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Abstract: The Japanese brown bear (Ursus arctos yesoensis) lives only on Hokkaido Island,
where human–bear conflicts are common, but the status of bear populations are unknown.

The Shiretoko Peninsula in northeastern Hokkaido supports one small population. The distal

half of the 1,000-km2 peninsula has been protected as a wildlife reserve since the 1980s.

Reduction in harvest and frequent sightings of bears suggests that the population has been

increasing since that time. On the other hand, human–bear conflicts and management kills are

not uncommon in the proximal half, and occur occasionally even in the protected area. Also,

unreported harvest might be substantial. Lacking unbiased survival data from marked bears,

we modeled the Shiretoko population using female-only matrix models in a series of ‘‘what
if?’’ scenarios that we believe bounded reality. We assumed, alternatively, that true mortality

equaled reported kills (best case) and that it double reported kills (worst case). During 1985–

2004, known mortality was 12.9 animals/year (1.9 adult females/year), and we doubled this for

our scenarios that assumed the detection of mortality was 50%. We estimated reproductive

rates by monitoring marked and unmarked — but individually recognizable — females, and

estimating transition rates among reproductive states. From 1990 to 2004, 13 identifiable

females were observed in west-central Shiretoko for a total of 67 female-years, with 51

unduplicated cubs. Mean litter size was 1.594 (n 5 32), and reproductive rate was estimated as
0.604 cubs/female/year (0.302 for female cubs). Our model suggested that if the female

population size (Nf) had been 200, it would have been increasing regardless of whether known

mortality was 50% or 100% of true mortality. Under the assumption of Nf 5 150 and a

mortality-detection rate of 50% (worst case), projections suggested the possibility of either an

increase or decline (95% CI of l 5 0.986–1.150). The current harvest rate remains unknown

because the population size remains unknown, but we could not reject the possibility that

current harvest rates are beyond the sustainable level. We call for more efforts to closely

monitor the population and harvest, and to promote preventive measures to reduce human–
bear conflicts.
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Japanese brown bears (Ursus arctos yesoensis)

live exclusively on Hokkaido Island (,78,420 km2).

Brown bear populations occupy fragmented habitat

and are relatively isolated from one another

(Hokkaido Institute of Environmental Sciences

1994). Based on interviews with local hunters, the

island-wide population size was estimated at 1,771–

3,628, and the annual harvest was 200–400 animals

(Hokkaido Institute of Environmental Sciences

2000). The demographic status of these populations

is largely unknown, although bear damage to crops,

property, and people are real threats where

bears occur. Coexistence of human and bear,

therefore, remains a challenging, unsolved issue

(Mano 2006).

The population on the Shiretoko Peninsula

(,1,000 km2, Fig. 1) is considered small but pro-

ductive due to abundant food resources and

relatively low human density. This population was

heavily hunted prior to designation of the Shiretoko

National Wildlife Reserve in 1982 (Yamanaka and

Aoi 1988). Reduced hunting pressure after the1mkohira@shiretoko.or.jp
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designation apparently increased population size

and the prevalence of human-conditioned bears.

Particularly since 1995, bear sightings and close

encounters with bears increased not only within the

reserve, but also in croplands and communities in the

area (Table 1), imposing chronic human–bear con-

flicts (Shiretoko Nature Foundation 2006). Partly

due to the stagnant economy in the agricultural

sector, local government and farmers have been

reluctant to invest in preventive measures such as

electric fencing and are prone to rely on management

kills. As of 2008, management kills were granted

carefully, but without demographic consideration.

In addition, we do not know the magnitude of

undetected mortality, due to either natural deaths or

unreported harvest.

The Shiretoko Peninsula needs a population

management plan that includes estimates of the

population trend. To provide direction to the bear

management, we examined the population dynam-

ics under 2 scenarios: (1) all mortalities are known

(mortality-detection rate 5 100%), and (2) known

mortalities are half of reality (detection rate 5

50%).

