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Abstract:

Resource availability is a key factor affecting habitat use by animals across all habitat selection scales,
from species distribution to individual behaviour. As vegetation structure and composition vary with dif-
ferent terrain features, topography is expected to influence the distribution of resources used by animals.
We, therefore, tested topographical differences in resource availability and habitat use by animals, using
the Korean water deer Hydropotes inermis argyropus Heude, 1884 as our study subject. We surveyed deer
field signs and built habitat use models using each of three topographic features ridge, slope and valley.
The models were based on variables related to vegetation cover in the understory, mid-story and overstory
and to food availability (forbs, shrubs and graminoids). The availability of both food and cover differed
with topography; the habitat use pattern of the Korean water deer reflected this topographical variance in
resource distribution. The faecal sign frequency was the highest on the ridges, where the deer prioritised
sites with more understory cover over food, using them for resting. Most feeding activity occurred in the
valley, where the deer selected sites containing abundant food, prioritising this over understory cover. On
the slope, deer selected sites with more canopy cover. The results showed that topography had a significant

influence on habitat selection by the deer, mediated by resource distribution.
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Introduction

Resource allocation, including time, space and en-
ergy, is essential for wildlife survival strategies
(ZHANG 2000). In particular, habitat use is the opti-
mal way in which resource allocation can be exploit-
ed (LEE et al. 2017). Spatial and temporal variations
in habitat use are the result of changes in the quantity
and quality of resources (WIENS 1989, HIRZEL & LE
Lay 2008). Spatial variances in habitat use have in-
deed long been recognised as a functional theme in
wildlife ecology (MANCINELLI et al. 2015).
Topography is one of the main factors un-
derlying spatial heterogeneity in habitat structure.
Numerous studies have demonstrated how topogra-
phy affects habitat selection by wildlife at landscape
and regional scales (MYSTERUD 1999, PompILIO &
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MEeriGGI 2001, LoNE et al. 2014). However, its in-
fluence on habitat use by animals is not clearly un-
derstood, although the impacts of topography on
vegetation, an important habitat factor for animals,
is recognised (ALEXANDER et al. 2016). Topography
causes variations in vegetation structure and compo-
sition by altering the influence of solar energy, wind
exposure, hydrology and geochemistry (MOESLUND
et al. 2013). Therefore, we expected that topography
would affect the distribution of vegetative resources
used by animals.

Topographical differences in resource avail-
ability, such as the quality and quantity of food,
availability of sustainable cover for shelter and rest-
ing and water availability influence habitat use and
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selection by animals (Gopvik et al. 2009, HWANG et
al. 2014, Park et al. 2014). If resource distribution
follows a topographical pattern, then this should be
reflected in habitat use by wildlife. Thus, comparing
resource selection among topographies can help in
understanding animal survival strategies. In the con-
text of habitat management, it also provides insight
into how topographical differences in habitat struc-
ture should be managed.

The Korean water deer Hydropotes inermis ar-
gyropus Heude, 1884 an endemic subspecies of the
Korean Peninsula, is abundant in low mountainous
and riparian areas (WoN & SmitH 1999, Kim & LEE
2011). Deer-facilitated crop damage and vehicle-
wildlife conflict (including roadkill) have become
severe problems in South Korea (JUNG et al. 2011,
LEE et al. 2017). However, despite its high popula-
tion density in South Korea, few studies have been
undertaken on the Korean water deer. If the deer are
to be managed effectively on the Korean Peninsula,
it is essential to understand how they use habitats
and, in particular, how this is influenced by topog-
raphy. The low mountainous habitats inhabited by
most Korean water deer have highly rugged terrains.
This heterogeneity could result in topographical
variances in resource availability. Thus, we expected
that topography would affect habitat use by the deer.

We, therefore, studied habitat selection by the
Korean water deer in different terrains, characterised
by differences in vegetation cover and food avail-
ability, in a low mountainous area. We hypothesised
that: 1) resource distribution, i.e. cover and forage
resources, would vary with topography and 2) the
habitat selection strategy of the Korean water deer
would differ among topographies according to re-
source availability.

