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Abstract By the 1970s, brown bears (Ursus arctos) in
Hokkaido, northern Japan, were opportunistic omni-
vores that mainly depended on plant materials. Because
the sika deer (Cervus nippon) population irrupted in
eastern Hokkaido in the 1990s, we expected that brown
bears might prey on sika deer fawns. First, we developed
a simple and cost-effective method of monitoring pos-
sible bear predation on deer fawns by analyzing the
widths of deer hairs remained in bear scats. Based on
hair thickness standards, we distinguished the brown
bear consumption of deer fawns from adults by ana-
lyzing bear scats (n = 108) collected during the deer
birthing season (late May—late July) in 1999-2008. To
evaluate the importance of fawns to bears, we compared
the occurrence of fawn and adult deer hairs in bear scats
among three periods (I, 1999-2000; II, 2003-2005; III,
2006-2008) in eastern Hokkaido. The occurrence of
fawn hairs in bear scats increased from 12.5 to 27.3 % in
volume and from 6.3 to 33.6 % in frequency from per-
iod I to period III, whereas adult hairs in scats decreased
from 42.8 to 26.1 % in volume and from 34.4 to 22.7 %
in frequency during the same time. These data suggest
that bears increasingly preyed on deer fawns after the
deer population irruption and decreasingly used adult
carcasses because of the enforcement of deer carcass
treatment by the Hokkaido government.
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Introduction

Omnivores are generalist consumers that can feed on
animals with dynamic distributions and on plants with
static distributions (Bastille-Rousseau et al. 2011). As
such, they can adjust to the changing availability of food
resources, unlike obligate herbivores and carnivores
(Zager and Beecham 2006). This ecological plasticity of
omnivores allows them to occupy different trophic
positions depending on environmental conditions
(Stenroth et al. 2008).

Ursidae, with the exception of polar bears (Ursus
maritimus), have a wide range of feeding habits,
including herbivory, omnivory, and insectivory (Chris-
tiansen 2008). More than other ursids, the brown bears
(Ursus arctos) have broad ecological plasticity and the
ability to adapt to changing ecological conditions;
therefore they range more widely than any other bear
species (Servheen 1990; Stirling and Derocher 1990).
Until the 1980s, brown bears had not been considered to
be aggressive predators (Herrero 1985) but rather
opportunistic omnivores, feeding mostly on plant matter
and carcasses (Craighead and Craighead 1972; Mealey
1980; Servheen 1983). In recent studies, changes in the
foraging behavior of brown bears were reported. For
example, in northeastern Norway, bears attacked adult
moose (Alces alces) as their most important food item
under conditions of deep snow in spring, and yearlings
in poor condition and pregnant cows (Persson et al.
2001). However, most studies on bear ecology in North
America and Europe have revealed that brown bears
were important predators of ungulate neonates, and
bear predation could be a significant greater source of
neonate than adult mortality (Ballard 1992; Ballard and
Van Ballenberghe 1998; Persson et al. 2001; Zager
and Beecham 2006; Swenson et al. 2007; Blanco et al.
2011). In North America, significant increases of prey
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populations and changes in the learned behavior of
bears were suggested to have caused the changes forag-
ing behavior (French and French 1990; Gunther and
Renkin 1990).

On Hokkaido, the northern island of Japan, brown
bear and sika deer (Cervus nippon) occur in the same
habitat. Wolves (Canis lupus) were extirpated from the
island by 1890 (Inukai 1993), and the brown bear is now
the only large carnivore and is a potential predator on
sika deer. Bears range over about 60 % of Hokkaido
(Hokkaido Institute of Environmental Sciences [HIES]
2004), an area that roughly corresponds to the island’s
forested area (55,400 km?). Population numbers in the
1990s were estimated at 1,771-3,628 based on interviews
with hunters (HIES 2000).

By the mid-1880s, the deer population had declined
to threatened levels and its distribution shrank to a
limited area due to overharvest and heavy snowfalls.
However, the population recovered rapidly and by the
1990s had expanded into its former range and become
well established in eastern Hokkaido. The population’s
rebound can be attributed to long-term legislative pro-
tection and favorable habitat alterations, such as the
creation of conifer plantations and pasture (Kaji et al.
2000). Recently, the deer population has been irrupting
in eastern Hokkaido with range expansion and a rapidly
increasing population in western Hokkaido as well (Uno
et al. 2009; Kaji et al. 2010). This deer range expansion
has led to increased agricultural and forest damage. In
response, starting in 1998, the Hokkaido government
has promoted aggressive population control (Kaji et al.
2010). However, hunters often left the deer carcasses,
with meat and fur, in the fields after shooting them
(HIES 2000; Lead Poisoned Eagles Network 1999, 2000,
2001).