Study area
Our study was conducted on the Shiretoko

Peninsula (Fig. 1). The peninsula is a volcanic

mountain range that stretches ,70 km northeast

into the Sea of Okhotsk. The mountains ascend to

1,500–1,600 m within 10 km from the coastline and

generate numerous short, steep streams. Mean

temperature during 2000–04 at Utoro, a gateway

community near the reserve (144u599E, 44u039N,

144 m), was 5.96uC, and mean annual precipitation

was 1,155 mm (Japan Meteorological Agency 2007).

Elevations up to 700 m were mainly covered by

coniferous–deciduous mixed forests that were charac-

terized by Abies sachalinensis, Picea glehnii, Acer

mono, and Quercus mongolica var. grosseserrata.

Vegetation from ,700–1,100 m was dominated by

Betula ermanii, whereas alpine tundra with stone pine

(Pinus pumila) covered higher elevation. Understory of

mixed and Betula forests were predominantly Sasa

spp. Other than the wildlife reserve, the distal half of

the peninsula is protected as national park and other

types of nature reserves. The area was inscribed as a

World Natural Heritage Site in July 2005 (UNESCO

2007). Divided by a mountain ridge, northwestern and

southeastern halves of the peninsula belong in Shari

and Rausu townships, respectively (Fig. 1).

Fisheries, agriculture, and tourism are the chief

industries in Shari (,737 km2). The center of Shari

town is at the base of the peninsula. There is only a

single residence (a dairy farm) on the 20-km

coastline between the edge of town and Utoro. Most

management kills occur in Utoro or on croplands

near Shari town, whereas kills by sport hunting

occur in the forest in between (Fig. 1).

Fig. 1. The Shiretoko Peninsula, Hokkaido, Japan,
including the Shari (shaded) and Rausu (striped)
townships. Bears were live-trapped and radiocol-
lared in the Horobetsu and Iwaobetsu Plateaus
(oval). Closed circles indicate locations of known
harvest (n = 257), including that of collared bears
(open circles, n = 11), between 1985–2004. The
Shiretoko National Wildlife Reserve is bounded by
the thick, gray line.

Table 1. Number of sightings of brown bears in Shari
township, the Shiretoko Peninsula, Hokkaido,
Japan, 1993–2004.

Year Within reserve Outside reserve Total

1993 41 0 41

1994 54 1 55

1995 192 9 201

1996 266 33 299

1997 160 22 182

1998 506 82 588

1999 329 51 380

2000 410 49 459

2001 265 69 334

2002 594 69 663

2003 403 83 486

2004 391 43 445
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Conversely, Rausu (,398 km2) is predominantly a

fishing town. Houses line the narrow flatland along

the coastline outside the reserve. From spring to fall,

fishery workers operate from camps that spread

within the reserve up to Cape Shiretoko. Manage-

ment kills in Rausu, therefore, occur along the entire

coastline (Fig. 1) and are relatively constant both in

and out of the reserve. The ownership of fishing

camps is older than the reserve. Scale of the camps

varies from wood cabins to multi-storied concrete

buildings. Fewer fishing camps exist on the Shari

side, due to a lack of suitable sites.

In the study area, bears eat Quercus acorns, corns

of stone pine, fruits of Actinidia, Prunus, Sorbus,

Vaccinium, and Vitis, and succulent herbs (Yama-

naka et al. 1985). Bears scavenged winterkill of, and

frequently predated on, sika deer (Cervus nippon).

Other seasonally important food items included

spawning salmon (Oncorhynchus gorbuscha, O. keta),

larvae of cicada (Tibicen bihamatus, Terpnosia

nigricosta), and ants (Lasius spp., Formica spp.,

Camponotus spp., Myrmica spp.). Bears scavenging

on beached sea mammals were occasionally observed

along the coastline. Outside the protected area, bears

frequently fed on crops such as sugar beet and wheat

during summer (Jun–Aug), unlike Asiatic black bear

(Ursus thibetanus) in other part of Japan that often

damage crops in fall (Aoi 2006).