Materials and Methods

The present study was conducted from May to
September 2016 in the low mountainous area of
Maehwa Mt., Hongcheon, South Korea (N37 40,
E127 52). The annual precipitation in the region is
828 mm, the annual mean temperature is 10.8°C
(range: 35.7 to —19.6°C) and the altitude ranges from
250 to 450 m a.s.l. The dominant tree species are the
Chinese cork oak Quercus variabilis (Blume, 1851),
Mongolian oak Q. mongolica (Fisch, 1850), Korean
red pine Pinus densiflora (Siebold & Zucc, 1842),
Korean pine P. koraiensis (Siebold & Zucc., 1842)
and the Japanese larch Larix kaempferi (Carricre,
1856) (Korea ForesT SErvICE 2012). We selected
the study area based on the presence of the following
topographic features: a ridge (a continuous elevated
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crest), slope (a surface that rises at an angle to the
horizontal) and valley (a relatively low area between
mountains, usually with streams). Three transects (1
km long and 4 m wide) were selected in each topog-
raphy (i.e. nine in total in the study area), spatially
separated from each other by a distance of 500 m.

In August 2016, we established 40 circular
plots (diameter = 5 m) at 25 m intervals along each
transect (RHM et al. 2015), corresponding to the
square plots mentioned above. These circular plots
were used to measure habitat variables describing
vegetation cover and available food resources (Table
1). We measured vertical vegetation cover in each
circular plot to represent cover resources available
for the Korean water deer. Five categories of ver-
tical vegetation cover were delineated within each
circular plot: vO (0—1 m), vl (1-2 m), v2 (2-8 m),
v8 (8-20 m) and v20 (20-30 m). Vegetation cover-
age was measured based on the percentage of foliage
cover: 0 (percentage coverage = 0%), 1 (1%—-33%),
2 (34%—66%) and 3 (67%—-100%) (SonN et al. 2017).
As forbs, shrubs and graminoids are known to be ma-
jor forage resources used by the Korean water deer
(Km et al. 2011), we measured their coverage (%)
within each circular plot from ground level to 2 m
height (Ram 2013, HWANG et al. 2014). We did not
measure the distance of transects from water sources
in the study area. Most transects were within 200 m
of a water source: there were many small streams in
the valleys in the study area in summer. Therefore,
the Korean water deer that were using ridge and
slope locations would still have good access to water
and we assumed that the distance from water sources
did not influence habitat use.

We recorded total field signs, including faecal
and feeding signs, of the Korean water deer once
per month during the study period. We conducted
three tracking sessions along each of the nine tran-
sects. Only fresh field signs were counted during
the present study. In order to avoid duplication, we
recorded GPS coordinates and took photographs of
each field sign. In the case of faecal pellet groups,
we removed them from transects after each survey.
Moreover, only fresh pellet groups containing four
or more pellets were counted. When recording feed-
ing signs, a plant exhibiting one or more feeding
signs was counted as a single unit.

Faecal pellet counts have previously been used
by ecologist to study habitat use by animals such
as deer and rabbits (Mansson et al. 2011). Deer
defecate randomly rather than accumulatively, so
their faecal signs should increase proportionally
with increasing time for which deer are present in
a locality. Therefore, we used the number of faecal
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Table 1. Description of cover and forage variables.

Variable Description
v0 Coverage™* (0, 1, 2, 3) of vegetation from ground to 1 m
vl Coverage (0, 1, 2, 3) of vegetation from 1 to 2 m
Cover v2 Coverage (0, 1, 2, 3) of vegetation from 2 to 8§ m
v8 Coverage (0, 1, 2, 3) of vegetation from 8 to 20 m
v20 Coverage (0, 1, 2, 3) of vegetation from 20 to 30 m
forb Coverage (%) of forb from ground to 2 m
Forage shrub Coverage (%) of shrub and sapling from ground to 2 m
graminoid Coverage (%) of graminoid from ground to 2 m

*In each vertical cover layer, coverage was measured based on the percentage of foliage cover: 0 (percentage coverage
=0%), 1 (1%-33%), 2 (34%—66%) and 3 (67%—100%) (SoN et al. 2017)

Table 2. Rotated component matrix for the vertical veg-
etation structure variables.