Until the 1980s, brown bears in Hokkaido were
considered to be opportunistic omnivores that mainly
depended on plants and used little or no meat materials
(Ohdachi and Aoi 1987; Yamanaka and Aoi 1988). Sato
et al. (2004, 2005), however, suggested that bears began
to consume deer carcasses throughout the year in eastern
Hokkaido in the mid-1990s. We would expect that bear
predation on fawns might occur in eastern Hokkaido in
response to the range expansion and population irrup-
tion of sika deer, as has been shown in similar circum-
stances in North America (French and French 1990;
Gunther and Renkin 1990). By monitoring bear preda-
tion on sika deer fawns, we can address changes in an
omnivore’s foraging behavior.

Studies of bear predation on ungulates in North
America and Europe were based on direct observations
(French and French 1990; Gunther and Renkin 1990;
Blanco et al. 2011), observations of carcasses eaten by
radio-collared bears (Bull et al. 2001), or the monitoring
of neonatal mortality caused by bears (Zager and Bee-
cham 2006; Swenson et al. 2007). However, direct
observations are labor-intensive and extremely difficult
with Hokkaido brown bears, because these bears inhabit
dense forests with poor visibility, and monitoring the

causes of neonatal mortality costs a great deal. There-
fore, we needed to develop a simple and cost-effective
method for continually monitoring the possibility of
bear predation on fawns.

The objectives of our study were (1) to develop a
simple and cost-effective method of monitoring possible
bear predation on deer fawns, and (2) to address whe-
ther there was a relationship between the deer popula-
tion irruption and the bear predation on deer fawns.

Study area

The Urahoro region is a district forest belonging to the
Hokkaido government and is located at the foot of
Shiranuka Hill (100700 m above sea level) in eastern
Hokkaido, Japan (Fig. 1; 42°N and 143°E; 431 km?).
From 1999 to 2008, the mean annual temperature was
6.4 °C, annual precipitation, including snowfall, was
966.4 mm, and the maximum snow depth was 54 cm in
the center of the town of Urahoro, southwest of the study
area (Japan Meteorological Agency 2011). Natural forest
covered 81.4 % of the area, while 12.6 % was coniferous
plantations (Sato et al. 2008). The entire study area was
crisscrossed with a high density of trails (21 km/ha) and
we established transect routes for sampling bear scats
along them. The Urahoro region was used for agricultural
field crops to the west of Urahoro Town and pasture to the
east of Onbetsu in Kushiro City and Shiranuka Town.

The study area has had abundant sika deer since the
1990s (HIES 2006). Parturition of sika deer mainly
occurred from the end of May to the end of June (Suzuki
et al. 1996). Female deer typically gave birth to a single
fawn and had pregnancy rates higher than 90 % (Kaji
et al. 2010). In eastern Hokkaido, nuisance control
occurred from the beginning of April to the end of
October and hunting took place from the end of October
to the end of March to prevent agricultural damage and
to manage the deer population. The deer population
increased from 1992 to 1998 and peaked around 1998.
Afterwards, it decreased temporarily but recovered to
almost to 1993 levels by 2005 (Kaji et al. 2010).

In the summer of 1978, brown bears in the study area
depended on herbaceous plants, with no evidence of deer
or crop consumption (Sato et al. 2004). By 1999-2000,
while herbaceous plants were still common, crops such
as sugar beets and corn became common in the study
area; deer carcasses left in these fields from nuisance
control and hunting became available to bears year
round (Sato et al. 2004).