Sport hunting of brown bears is legal in Hokkaido

from 1 October to 31 January without bag limit

(Hokkaido Government 2008). Hunters designated by

town mayors carry out management kills on or near

croplands and residential areas from 1 April to 30

September. Bounty payments, about US$100 (2008)

per animal, are issued only to the designated hunters.

Despite liberal harvest regulations, we speculate that

brown bears survive because of a combination of

biological (thick forests, dense understory of Sasa spp.,

abundant food resources) and socio-economic factors

(strict gun control, small and aging hunter population)

unique in Japan and Hokkaido.

For research and management purposes, a radio-

telemetry study of the bear population has been

conducted in the Horobetsu and Iwaobetsu Plateaus

(oval in Fig. 1, ,10 km2) within the reserve since

1988. We used part of the data for this study.

Using barrel traps, we live-trapped 30 female and

17 male bears more than 80 times by the end of 2004

(Shiretoko Nature Foundation, unpublished). Trap-

ping efforts were targeted to capture a random

sample of the population, although some bears were

identified as nuisance animals afterward. Sedated

bears were weighed, measured, and one premolar

extracted. Color-coded ear tags were attached to all

animals. We instrumented all bears with radiocollars

(battery life of 2–3 years), but used biodegradable

cotton belts or ear-tag transmitters (battery life of 1–

1.5 years) on those estimated to be 1-year or 2-year

olds at the time. Radiotracking was conducted mainly

from the ground. If adult females were sighted,

presence or absence of offspring was recorded. Aerial

telemetry was attempted at least yearly. Annual home

ranges of adult female (n 5 12), defined by minimum

convex polygon (MCP) from .100 locations/year,

were stable and small (mean 5 26.5 km2, SE 5 1.82)

with considerable overlap (MCP for 7 contemporary

females combined 5 118.7 km2), suggesting high

quality of the habitat. We could not track adult

males to construct annual home range (collars shed or

signals lost within a year). From the incomplete data,

home ranges of adult males could be .400 km2.

Among 11 collared animals that were later killed in

management situations, 4 young males (2–3 years of

age) and 2 adult females (one solitary, and the other

with a yearling) were caught 20–40 km away from the

first capture sites; we considered them to have

dispersed (open circles in Fig. 1). One 2-year-old

male moved 30 km to the base of the peninsula and

shed his collar, whereupon we lost contact with him.

These facts suggested that it was not uncommon for

young animals and even some adult females to

disperse out of the peninsula.

Methods
Reproduction

We assessed reproductive status using sighting

records of (1) radiocollared females, and (2) un-

collared females who had distinct characteristics

(e.g., scars), from 1990 to 2004 in west-central

Shiretoko, the Horobetsu and Iwaobetsu Plateaus,

as well as the Rusha River estuary (Fig. 1). Because

home ranges of family groups overlapped consider-

ably, we could not use distance to differentiate

groups (e.g., Knight et al. 1995). Observations of

each adult female began when either (1) it was

captured and aged as .5, or (2) an identifiable (but

not aged) female was first sighted with cubs. Upon

sighting, unmarked female bears with cubs were

sketched for characteristics or photographs taken

from multiple angles. Observers exchanged sketches

and photos, sometime across years, to see if the
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female was uniquely identifiable. Acquired informa-

tion for identifiable females was shared among

observers to assist with identification. We excluded

data of unidentifiable females with cubs because

such females were not likely to be recognized during

barren years.

Because we had no confirmed record of females

going through first reproduction, we could not

estimate the age of first reproduction for the area.

Mano and Tsubota (2002) reported that minimum

age of first parturition was 4 years old, but successful

weaning of the first litter was rare on the Oshima

Peninsula, southwestern Hokkaido (determined

from 196 female bears killed between 1983 and

1987). Following Mano and Tsubota (2002), we

assumed that females began reproducing at 5 years

in our study area.