FAC1* FAC2* FAC3*

Variance 27.50% 25.23% 21.29%
v0 0.79 -0.05 -0.27
vl 0.71 0.36 -0.25
v2 0.25 0.27 0.85
v8 -0.42 0.61 -0.44
v20 -0.03 0.83 0.14

*FACI1, FAC2 and FAC3 are the three cover variables re-
duced from the original five (v0, v1, v2, v8 and v20) with
principal component analysis, in order to prevent multi-
collinearities among the variables.

signs recorded per tracking day in each square plot
as a habitat use index (no. of field signs per 100 m;
Rum & LEg 2007, HWANG et al. 2014, Eom 2017).
We also calculated the frequency of feeding signs in
order to compare deer feeding activities among the
topographies.

The mean values of habitat variables and field
sign frequency among the topographies were com-
pared using Kruskal-Wallis tests. In order to avoid
multicollinearity, we used principal component anal-
ysis (PCA) to reduce the number of cover variables
from five (v0, v1, v2, v8 and v20) to three (FACI,
FAC2, FAC3) before model analysis. Vegetation
coverage values from ground to 1 m height and from
1 to 2 m in FAC1, from 8 to 20 m and over 20 m in
FAC2 and from 2 to 8 m in FAC3 were determinative
(Table 2). Thus, we assumed that the determinative
vegetation layers were represented by FAC1 (under-
story), FAC2 (overstory) and FAC3 (midstory).

We used Generalized Linear Models (GLMs)
with a Poisson distribution to evaluate habitat se-
lection by Korean water deer (Eom 2017). We built
habitat selection models for each topography, each

of which included three cover variables (FACI,
FAC2 and FAC3) and three food variables (forbs,
shrubs and graminoids). The total number of field
signs in each square plot was the dependent variable
of the models. Then, we ranked the models for each
topography using the corrected Akaike information
criterion (AIC). In order to examine multicollineari-
ties among variables in the first models, we exam-
ined whether or not variance inflation factors (VIF)
of variables in the habitat use models had values >
3 (Zuur et al. 2010). We used the SPSS statistical
package version 23.0 to perform the Kruskal-Wallis
tests and PCA and the MuMIn package in R ver-
sion 3.4.1 for the model analysis and evaluation
(MANCINELLI et al. 2015).

Results

The mean values of all cover and food resource vari-
ables differed significantly among the ridge, slope
and valley (Kruskal-Wallis test, ¥>>12.09, p<0.01).
In terms of cover availability, understory cover (i.e.
cover resource under 2 m height), was more abun-
dant on the ridge and valley as compared with the
slope. Additionally, the vertical distribution of can-
opy cover (over 2 m height) varied among topogra-
phies. The densest of all canopy layers was found
on the slopes. Food availability also varied with
topography. The valley contained abundant forbs
and shrubs, the ridge contained plentiful shrubs and
graminoids, whereas the slope had poor food avail-
ability (Table 3).

In order to determine how habitat selection
of Korean water deer depended on topography, we
measured frequency of faecal and feeding signs as
a relative habitat use and feeding activity index, re-
spectively. The faecal sign (3*=140.15, p<0.001) and
feeding sign (¥*=87.10, p<0.001) frequencies of the
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Table 3. Differences in cover and forage variables (mean = SE) among topographies in a low mountainous area, Mt.
Maehwa, Hongcheon, South Korea estimated using a Kruskal-Wallis test.

Variable Topography e p
Ridge Slope Valley

v0 1.78 £0.71* 1.17 £ 1.00° 1.86 +0.96° 36.85 <0.001

vl 1.27 £0.70* 0.97 £0.81° 1.32+£0.96° 12.09 <0.01

Cover v2 1.42 +1.03° 2.14+0.87¢ 2.32+£1.05° 52.99 <0.001
v8 1.67+1.11° 1.75 £ 1.06* 1.01 £ 1.05% 31.65 <0.001

v20 0.00 + 0.00° 0.63 +£0.93¢ 0.43 +0.68° 58.65 <0.001

forb 4.07 £9.90° 7.77 £ 13.08° 20.34 +25.04° 38.66 <0.001

Food shrub 24.12 +18.89¢ 11.40 +16.03" 24.09 + 31.45° 34.95 <0.001
graminoid 19.96 £ 17.65* 9.24 + 14.87° 4.50 + 10.46¢ 95.13 <0.001

Rows with different superscript letters indicate significant differences. Cover variables represent vertical layers of
vegetation coverage: v0 (0—1 m), vl (1-2 m), v2 (2-8 m), v8 (8—20 m) and v20 (20-30 m). Forage variables represent

food item coverage from ground to 2 m (see Table 1).

