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Abstract: We constructed a population dynamic model using demographic parameters with uncer-

tainties by using long-term harvest data and estimated population dynamics of brown bears (Ursus
arctos) on the Oshima Peninsula, Hokkaido, Japan, from 1968 to 2021 with population trend indica-

tors obtained by forest sign survey and an upper population limit calculated by extrapolating an esti-

mated density in a high-density area in some years. We assumed mean litter size of 1.8, age of first

parturition of 6 years, birth interval of 2.3–3.0 years, and natural mortality of 0.35 for cubs and 0.02

to 0.08 for subadults and adults, with 10% uncertainty for every parameter. The initial female popu-

lation size was randomized from 1 to 1,809, which was set by extrapolating the 95% value of the

female population density (0.327 bears/km2) estimated in 2012 to the entire forested area of brown

bear distribution (5,531 km2). This value was used as the upper population limit for 2012. The

assumptions for the simulation were that males and females aged $6 years were present in 2020,

the population size in 1990 when the Spring Bear Removal was abolished did not exceed that in

1968, and the population size in 2012 did not exceed 1,809. Population dynamics differed signifi-

cantly depending on the demographic parameters; however, the difference in estimation became

small and converged after 2012. Continuous harvest and population trends over 40 years maintained

the findings within a specific range, even when accounting for parameter uncertainties. Continuous

harvest and population trends over 40 years maintained the findings within a certain range, even

when accounting for parameter uncertainties. The median population estimates obtained under the

conditions of subadult and adult survival of 94%, cub survival of 65%, and birth interval of 2.6

years were 1,107 in 1968; 916 in 1990; 1,715 in 2012; 2,030 in 2021. However, the method outlined

in this article has limitations in its application for estimating recent population size and trend. It is

crucial to conduct iterated population censuses to ensure accurate and up-to-date data.

Key words: brown bear, estimator, field sign survey, harvest, Hokkaido, hunting, monitoring, population estimate,

population trend, uncertainty, Ursus arctos
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Population monitoring is essential for the conserva-

tion and management of wildlife species. For members

of Ursidae, significant effort and careful planning is

required to obtain reliable estimates of populations

because they are characterized by low population den-

sity, landscape-level distribution, and singular, elusive,

and secretive behavior (Kendall et al. 1992, 2008). In

addition, habitat heterogeneity from a wide distribution

range at the landscape level leads to heterogeneous

population density, which makes it difficult to estimate

population size by extrapolating density estimates in a

specific area to a wider area (e.g., Apps et al. 2004).

Mark–recapture methods that treat a large number of

animals, including harvest rates by hunting (Garshelis

and Visser 1997, Diffenbach et al. 2004) and resight rates

by researchers (Schwartz and Franzmann 1991, Swenson

et al. 1994, Miller et al. 1997, Barnes and Smith 1998),

have been employed to estimate the population size of

bears in North America and Europe. Moreover, a nonin-

vasive mark–recapture method that identifies individuals

by DNA profiling of snagged hairs has been used since

the 1990s (Woods et al. 1999, Mowat and Strobeck

2000, Mowat et al. 2005, Kendall et al. 2008). Recently,4email: mano@hro.or.jp
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population reconstruction method using harvest data, in con-

junction with direct observations and hunting efforts (Claw-

son et al. 2017, Allen et al. 2018, Hatter et al. 2018) have

been proposed. Such studies require reliable demographic

parameter estimates such as natural mortality and/or harvest

rates obtained through systematic and long-term studies.

However, outside North America and Europe, espe-

cially in Asia, it is difficult to conduct such intensive

bear studies on account of financial constraints and

inadequate monitoring systems, and most cases are

reportedly limited to expert guesses based on inter-

views and trace surveys (Garshelis et al. 2022). Unfor-

tunately, continuous mark–recapture implementation

for bears is not realistic in Japan because of the budget

requirements and the need to improve research systems

(Yoneda and Mano 2011). At the same time, imple-

mentation of a broad-scale hair-trap investigation cov-

ering the distribution range of bear populations, such as

that of Kendall et al. (2008), is difficult under Japanese

social and economic conditions (e.g., Tsuruga 2008,

Yuasa and Sato 2008).