Reproductive status was categorized into 4 stages:

solitary, with cubs, with yearlings, and with 2-year

olds. We estimated asymptotic ratios of female status

and reproductive rate (assuming a stable age

distribution), as described in Schwartz and White

(2008). Observations of uncollared females usually

started at the ‘‘with cubs’’ stage, and thus years these

females were accompanied by cubs were likely

overrepresented, tending to bias the reproductive

rate upwards. However, applying the method

developed by Schwartz and White (2008) should

provide unbiased estimates of reproductive rate

regardless of females’ initial states, as long as the

assumption of a stable age distribution is not grossly

violated and the probability of observation in

subsequent years was not conditional on females’

initial states. Standard errors were estimated by the

jackknife method (Manly 1991).

Survival

Use of radiotracking data is a standard approach

to estimate survival rates of bears (White and

Garrott 1990, Johnson et al. 2004, Schwartz et al.

2006). However, due to thick vegetation and

sporadic aerial relocation efforts, fates of our

instrumented animals were mostly unknown except

for 11 bears killed in management actions outside

the protected area. We lost contact with other bears,

and they presumably outlived the battery life of

collars. We also could not estimate the survival rate

of cubs using observational data because we could

not determine if a missing yearling had weaned or

died. Thus, neither radiotracking nor monitoring

known females were likely to produce reliable

estimates of survival. Instead, we used records of

human-caused mortality to build a population

model.

Throughout the species’ range, brown bear

mortality is mostly attributed to humans. In Yellow-

stone, during 1983–2001, 85.5% of 69 known deaths

in radiomonitored brown bears were caused by

humans (Haroldson et al. 2006). Similarly, in

Scandinavia from 1984 to 2004, 88% of 181 known

deaths in marked bears were human caused (J.E.

Swenson, Norwegian University, Ås, Norway, per-

sonal communication, 2007). In addition, McLellan

et al. (1999) found that in a compilation of 13 study

areas, only 46–51% of brown bear deaths would

have been detected without the aid of radiotelemetry,

mainly due to unreported harvest.

Because we did not have reliable telemetry data to

estimate bear survival, we adjusted observed harvest

data to internalize unknown mortality. We consid-

ered 2 scenarios: (1) all mortalities were known (best

case: mortality-detection rate 5 100%); and (2)

known mortality was half of true mortality (worst

case: mortality-detection rate 5 50%). That is,

annual survival rate in this study was defined as (1

– known annual mortality rate) for the best-case

scenario and, (1–2 x known annual mortality rate)

for the worst case.

Between 1975 and 1986, humans killed at least 242

bears, or 20 bears/year, in Shari and Rausu

townships (Yamanaka and Aoi 1988). Because sex

and age–class data of harvested bears became

available only after 1985, we examined bear mortal-

ity in the 2 townships from 1985 to 2004 to allocate

annual mortalities for 5 age classes (0 year, 1 year, 2

years, 3–4 years, .5 years; C, Y, T, Sub–Ad, and Ad

hereafter), assuming mortality-detection rates of

100% (best case) and 50% (worst case).

To allocate survival rates, one needs population size

and age–class composition, which are rarely known in

the wild population. We assumed that Shiretoko

brown bears would attain similar age structure to that

of Yellowstone bears monitored at Trout Creek,

1960–68, namely, 18.2%, 13.8%, 10.4%, 14.6%, and

43.0% for C, Y, T, Sub–Ad, and Ad, respectively

(Craighead et al. 1995:102). Combined with sex ratios

for the 5 age classes (females were 41.0%, 31.0%,

31.1%, 41.1%, and 56.8% for C, Y, T, Sub–Ad, and

Ad, respectively; Craighead et al. 1995:101), age–class

composition for a hypothetical female-only popula-

tion would be 16.4%, 9.4%, 7.1%, 13.2%, and 53.8%
for C, Y, T, Sub–Ad, and Ad, respectively. We also
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assumed that the sex ratio at birth was 50:50. Based on

these assumptions, we calculated age–class survival

rates for hypothetical female population sizes (Nf) of

50, 100, 150, and 200.