Table 4. Differences in observed fecal and feeding signs (no./100 m, mean = SE) of Korean water deer Hydropotes
inermis argyropus among topographies in a low mountainous area, Mt. Machwa, Hongcheon, South Korea estimated

using a Kruskal-Wallis test.

Topography
Field sign L p
Ridge Slope Valley
Feces 3.94 +6.65* 0.36+1.51¢ 2.37 +6.43° 140.15 <0.001
Feeding 0.19 +1.08¢ 0.96 + 4.04° 6.14 £20.18° 87.10 <0.001

Rows with different superscript letters indicate significant differences.

deer were significantly different among the topogra-
phies. Faecal frequency was the highest on the ridge
and yielded high values in the valley but was rela-
tively low on the slope. The distribution of feeding
signs was highly concentrated in the valley, whereas
feeding behaviour occurred rather infrequently on
the ridge and slope (Table 4).

We modelled habitat selection of Korean water
deer in each of the topographies, based on cover re-
sources (in the understory, midstory and overstory)
and on food resources obtained from forbs, shrubs
and graminoids. The models revealed that habitat
selection by the deer was dependent on topography.
The top three models in each topography, with an
AAIC value of <2, are shown in Table 5.

On the ridge, the best models for habitat se-
lection by Korean water deer had an Akaike weight
(®) of 0.18-0.41. The models were constructed as
follows: first model 0.52 + 0.49 x FAC1 — 0.22 x
FAC2 - 0.01 x forb — 0.01 x shrub — 0.01 X grami-
noid (y*-test, deviance=-39.96, p<0.001); second
model FAC1, FAC2, FAC3, forb, shrub and grami-
noid and third model FAC1, FAC2, FAC3, shrub and
graminoid. The ridge models indicated that the deer
tended to use sites with an abundant understory and
poor overstory.
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On the slope, first model was —1.31 + 0.25
x FAC1 + 0.19 x FAC2 + 0.10 x FAC3 (devi-
ance=11.22, p=0.01). Cover resource in the under-
story (FAC1) and overstory (FAC2) were the two
dominant predictor variables in the second-ranked
model for habitat selection. The third model con-
tained FAC1, FAC2, FAC3 and graminoid.

In the valley, the best models had an Akaike
weight (@) of 0.31-0.69. The first model was 0.05
+0.22 x FAC1 + 0.19 x FAC3 + 0.01 x forb + 0.02
x shrub + 0.03 x graminoid (deviance=78.02,
p<0.001). Moreover, the second model contained
FAC1, FAC2, FAC3, forb, shrub and graminoid
(Tables 5 and 6).

In the ridge and valley habitat-selection mod-
els, the food variables coefficients did not explain
the impact of food availability on habitat selection
by the deer. However, there were constantly positive
tendency of forb, shrub and graminoid variables in
the valley model and negative tendency of three food
variables in the ridge model. Additionally, the p-val-
ues of variables in the ridge and the valley models
were highly significant. Thus, we interpreted this
as indicating that the influence of food availability
on habitat selection by the deer was positive on the
ridge and negative in the valley.



Table 5. Models based on the corrected Akaike information criterion (AIC ) built to explain the observed field signs
for Korean water deer Hydropotes inermis argyropus in each of three topographies ranked by the AAIC, value derived

from a Generalized Linear Model with Poisson distribution.