Materials and methods

Discriminating between fawn and adult sika deer
based on hair thickness

Studies on the diets of wolves were able to distinguish
between neonate and adult ungulate remains in wolf
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Fig. 1 Location of the study area. The black solid line in the right-
hand figure indicates the Urahoro District Forest, which is
managed by the Tokachi Forestry Center of the Hokkaido

scats based on hair length, thickness, shape, or color, as
well as the degree of bone fusion and closure of epiph-
yses aided the analysis (Gauthier and Theberge 1985;
Capitani et al. 2004; Mattioli et al. 2004). Therefore, we
analyzed deer hairs found in bear scats to monitor bear
predation on fawns. We divided deer into two age
classes, fawns and adults (yearlings and older). To dis-
tinguish between fawns and adults, we compared hair
thickness between fawns and yearlings, which should
have the thinnest hairs among the adult age classes. We
collected hairs from the forelegs, backs, and abdomens
of yearlings (n = 3) and fawns (n = 4) during the deer
parturition period (end of May-end of June) in
2009-2010. Both guard hair and underfur may be con-
sumed when bears eat deer. We used only guard hair for
analysis of yearlings because the underfur of yearlings is
as thin as that of fawns. On the other hand, we used
both hair types for fawns because they could not be
distinguished with certainty. Hairs were rinsed with

government. Gray lines indicate major rivers. Transect routes were
established throughout the study area

water and air-dried before analysis. We took more than
15 hairs from each part of each individual and measured
the width midway between the root and tip of the hair
with a tabletop microscope scanning electron micro-
scope (Miniscope TM-1000, HITACHI). We compared
the width of hairs of fawns and yearlings to establish
standards for discriminating deer age classes in bear
scats.

Evaluation of the importance of sika deer fawns
in bear diets

Bears prey on most ungulate neonates within the first
month after birth (Swenson et al. 2007; Barber-Meyer
et al. 2008; Blanco et al. 2011). Because the main par-
turition season for sika deer in Hokkaido is late May to
late June (Suzuki et al. 1996), we collected bear scat
samples defecated from late May to late July.
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In 1999-2008 (except 2001 and 2002), we established
census routes along paths (58 km in 1999-2004 and
approximately 120 km in 2005-2008) and walked or
drove through them once or twice in each study year.
We collected 108 bear scats and froze them for further
analysis. To compare fawn consumption by bears with
trends in deer availability over the past decade, we di-
vided the study into three periods based on population
indices and harvest numbers (Kaji et al. 2010) as follows:
in period I (1999-2000), the deer population had de-
creased from its 1998 peak but remained abundant with
high harvest numbers; in period II (2003-2005), the
population had recovered almost to 1993 levels and
harvest numbers had decreased; and in period III
(2006-2008), the population increased further and har-
vest numbers were as in period II, but hunters were
encouraged to collect carcasses (Fig. 2).

We analyzed all samples collected by the point-frame
method (Sato et al. 2000) to quantitatively evaluate their
contents. After thawing, we washed samples on a sieve
(1.0- or 2.0-mm mesh aperture) with tap water. We then
spread approximately 500 g of the remaining material
onto a stainless-steel tray (38 x 33 cm). The bottom of the
tray was marked with a 1 x 1 cm grid, and the points of
intersection were regarded as point frames. We counted
over 400 points for seven food categories (fawns, adult
deer, herbs, berries, ants, insects other than ants, and
crops) and recorded their frequencies of occurrence and
volumes in each sample. Sato et al. (2000) confirmed that
the point-frame method reflected dry weight. To distin-
guish fawns from older deer, we used hair thickness
standards obtained in the above analysis.

Animal materials in bear scat tend to be underesti-
mated relative to plant materials because of the bear’s
digestive physiology (Pritchard and Robbins 1990;
Hewitt and Robbins 1996). We therefore re-estimated
the volumes of the seven dietary categories using the
following correction factors as proposed by Hewitt and
Robbins (1996): 3.0 for deer, 0.25 for herbs, 1.2 for
berries, 1.1 for ants and other insects, and 1.0 for crops.
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Fig. 2 Bayesian estimates of population indices obtained from the
state-space model based on the stage-structured model (Yamamura
et al. 2008) and number of deer harvested from 1993 to 2008. The
bold line indicates the estimates of population indices. The dotted
lines indicate the standard error (Kaji et al. 2010, fig. 6a)
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We performed a Pearson Chi-square test of equality
on the corrected volumes for overall seven diet compo-
sitions and on the frequency of occurrence of fawns to
test for differences between period I and III using the
statistical environment R version 2.13.0 (http://www.
r-project.org/).