Matrix model
Using demographic parameters estimated above, we

constructed single-year female-only ‘‘pre-birth pulse’’

transition matrix models (Mills 2007:136) for Nf from

50 to 200. We made another adjustment for cub

survival, which suffer the highest natural mortality but
tend to be underrepresented by harvest data (Swenson

et al. 2001, Wielgus 2002, Schwartz et al. 2006). We

compared our empirical results with the cub survival

rate of the Trout Creek population (83%), reported by

Craighead et al. (1995:194) and applied the lower

value. We estimated the population growth rate, l
(dominant eigenvalue), with confidence intervals using

the series approximation (Lande 1988, Caswell
2001:300–304). Elasticities of the resulting matrices

were analyzed to determine important demographic

factors. Further, we reduce the factor progressively to

see the effect on the population growth rate.

Results
Reproduction

During 1990–2004, 9 collared and 4 uncollared but

identifiable adult females were observed for a total

of 67 female-years; we also observed 51 unduplicated

cubs. Asymptotic proportions of females that were

solitary, with cubs, with yearlings, and with 2-year
olds, were 0.207, 0.379, 0.379, and 0.034, respective-

ly. Multiplying the ratio of females with cubs (0.379)

by mean litter size (1.594; n 5 32), we obtained a

reproductive rate of 0.604 cubs/female/yr (SE 5

0.0077). Assuming equal sex ratio at birth, this

resulted in a reproductive rate (i.e., mx) of 0.302

female cubs/female/yr.

Survival

Of 257 bears harvested from 1985 to 2004 in the

study area, sex and age class were known for 210

(Table 2). The remaining 47 mortalities were allo-
cated proportionally to sex and age classes. For

example, over the 20 years of data collection, there

were 31 known deaths of adult females. We

multiplied these 31 by the ratio of total mortalities

with recorded age/sex (257/210), yielding an estimat-

ed 37.94 mortalities of adult females over 20 years,

or 1.9 adult females/year. For all classes pooled,

mean harvest was 4.83 females/yr.

Age–class survival rates were calculated from age–

class structures for given, assumed population sizes

(Table 3). For example, following the age–class

composition of the Yellowstone data, the age–class

structure for our hypothetical Nf 5 100 was 16.4,

9.4, 7.1, 13.2, and 53.8 animals for C, Y, T, Sub–Ad,

and Ad, respectively. Applying our estimated age-

specific yearly deaths to our estimated age-specific
standing numbers yielded age-specific yearly mortal-

ity rates. For example, under the assumptions that

100% of actual mortalities were recorded for a

population of Nf 5 100, we estimated yearly

mortality rate at 1.9/53.8 5 0.035 for adult females.

Yearly age-specific survival was calculated as 1 –

mortality rate (e.g., 0.965 in this example). Because

survival rates for cubs calculated from our empirical
data were higher than the 0.83 of the Yellowstone

population in 1960–68 (Craighead et al. 1995) and

we suspected observational bias in our empirical

data, we used 0.83 throughout the analysis.

Table 2. Known human-caused mortality of brown bears in Shari and Rausu townships, Hokkaido, Japan,
1985–2004 for C (0 yr), Y (1 yr), T (2 yrs), Sub–Ad (3–4 yrs), and Ad (.5 yrs). Adjusted total is number of deaths
after proportionally allocating 47 deaths without data. Best case assumes that known mortality equals true
mortality; worst case (female only) assumes that true mortality is twice known mortality.