Topography | Model AIC, AAIC, o R?
Ridge [intercept + FAC1 + FAC2 + forb + shrub + graminoid] 1274.02 0.00 0.41 0.14
[intercept + FAC1 + FAC2 + FAC3 + forb + shrub + graminoid] 1274.03 0.01 0.41 0.15
[intercept + FAC1 + FAC2 + FAC3 + shrub + graminoid] 1275.64 1.62 0.18 0.14
Slope [intercept + FAC1 + FAC2 + FAC3] 654.22 0.00 0.11 0.05
[intercept + FAC1 + FAC2] 654.25 0.04 0.11 0.04
[intercept + FAC1 + FAC2 + FAC3 + graminoid] 654.37 0.15 0.10 0.05
Valley [intercept + FAC1 + FAC3 + forb + shrub + graminoid] 2344.61 0.00 0.69 0.40
[intercept + FAC1 + FAC2 + FAC3 + forb + shrub + graminoid] 2346.18 1.57 0.31 0.40

The table exhibits the top three models for the ridge and valley topographies with an AAIC, value <2. The valley
topography only yields two models with AAIC, <2. FAC1, FAC2 and FAC3 were derived with principal component
analysis (PCA) from vertical layers of vegetation. FAC1 represents cover resources in the understory (ground level to
2 m height), FAC2 represents cover in the overstory (over 8 m height) and FAC3 represents cover in the mid-story (2
m to 8 m height). Forb, shrub and graminoid represent food resources from ground level to 2 m height.

Table 6. Coefficients of the first Generalized Linear Mod-
els with Poisson distributions for summer habitat selec-
tion by Korean water deer Hydropotes inermis argyropus
depending on topography.

Model | Variable | Coefficient | SE z P
Intercept 0.52 0.11 | 4.84 | <0.001
FAC1 0.49 0.09 | 5.51 |<0.001
FAC2 -0.22 0.05 | 4.79 | <0.001
Ridge FAC3
forb —-0.01 0.01 | -2.13 | 0.03
shrub —0.01 0.00 | =3.71 | <0.001
graminoid -0.01 0.00 | —4.61 | <0.001
Intercept -1.31 0.13 | -9.93 | <0.001
FACI1 -0.25 0.10 | —2.61 | <0.01
FAC2 0.19 0.11 | 1.79 0.07
Slope FAC3 0.10 0.07 | 1.47 0.14
forb
shrub
graminoid
Intercept 0.05 0.08 | 0.55 0.58
FACI1 -0.22 0.05 | -4.28 | <0.001
FAC2
Valley FAC3 0.19 0.03 | 7.05 | <0.001
forb 0.01 0.00 | 6.43 | <0.001
shrub 0.02 0.00 | 9.31 | <0.001
graminoid 0.03 0.00 | 9.59 | <0.001

Discussion

In terms of habitat use, animals usually prefer to se-
lect different habitat structures to meet the require-
ments of different behaviours such as feeding or ref-
uge. In our study, topography created a spatial vari-
ance in vegetation structure that was highly related
to the distribution of resources available to the deer,
such as food and cover. The deer were observed to
adjust their habitat use and behaviour according to
this topographical distribution of food and cover re-
sources.

Faecal sign frequency was the highest on the
ridge, while feeding sign frequency was the lowest
in this topography. Cervids spend most of their time
in resting and feeding (KiE et al. 1991). In summer,
water deer feed and rest for 59% and 40% of the day,
respectively (ZHANG 2000). Therefore, we deduced
that the Korean water deer in our study were engag-
ing in resting behaviour for most of their time spent
on the ridge. Furthermore, the deer favoured sites on
the ridge with more understory cover, rather than se-
lecting sites for food and overstory cover. Sufficient
understory cover is essential for finding suitable
resting sites that provide refuges from predators
(MYSTERUD & OSTBYE 1999, BOLEN & ROBINSON
2003). At our study site, understory cover was more
abundant on the ridge than on the slope but was also
abundant in the valley. However, Korean water deer
mostly used the ridge rather than valley for resting.
On the ridge, the amount of flies and mosquitos is
usually low, due to the more prominent wind. This
is also the reason for choosing rest sites with less



Eom T K, H. S. Hvang, J. K. Lee & S. J. Rhim

overstory, which serves as a more effective barrier
for these insects. Topography is again the probable
explanation for this, by directly influencing behav-
iour related to movement, predator avoidance and
rest (MYSTERUD & OSTBYE 1999, DicksoN & BEIER
2007). Topographical features affect the hunting
success of predators and flight tactics of their prey,
creating a topography-dependent landscape of fear
(LoNE et al. 2014). At our study site, the wide views
from the ridge allowed the deer to detect predators
at greater distances, thus enabling them to escape
predation more easily (LINGLE 2002) and explaining
why the ridge was preferred as a resting site, despite
both ride and valley having abundant understory
cover. RATIKAINEN et al. (2007) report that roe deer
Capreolus capreolus (Linnaeus, 1758) use elevated
locations as resting sites in habitats where predators
are present. Similarly, FARMER et al. (2006) state
that topography, especially flat terrain, potentially
heightens the risk of predation and consequent mor-
tality of Sitka black-tailed deer Odocoileus hemio-
nus sitkensis (Richardson, 1892).