Many bear populations have long been harvested for

sport hunting and nuisance control in Japan (Mano 2006,

Oi and Yamazaki 2006), and data on harvest composition

can be collected routinely at a reasonably low cost

(Bender and Spencer 1999). Investigations of bear harvest

composition were initiated in the 1970s (Yoneda 1976,

Hanai 1980) and have been conducted in Japan in several

areas (Aoi 1987; Mano 1987, 1995; Mano et al. 2008; Oi

2009). There are challenges in interpreting and utilizing

harvest structure, so it is impossible to determine popula-

tion trend or size from harvest composition alone (Caugh-

ley and Birch 1971, Caughley 1974, Tait and Bunnell

1980). Upon careful examination, it becomes evident that

when both harvest data and observational data are present,

there is a potential bias in the estimates derived from har-

vest data (Leclerc et al. 2016). However, the harvest data

indicate the fact that the number of individuals was

removed at that point in time; and by identifying the con-

ditions necessary for that number of individuals to con-

tinue to be harvested, we should be able to contribute to

the elucidation of population dynamics.

Fortunately, population density estimations based on

hair capture, DNA profiling, and mark–recapture analy-

sis using a spatially explicit model have been con-

ducted (Tsuruga et al. 2014). In addition, since the

mid-1990s, bear sign surveys have been conducted

intermittently in national forests as part of the popula-

tion trend monitoring of brown bears (Ursus arctos).
Moreover, estimates of natural mortality and harvest

rates have been made using radiotracking surveys

(Hokkaido Institute of Environmental Sciences [hereaf-

ter, abbreviated as HIES] 2000, 2004).

In this study, we present a population dynamics

model for the brown bear population in the Oshima

Peninsula region of Hokkaido, Japan, to estimate popu-

lation size, using long-term harvest structure data, a

population trend index, and information on population

density in certain areas under loose assumptions. We

also discuss the challenges in population size and trend

estimation using this method.

Study area
The Oshima Peninsula region, located in the southwest-

ern part of Hokkaido, Japan, covers approximately 8,000

km2, of which about 70% (5,531 km2) is forest (Fig. 1).

The brown bear range is almost isolated from the north-

eastern habitat range, with its northern limit being the

Kuromatsunai depression at the base of the Peninsula

(Kaji 1982; Nature Conservation Division of Hokkaido

1986; HIES 1994, 2004). The Peninsula faces Funka Bay,

Tsugaru Strait, and the Sea of Japan in the east, south,

and west, respectively. The area is characterized by a

steep mountainous range of 500–1,000 m above sea level,

running north to south along the spine of the peninsula.

The highest elevation is 1,520 m, found at Mount Kariba

in the northern part of the Peninsula. From 1991 to 2020,

Hakodate, the largest city in the region, had a mean

annual temperature of 9.4°C and mean annual precipita-

tion of 1,188 mm (Japan Metrological Agency 2023).

Snowfall occurs from mid-October to mid-April, with a

maximum snow depth.3 m in the mountains.

Cool-temperate deciduous forests dominated by Japa-

nese beech (Fagus crenata) are the dominant, natural veg-

etation, with Japanese cypress (Thujopsis dolabrata) and
Sakhalin fir (Abies sachalinensis) found in some areas.

Plantations of fir, Japanese cedar (Cryptomeria japonica),
and Japanese larch (Larix kaempferi), comprising approx-

imately 24% of the total forest (Forestry Agency of Japan

2023), occur in low-elevation areas with gentle topogra-

phy. As of March 2009, the human population of the area

was approximately 490,000, of which .70% lived in and

around Hakodate City.

Hunting regulation
Brown bears are designated as game species by the

Wildlife Protection, Control, and Hunting Management

Acts. The sports hunting season begins on 1 October
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and ends on 31 January of the following year. In addi-

tion, when deemed necessary to prevent or control

damage, bears can be killed throughout the year, which

is known as nuisance killing (Kusakari and Mano

2006). Under a Hokkaido Government policy to reduce

the bear population size (Hokkaido Government 1969),

Spring Bear Removal was also conducted from 15

March to 31 May from 1966 to 1989, before its aboli-

tion in 1990 (Mano 1987, 1995, 1998). In addition,

before 1989 there was no limit to the number of bears

that could be killed by sport hunting or in nuisance kill-

ings, including during Spring Bear Removal (Mano

1987, 1995, 1998; Kusakari and Mano 2006).