Female Male

UKa TotalC Y T Sub-Ad Ad C Y T Sub-Ad Ad

1985–89 1 4 4 4 6 3 6 6 5 8 32 79

1990–94 0 3 3 0 5 0 8 5 3 3 14 44

1995–99 1 9 2 5 13 2 6 10 6 7 0 61

2000–04 0 4 5 3 7 2 11 21 7 12 1 73

20 yrs subtotal 2 20 14 12 31 7 31 42 21 30 47 257

Adjusted total 2.45 24.48 17.13 14.68 37.94 8.57 37.94 51.40 25.70 36.71 0 257

Best case (mort/yr) 0.12 1.22 0.86 0.73 1.90 0.43 1.90 2.57 1.29 1.84 0 12.85

Worst case (mort/yr) 0.24 2.45 1.71 1.47 3.79

aMortality with age or sex unknown.
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Matrix model

For 4 hypothetical population sizes with 2

scenarios, we computed 8 matrices for the female-

only model (Table 4 for Nf 5 100). With the best-

case scenario (mortality-detection rate 5 100%),

population growth rate, l, was .1 for Nf 5 100 (l
5 1.087 with 95% CI of 1.009–1.165; Fig. 2) as well

as Nf . 100, whereas with the worst case (mortality

detection rate 5 50%), 95% CI of l exceeded 1.0

only for Nf 5 200 (l 5 1.087, 95% CI: 1.009–

1.165). As expected, elasticity analysis indicated

that the survival of adult female was 7 (Nf 5 200,

best case) to 15 times (Nf 5 50, worst case) more

important to population growth than any other

element (Table 5 for Nf 5 100). For Nf 5 100 with

the worst-case scenario, if reported kills of adults

exceeds 3 animals/year, the population would

decline (Fig. 3). Similarly, for Nf 5 150 and 200

with the worst-case scenario, adult mortality of

more than 6 and 9 reported deaths/year, respec-

tively, depress the population to negative growth.

With the best-case scenario, the population would

start decreasing if adult mortality exceeded 9, 15,

and 22 animals/year for Nf 5 100, 150, and 200,

respectively.

Discussion
Population dynamics

The mortality thresholds suggested by these

models should be treated with caution. The worst-

case scenario might have enough margin to bound

Table 3. Age-specific survival rates of female brown bears, the Shiretoko Peninsula, Hokkaido, Japan, 1985–
2004 for hypothetical population sizes (Nf) of 50 to 200. Best case assumes that known mortality equals true
mortality; worst case assumes true mortality is twice known mortality.

C Y T Sub–Ad Ad Total

Best case (mortalities/yr) 0.12 1.22 0.86 0.73 1.90 4.83

Worst case (mortalities/yr) 0.24 2.45 1.71 1.47 3.79 9.66

Age structure, Trout Creeka 0.164 0.094 0.071 0.132 0.538 1.000

Age composition

Nf 5 50 8.2 4.7 3.6 6.6 26.9 50

Nf 5 100 16.4 9.4 7.2 13.2 53.8 100

Nf 5 150 24.7 14.1 10.7 19.8 80.7 150

Nf 5 200 32.9 18.8 14.3 26.4 107.6 200

Survival rate (best case)

Nf 5 50 0.985b 0.740 0.760 0.889 0.929

Nf 5 100 0.993b 0.870 0.880 0.944 0.965

Nf 5 150 0.995b 0.913 0.920 0.963 0.976

Nf 5 200 0.996b 0.935 0.940 0.972 0.982

Survival rate (worst case)

Nf 5 50 0.970b 0.481 0.519 0.778 0.859

Nf 5 100 0.985b 0.740 0.760 0.889 0.929

Nf 5 150 0.990b 0.827 0.840 0.926 0.953

Nf 5 200 0.992b 0.870 0.880 0.944 0.965

Cub survival rate, Trout Creekc 0.830

a9-year mean composition for 5 age classes of the Yellowstone population, 1960–68, converted for female-only population (Craighead

et al. 1995).
bCalculated rates were not considered credible so were replaced by 0.830 in all scenarios.
cAnnual survival rate for 0-year olds of the Yellowstone population, 1960–68 (Craighead et al. 1995). This rate was applied to cubs in

all scenarios.