Results

Differentiation between fawns and adult sika deer
based on hair thickness

The mean (£SD) of the thickness of yearling guard
hairs was 129.5 + 14.4 pm (range 100-155 um) on
forelegs, 131.9 = 19.0 pm (97.7-172 pum) on backs, and
142.6 £ 19.0 um (102-178 pm) on abdomens. Fawn
hairs were 77.2 £ 18.4 um (51.5-122 um) on forelegs,
63.1 = 11.2 pm (22.1-81 um) on backs, and 62.2 +
152 um (20.3-86.8 yum) on abdomens. The mean
thickness including all parts of yearling hairs was
1349 £+ 18.5um and fawns® was 67.8 £ 16.8 um
(Table 1; Fig. 3). The widest fawn hair found was 122 um,
and there were no fawn hairs wider than 130 pm in this
experiment. Most of the yearling hairs were wider than
130 pm. Therefore, we concluded that hairs wider than
130 um in bear scat were belonged to yearlings (or older)
deer and that scats with only hairs narrower than 130 pm
indicated that the bear had consumed fawns.

Evaluation of the importance of sika deer
fawns in bear diets

We collected 32, 32, and 44 scats in periods I, I, and 111,
respectively. In all three periods, herbs occurred in scats
at the highest frequency (>71 %) of all food sources,
and roughly half of the bear diet, as measured by both
frequency and volume, consisted of deer (including both
fawns and adults) (Table 2). Among the three periods,
the overall diet compositions across the seven major
categories differed significantly (df = 12, > = 93.4962,
p < 0.0001). The proportions of deer (fawns and adults)
versus other foods in the bear diets did not differ

Table 1 Mean thickness and standard deviation of yearling and
fawn hairs collected in eastern Hokkaido, Japan, in 2009-2010

Thickness (pm) SD
Yearling (n = 3)
Foreleg (n = 45) 129.5 14.4
Back (n = 46) 131.9 19.0
Abdomen (n = 49) 142.6 19.0
All (n = 140) 1349 18.5
Fawn (n = 4)
Foreleg (n = 76) 77.2 18.4
Back (n = 68) 63.1 11.2
Abdomen (n = 71) 62.2 15.2
All (n = 215) 67.8 16.8



http://www.r-project.org/
http://www.r-project.org/

853

Fawn (N =4) —_— Yearling (N =3)
i —_
1 1
1 1
1 1
o ! i _
o — : :
= ! !
_________________________________________________ RN & .-
_ 1
€ : | ! :
3 ! : 1 |
~— ] 1 1 1
% 8 H i S T 1 1
g :
= T
= ! -
1 1
———
;Il T
o T i i
2 : L
1 o
' 8
——
o}
) o
T T T T T T
Foreleg Back Abdomen Foreleg Back Abdomen
(N=176) (N=68) (N=171) (N=45) (N= 46) (N=49)

age class / part

Fig. 3 Hair width data for yearling and fawn hairs collected in eastern Hokkaido, Japan, in 2009-2010. The dotted line at 130 pm

indicates the criterion for distinguishing fawns from adults

significantly (df = 2, y* = 2.4603, p = 0.2923), but the
proportions of fawns versus adult deer were significantly
different (df = 2, y* = 52.2443, p < 0.0001).

The frequency of occurrence of adult deer in bear
diets decreased from 34.4 % (n = 32) in period I to
22.7 % (n = 44) in period III, while that of fawns in-
creased from 6.3 to 27.3 % over the same time (Table 2).
The frequency of occurrence of fawns in bear diets dif-
fered significantly between the two periods (fawn: df =

1, > = 4.1393, p = 0.0419).

Discussion

We developed a simple and cost-effective method for
differentiating between fawn and adult sika deer using
hair thickness. This enabled us to evaluate the impor-
tance of sika deer fawns in brown bear diets and to
monitor changes in bear feeding behavior toward neo-
nate ungulate by scat analysis. Yearling hairs averaged
130 um or more and fawn hairs were always narrower
than 130 um, so we were able to monitor the relation-
ship between bear feeding ecology and deer abundance
continuously and on a large scale.

Scat analysis indicated that bears consumed fawns
during the deer population irruption of 1999-2008 and
that the number fawns in their diets increased propor-
tionally to the increasing deer population in eastern
Hokkaido at that time. This result supported our
hypothesis that bears increasingly preyed on fawns as
the deer population increased.