Under the Brown Bear Conservation and Management

Plan for the Oshima Peninsula Region (Hokkaido Gov-

ernment 2000), a spring season bear hunt known as the

“Spring Bear Management Cull” was introduced in 2002

and continued until 2004 with the aim of killing male

bears that could cause conflict with people during summer

and autumn as a result of their large home ranges overlap-

ping farmland and urban areas. From 2005 to the present,

the spring bear culling has continued under the policy of

“Spring Bear Cull for Training of Personnel for Bear

Kills” to provide hunters with experience in bear hunting.

These spring culling measures occur from late March to

early May, last 41 days, and have an upper limit to the

number of bears killed based on sex (Mano 2003, Tsuruga

and Mano 2008). The changes of brown bear manage-

ment measures are summarized in Figure 2.

Materials and methods
Number, sex, and age data of brown bear kills
used in the simulation
Hunting statistics spanning from 1969 to 1982 were

compiled using records from the Hokkaido Nature Conser-

vation Division; forestry divisions of the Oshima, Hiyama,

and Shiribeshi subprefectural offices; and forestry sections

of the municipalities in the study area. Starting in 1983, in

addition to hunting statistical data, we obtained sex and

age information by counting cementum layers of teeth

(Mano 1987, 1995; HIES 2000), as depicted in Figures 2

and 3. Before 1982, only the total number of harvested

bears was available because sex was not recorded.

Between the late 1960s and 1986, when the Spring Bear

Removal program was implemented, the average number

of bear deaths was approximately 100, with annual fluctu-

ations. In 1986, the number of bears killed rose to 136, but

decreased in 1987, with an average of 60 kills annually

from 1987 to 2000. Subsequently, it increased again,

reaching 183 in 2005. Further, the number of kills contin-

ued to increase, albeit with annual fluctuations, and in 9 of

the 13 years from 2009 to 2021, annual kills exceeded

150. In 2020, 211 bears were killed, marking the highest

number recorded (Fig. 3). Detailed harvest counts are

shown in Appendix 1 (Supplemental material).
From 1983 to 1989, when Spring Bear Removal was

allowed, 56% of the bears hunted were male and 44%

were female. From 1990 to 2021, after the abolition of

Spring Bear Removals, males accounted for 67% of the

kill, double that of females (Fig. 3).

We generated sex and age data for bears killed each

year for computer simulations through the following pro-

cess. Since 1983, surveys on the sex and age of killed

bears were continuously conducted. Although the 0.4% of

the killed bears with unknown sex, we randomly assigned

sex with a 50% probability for these cases. The timing and

methods of killing changed before and after the abolition

Fig. 1. Oshima Peninsula study area in Hokkaido,
Japan. We constructed a population dynamic model
using long-term harvest data and estimated popula-
tion dynamics of brown bears (Ursus arctos) from
1968 to 2021 with population trend indicators
obtained by forest sign survey and an upper popula-
tion limit calculated by extrapolating an estimated
density in a high-density area in some years. Shaded
square areas, dark shaded areas, and shaded areas
represent priority survey area for which extrapolated
population densities have been estimated, national
forest area, and forested areas, respectively.
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of the Spring Bear Removals in 1990, and the male sex

ratio in killing increased (Mano 1998); therefore, we

divided the study period into before and after 1989–1990

and generated sex–age data for the killed bears.
Although the percentage of bears that were age-deter-

mined varied from 36% to 98% annually, the overall

determination rate for 1983–2020 was 69%. We deter-

mined the ages of bears whose teeth were not recovered

and whose ages were unknown randomly based on the

distribution of age-determined bears in each of the 2 peri-

ods (Appendix 2, Supplemental material). The sex ratio

and age structure of the harvest before 1989, when the

Spring Bear Removal was conducted, did not appear to

have changed significantly (Mano 1987), so we deter-

mined the age structure for 1969–1982 harvest randomly

based on the pooled sex and age structure for 1983–1989

(Appendix 3, Supplemental material).

