areas than coastal
areas (Fig. 2). Wild mammals generally require a supply of
fresh water around their habitats. In particular, water deer
prefer areas with wetlands or streams (Zhang et al. 2006).
Whereas Chinese water deer have been reported to prefer
areas that are 200-599 m away from water sources (Zhang
et al. 2006), Korean water deer prefer habitat within 1.6 km
of water. Finally, we found that even though deer are rel-
atively well adapted to the Korean peninsula, high human
population size reduced their occurrence (Fig. 2). Water
deer and other Korean ungulate species (or subspecies) also
suffer from the risks of anthropogenic disturbances, such as
roadkill, lack of habitat, habitat fragmentation, and so on,
especially in or near large cities.

Although there was no significant difference in mean
density among the three habitat types, water deer were most
dense in lowland areas, followed by mountainous and then
urban areas (Table 1). Lowland areas might provide deer
with better cover and food, both of which are essential for
survival (B. J. Kim, personal observation). This observation
is supported by data from other locations. In China, for
instance, deer typically inhabit river shores or coastal areas



aaaaaaaaaaaaaaaa

1
g



Landscape Ecol Eng

e 100 89 92
- | 76 21819
25 80f 68
ES ol
]
3= sof
]
S5 40}
=] 30 |
X 20 F
10 -
SO KGKWCN CB JN JB KN KB II
Location
" 90 81
2 80
° . 70 60
g 3 e}
Ec sof
2 2 40+
o =
2% 30t
o 20
S 10 |
’ Inland area Coastal arsa
Location
S 90 - 83
© 80
25 0l 66
ET 6or
2 2 st
E S aof
c 301
S 20
10
Matropolitan City County
o Location

Fig. 2 Patterns of Korean water deer distribution based on location
(top), water availability (middle), and human population size (bottom).
Areas are abbreviated as follows: SO Seoul metropolitan city, KG
Kyunggi, KW Kangwon, CN Chungnam, CB Chungbuk, JN Jeonam,
JB Jeonbuk, KN Kyungnam, KB Kyungbuk Province, JJ Jeju Island.
Metropolitan city and city indicate large cities, and county indicates
rural areas

with reeds and other tall grasses, hilly grasslands, and along
lakes in lowland areas (Cooke and Farrell 1998). Such
habitats provide ample cover (e.g., reeds and other tall
grasses) and food (e.g., sedges) (Cooke and Farrell 1998). In
England, deer also occur in grasslands, arable land, reeds,
scrub, and woodlands in lowland areas (Cooke and Farrell
1998). In addition, although there was no significant dif-
ference in mean density between the two elevations, deer
were much denser at low elevations (<300 m) than at high
elevations (>300 m). Yang (2002) also reported that
Korean water deer were usually observed at low elevations
(<600 m). Based on the results of this and other studies,
then, lowland areas with low elevation are likely the most
suitable habitats.
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Based on our observations deer home range on a small
island, they usually rest and feed in lowland areas with low
elevation during the day but move to feed in mountainous
areas with high elevation during the night (Kim et al., in
preparation). In this study, the lack of significant differ-
ences in mean deer density among the three habitat types or
between the two elevations may have been due to our
limited sample size over a wide range of study sites. At the
level of o = 0.10, a significant difference was found for
both habitat types and elevations. In addition, our new
long-term study, for which we used the same density
estimation method, showed significant differences for the
same parameters (B. J. Kim, unpublished data). The major
difference between this study and that ongoing is that in the
ongoing study, we used a large sample size of feces from
one target study site (a small island) rather than a relatively
small number of fecal deposits across many different study
sites.

Finally, whereas water deer in Cheorwon preferred
20°-24.99° slopes and broadleaf forest for defecation
(Table 2), the results of this study suggest that they might
be adapted to most slopes and habitat types. In general,
wild deer prefer slopes close to 0°, but there are few places
with such slopes in mountainous areas, and carnivores
[e.g., leopard cats (Prionailurus bengalensis), martens
(Martes flavigula), weasels (Mustela sibirica), badgers
(Meles meles), and raccoon dogs (Nyctereutes procyono-
ides)] tend to use flat habitats in mountains (D. H. Oh,
personal observation). In this study, only a few water deer
fecal deposits (n = 11 of 47 points) were found on such flat
slopes, presumably, because deer are trying to avoid being
attacked by carnivores. In addition, deer appeared to select
southward-facing slanted areas to rest or keep themselves
warm during the day (D. H. Oh, personal observation). On
the other hand, deer frequently used broadleaf forest for
defecation due to its suitability for resting and/or food
plants, which are much more abundant than in other habitat
types. During the field survey, we sometimes observed that
deer fed on leaves of shrubs or arbors [e.g., black locust
(Robinia pseudoacacia), willow (Salix koreensis)] and
more frequently fed on herbs on the ground under the trees
(B. J. Kim, personal observation).

This study was intended to present a general picture of
the distribution, density, and habitat use of the Korean
water deer. Whereas the fundamental information gained in
these three areas is very useful, both quantitative distri-
bution data and more extensive density and habitat use data
are needed for future ecological studies. In addition,
whereas this study did not address human-wildlife conflict,
the issue of water deer conflict with local farmers is criti-
cally important for population management and conserva-
tion and should be thoroughly addressed.
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