Also, we considered three possibilities for the
increasing predation on fawns: brown bears had begun

Table 2 Frequency of occurrence (F) and volume (V) for each diet
category in brown bear scats collected in the Urahoro region,
Hokkaido, Japan, in 1999-2008

Period 1 Period 11 Period III

(n = 32) (n = 32) (n = 44)

F (%) V(%) F(%) V(%) F (%) V(%)
Deer (fawns) 6.3 12.5 12.5 19.9 27.3 33.6
Deer (adults) 34.4 42.8 344 359 22.7 26.1
Herbs 75.0 14.3 71.9 8.5 75.0 11.2
Berries 0.0 0.0 6.3 0.6 6.8 2.0
Ants 50.0 11.5 71.9 22.1 54.5 12.3
Insects 25.0 4.6 46.9 5.3 9.1 3.0
Crops 15.6 14.3 18.8 7.6 18.2 11.0

to prey on fawns more aggressively than before, bear
hunting skills had improved (French and French 1990),
or the proportion of bears using fawns in bear popula-
tion had increased. In Shiretoko National Park, in
northeastern Hokkaido, which had a high density of
sika deer (Kaji et al. 2004), we observed a female bear
with cubs searching for fawns in grasslands during the
June birthing season (Kobayashi and Yamanaka, pers.
obs.). That area was an ideal birthing area for sika deer
and most fawns were hidden in vegetation and did not
move far after birth (Suzuki 2000). Based on this
observation, female bears could become specialists at
hunting fawns. Festa-Bianchet et al. (2006) reported that
cougars (Puma concolor) in Canada had become highly
successful at preying on bighorn sheep by learning the
predictable space-use patterns of these sheep. For bears,
predation on ungulates is apparently a learned behavior
(Zager and Beecham 2006), and much of the feeding
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behavior was acquired during the period of mother-cub
association (French and French 1990; Gilbert 1999;
Mazur and Seher 2008). Therefore, the percentage of
bears actively preying on fawns may increase as more
bears learn to hunt from their mothers. Because the deer
distribution has been expanding in western and northern
Hokkaido (Kaji et al. 2010), bear predation on fawns
might soon extend throughout Hokkaido. In the future,
DNA analysis of scats, in parallel with content analysis,
will help to elucidate how many bears feed on deer fawns
and what the sex ratio of fawn prey is.

Moreover, we expect that fawns born in early sum-
mer might be more important in bear diets for another
reason. High densities of sika deer reduced some
important vegetation resources for bears. In the study
area, fences were constructed between farmland and
mountainous areas in 1997-2000 to prevent deer inva-
sion into farmland. Comparison of vegetation inside and
outside of the fences revealed the effects of overgrazing
by deer. Some perennial herbs, like Apiaceae, Artemisia
spp. and Petasites japonicas, that were important spring
and summer resources for bears, on the mountain-side,
had decreased by 2009 because of the deer grazing
pressure (Kawamura, unpublished data). Under limited
food conditions in summer, bears were obliged to obtain
alternative resources, such as deer fawns. These plastic
feeding habits might allow bear populations to persist in
landscapes modified by humans.

Management implications

Because the deer population of Hokkaido irrupted
during the 1990s, causing significant agricultural and
forest damage and changes in the natural vegetation,
deer population management is the most critical wildlife
management issue throughout Hokkaido (Kaji et al.
2010). Although adult female survival is the most
important factor in ungulate population dynamics,
neonate survival may play a major role (Gaillard et al.
1998; Miura and Tokida 2009). Juvenile deer are most
susceptible to mortality, so obtaining reliable estimates
of their survival rates is important for population
modeling and management planning (Roseberry and
Woolf 1991; Bowden et al. 2000). For large herbivores
sympatrically inhabiting an area with predators, the
most common cause of neonatal mortality is predation
(Singer et al. 1997; Sinclair et al. 2003; Pojar and Bow-
den 2004; Owen-Smith et al. 2005). Our findings dem-
onstrated that brown bear could be an important factor
causing fawn mortality in Hokkaido. In further re-
search, we must quantitatively evaluate the fawn mor-
tality caused by brown bears by directly monitoring
fawn mortality, as Blanco et al. (2011) have suggested.

On the other hand, Schwartz and Franzmann (1991)
demonstrated that increased consumption of moose
calves by black bears (Ursus americanus) could con-
tribute to superior growth and reproduction of bears.
Therefore, we should evaluate how fawn use influences

bear growth and reproductive to better understand bear
population dynamics.
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