Table 4. Single-year female-only pre-birth pulse
matrix model of brown bears assuming Nf

(population size of female) = 100 with mortality
detection rate of 100% (a), and 50% (b), Shiretoko,
Hokkaido, Japan. Reproductive rate and cub survival
rate were 0.302 female cubs/female/year and 0.83/
year, respectively. Age classes are for 1 yr, 2 yrs,
3 yrs, 4 yrs, and .5 yrs old.

(a) Nf = 100, best-case scenario; all mortality known

0 0 0 0 0.251

0.870 0 0 0 0

0 0.880 0 0 0

0 0 0.944 0 0

0 0 0 0.944 0.965

(b) Nf = 100, worst-case scenario; half of mortality known

0 0 0 0 0.251

0.740 0 0 0 0

0 0.760 0 0 0

0 0 0.889 0 0

0 0 0 0.889 0.929
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unreported harvest and natural mortality, but it does

not consider environmental and demographic sto-

chasticity, or human errors. Some safety margin

should be added to determine allowable harvest.
Furthermore, season- and area-specific regulations

should be considered for population management.

Another issue to consider is population dynamics
on a larger scale. Our model did not consider

immigration or emigration, but limited data (Kohira

et al. 2004) suggest dispersal from the peninsula.

Separating Hokkaido into 16 units and using annual

harvest per forested area in each unit as a population

index, the Hokkaido Institute of Environmental

Sciences (2000) reported a higher index of brown

bear abundance in Shiretoko (0.67 animals/100 km2/

year) than the mean for all of Hokkaido (0.43) as

well as the 2 adjacent areas (0.28 and 0.12). We

hypothesize that the Shiretoko population is a

source that provides dispersers to adjacent sink

populations. We do not know the importance or

extent of the Shiretoko population as a source, or if

the source–sink relationship is real. If the relation-

ship does exist, positive growth of the Shiretoko

population should be maintained to support viability

of the metapopulation. One approach for this would

be to keep the lower CI of l above 1.0 (Garshelis et

al. 2005). If we assume that Nf 5 150 with mortality-

detection rate of 50%, the population growth rate, l,
would be 1.068 with 95% CI of 60.08 (0.986–1.150,

Fig. 2). With this population size and width of CI, l
should be kept greater than 1.08 to have the lower

end of the interval .1. To achieve this, reported kills

Fig. 2. Estimated population growth rate (l) for
female brown bears, Shiretoko, Hokkaido, Japan,
based on data from 1985–2004, under the best-case
(mortality-detection rate = 100%; closed bars) and
worst-case scenarios (mortality-detection rate =
50%; open bars) for hypothetical population sizes.
Brackets represent 95% confidence intervals.

Fig. 3. The relationship between population growth
rate (l) of brown bears and reported adult female
mortalities/year for female population size (Nf) of 100
(triangles), 150 (diamonds), and 200 (circles) with the
best-case (mortality-detection rate = 100%, closed
marks) and the worst-case (detection rate = 50%,
open marks) scenarios, Shiretoko, Hokkaido, Japan,
based on data from 1985–2004. Cub survival was set
at 0.83 throughout. Lines of the best-case Nf = 100
(closed triangles) and the worst-case Nf = 200 (open
circles) are identical.

Table 5. Elasticity matrix of female brown bears,
Shiretoko, Hokkaido, Japan. The value for adult
survival (lower right) is largest, suggesting the
greatest effect on population growth rate.

(a) Nf = 100, best-case scenario (all mortality known), l =
1.087

0 0 0 0 0.084

0.084 0 0 0 0

0 0.084 0 0 0

0 0 0.084 0 0

0 0 0 0.084 0.666

(b) Nf = 100, worst-case scenario (half of mortality known), l
= 1.029

0 0 0 0 0.072

0.072 0 0 0 0

0 0.072 0 0 0

0 0 0.072 0 0

0 0 0 0.072 0.670
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of adult females should be 1 per year (l 5 1.083, not

shown) or less, assuming true female mortality being

twice as many (roughly a half of observed annual

female mortality of 1.9/year), suggesting the ob-

served rate of harvest might threaten the metapop-

ulation. However, this estimate is only one possible

combination. To set a realistic management goal,

appropriate combinations of Nf, mortality-detection

rate, and percent for CI need to be examined

carefully, considering cost and benefit of ecological

and socio-economic factors.