Vegetation usually has dual roles for rest-
ing deer: it provides climate and predatory cover
(MYSTERUD & OSTBYE 1999). Climate cover protects
the deer against adverse weather conditions, such as
radiation, rain and wind; deer often use vegetation
canopy as a climate cover (RATIKAINEN et al. 2007).
Canopy cover was most abundant on the slope. The
Korean water deer selected sites with more cover in
the midstory and overstory rather than understory
layers. This could be due to requirements for ther-
moregulation, with canopy cover used to avoid hot
radiation in the summer. Similarly, roe deer have
been reported to prefer dense canopy cover in order
to avoid hot sunlight in summer (MYSTERUD 1996,
MANCINELLI et al. 2015).

The feeding activity of Korean water deer ap-
peared to be affected by topographical variances in
food availability. In this study, most feeding signs
(84%) were observed in the valley, where forb, a
high-quality food item, was abundant. Forbs are
known to be an important summer food resource for
Korean water deer (Kim et al. 2011). Furthermore,
the nutritional quality of plants for herbivores usu-
ally depends on soil fertility. In hydrological pro-
cesses, soil minerals are concentrated by the ridge
to valley water flow, meaning valleys have a high-
er soil fertility (LiIKENsS & BORMANN 1999). In our
study, Korean water deer responded to the distribu-
tion of high-quality food by preferring the valley
site, which contained more food resources. This re-
sult contrasted with the habitat selection in the other
topographies. On the ridge and slope, there was a
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lack of feeding signs, with the deer preferring sites
with more cover rather than food. Therefore, we as-
sumed the valley to be the main deer feeding site
during summer, owing to the availability of plentiful
food. Water availability in the valley could also af-
fect habitat selection by Korean water deer because
streams or wetlands are essential to their survival
(You 2000, KM et al. 2011).

Trade-off is a well-known habitat use strategy
employed by cervids, in which deer select one re-
source over another in accordance with the immediate
purpose of the behaviour, because they cannot satisfy
all needs in one location. The representative trade-off
is that deer usually select food rather than cover at
feeding sites (MYSTERUD et al. 1999). A trade-off can
also vary according to factors determining resource
distribution, such as landscape structure and season
(Gopvik et al. 2009). In our study, we observed that
trade-off patterns differed depending on topography.
Water deer behaviour, especially feeding and rest-
ing, reflected topographical differences in resource
availability. Thus, the highest priority resource for
the Korean water deer altered with topography: when
feeding in the valley, they prioritised food resource
rather than cover and when resting on the ridge, they
prioritised cover over finding food.

Furthermore, there was a seasonal variation in
trade-offs in the study area. In a previous study, we
had carried out an experiment with the same design
as the current study but in winter (Eom 2017), with
the earlier study yielding quite different results. We
did not observe a topography-dependent trade-offs
in winter and Korean water deer exhibited similar
feeding activities and selected sites with more abun-
dant food in all topographies. These contrasting re-
sults between summer and winter studies are prob-
ably caused by seasonal changes in food availability.
In winter, the deer have to search for food in all to-
pographies to satisfy their nutritional requirements
because of the dramatic decrease in the availability
of high-quality food, such as forbs.

In conclusion, our study determined that topog-
raphy highly influenced habitat use by the Korean
water deer in a low mountainous area during summer.
The topographical influence on habitat use by ani-
mals may vary in different landscape structures. An
understanding of the topographical influence on habi-
tat selection in various landscapes will, therefore, be
helpful in improving our understanding of habitat use
of animals in highly heterogeneous habitats. Further
study of the topographical influence on habitat use by
Korean water deer is required across various habitat
types on the Korean Peninsula, in order to support im-
proved management of the deer and their habitat.
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