Human-caused mortality

The largest component of human-caused mortality

was management kills. There is no question that

sport hunting of brown bears in Japan should be

regulated with bag limit reflecting local population

dynamics. However, it would be controversial to

reduce management kills when bear damage on

property and people persists and the bear population

is not threatened (legally threatened brown bear

populations do exist in Hokkaido; even though their

demographic status are unknown, 2 local brown

bear populations are categorized as LP [threatened

local population] in both national [Ministry of the

Environment 2007] and Hokkaido Red Data Books

[Hokkaido Government 2003], which describes

status of threatened species and populations in

Japan and the prefecture). In 2007, crop damage in

Shari town by brown bears was about US$70,000,

less than half the damage from sika deer,

US$160,000 (Masuda, Shari town, Hokkaido, Ja-

pan, personal communication, 2008). Nevertheless,

farmers tolerate deer better than they tolerate bears,

probably because of the psychological threat they

perceive from bears. Local sentiment favors reduc-

tion of the bear population instead of damage

reduction or prevention. We would be able to reduce

management kills if human–bear conflicts could be

reduced first. In some parts of the study area,

farmers have agreed to invest in, and start working

on, a program of community-scale electric fencing.

Although fencing is unlikely to be a panacea,

creating incentives among farmers for damage

prevention has been important progress.

Unreported harvest includes legal hunting and

poaching. Most local hunters are cooperating closely

with local governments in both management kills

and sport hunting. However, sport hunters from

more distant towns or prefectures tend to report in

their home town, which often leads to misplaced or

missing reports, or to ignore the obligation altogeth-

er. The Hokkaido government should provide

hunters with more specific guidance on where,

how, and why is it important to report bear kills.

The presence of poaching activities on the peninsula

is suggested by occasional discoveries of bear snares

(illegal in Hokkaido), deer carcass tied to trees

(baiting is illegal in Hokkaido), and bears with

missing toes. These findings are too sporadic for

quantitative analysis.

One way to quantify the magnitude of unreported

mortality is through a large-scale telemetry study,

which is costly but not immune from bias (McLellan

et al. 1999). From a management standpoint,

reducing unreported harvest is of equal importance

to estimating it. The Ministry of the Environment

has jurisdiction within the reserve but lacks man-

power to enforce the law. Local police take

preventive actions against poaching in the fishery

sector, but only respond upon receiving a specific

complaint in case of wildlife poaching, probably

because fisheries have a larger market and a stronger

lobby in Japan than terrestrial wildlife. The hunter

population in Japan is aging and declining (Mano

and Ishii 2008), but the needs of wildlife manage-

ment and sustainable use of game are getting

increased attention among the general public. While

not a novel approach, continuous efforts on

awareness campaigns and poaching patrols could

be a reliable deterrent against unreported kills.

Monitoring strategy

Our observational data on reproduction was

limited to west-central Shiretoko, where sightings

of bears were frequent and the telemetry study was

located. In the future, we need to expand or shift the

study area to examine peninsula-wide reproduction

rate and its variability, as well as ages of first and last

reproduction that are important factors in matrix

models (Garshelis et al. 2005). Also, to monitor an

individual over its lifetime, capturing effort should

be focused on specific individuals or groups. As of

2008, .10 traps were positioned in west-central

Shiretoko, but only 6 of them are in regular use due

to higher maintenance costs for remote traps. We

should reconsider the trap arrangement and relocate

them according to the target animals to maximize

the trapping success. In addition, uteri from har-

vested females (collected by the Hokkaido govern-

ment) should be examined to estimate the age of first

reproduction from placental scars.
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