Population trend
Spring Bear Removal from 1966 to 1989 caused the

Hokkaido population size to decrease, with larger declines

in the northern and western areas (Aoi 1987, 1990; Mano

Fig. 2. Time series overviews of the bear management institution, surveys conducted and data used for
analysis, and conditions for simulation in our construction of a population dynamic model using long-term
harvest data and estimated population dynamics of brown bears (Ursus arctos) in the Oshima Peninsula
study area in Hokkaido, Japan, from 1966 to 2021.

Fig. 3. Brown bear (Ursus arctos) harvest in the Oshima Peninsula, Hokkaido, Japan, for 1969–2021. Only
total kills were available from 1969 to 1982.
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1991; Mano and Moll 1999). In the 1980s, nearly all hunt-

ers of bears in spring in the Oshima Peninsula observed a

decline in bear signs during the spring hunting season and

agreed that the population declined as a consequence of the

Spring Bear Removal (Mano 1998). Interviews with a

skilled hunter who had hunted brown bears for .30 years

in the northern part of the study area near the town of Osha-

mambe, indicated that the brown bear population had

declined as of 1973 compared with earlier years (Niizuma

1973). Collectively, reports suggest that the brown bear

population in the Oshima Peninsula declined during the

Spring Bear Removal. However, this does not necessarily

imply a decrease as pronounced as in the northern areas.

Thus, we assumed that the population size in 1990, the year

the Spring Bear Removal was abolished, did not exceed

that in 1968, the first year of the simulation (Fig. 2).

After 1990, the number of bears killed as a result of

conflicts increased and the bear distribution range

expanded (HIES 2000, Japan Bear Network 2014). On

the Oshima Peninsula, national forests cover 51% of the

forest area, or approximately 2,880 km2 (Fig. 1), and

almost all of the area is brown bear habitat. In the national

forest area, surveys were conducted between June and

November in 1996–1998, 2002–2004, and 2012–2020 by

forestry workers who recorded whether brown bears,

related sign, or feces were noted. The number of days

with brown bear information and the number of feces per

day reported by forestry workers were higher after 2012

than before 2004 (Table 1, Fig. 4; Welch’s t-test; P ,
0.01 for days with confirmed information and P , 0.01

for the number of confirmed feces). Furthermore, aware-

ness surveys of hunters conducted in the 1992 and 2012

suggested an increase in brown bear abundance in 2012

(Hokkaido Research Organization, Institute of Environ-

mental Sciences 2013). Thus, we assumed that the popu-

lation increased from 1990 to 2012 (Fig. 2).

Population dynamics model
The birth period of brown bears in Hokkaido ranges

from late January to early February (Maeda and Ohda-

chi 1994). In the model, we assumed that all births

occurred on 1 January and generated the population

size just before birth (i.e., at the end of the year). The

values for the number of females at age x, adult

females, males at age x, and adult males on 31 Decem-

ber in year t are represented as Nf(t, x), Nf(t, k), Nm(t, x),
and Nm(t, k), respectively (x H 0, 1. . . k � 1, where k is
the age at maturity). The mean birth rate, harmonic

mean of the birth interval in years, average litter size,

and average sex ratio at birth were denoted as B, I*, M*, T
ab
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and S*, respectively. The average sex ratios at birth

were defined as Nm(t, 0)/[Nm(t, 0) þ Nf (t, 0)].
The following equations further define inputs to the

model:

B5
M�

I�
(1)

Let Bm be the mean male birth rate (mean no. of

male births per year). Then,

Bm 5
M�S�

I�
(2)

Let B(t) be the birth rate in year t.

BðtÞ5 M�

I� þ fZðtÞ (3)

where f is the magnitude of annual demographic sto-

chasticity; and Z(t) is a uniform random distribution

between �1 and 1.

Next, let Lc, Lfs, Lfa, Lms, and Lma be the survival rates
of the cub-of-the-year (COY), subadult (1–5 yr old)

female, adult ($6 yr old) female, subadult male, and adult

male, respectively. The survival rate was defined as the

natural mortality rate caused by factors other than human-

caused mortality, such as control killing, hunting, and/or

traffic accidents. Cm(t,x), Cma(t), Cf(t,x), and Cfa(t) were
the number of cubs and subadult males of x years of age
(,6 yr), adult males ($6 yr), cubs and subadult females

of x years of age (,6 yr), and adult females ($6 yr)

killed in year t, respectively. For simplicity, we assumed

that there was no correlation between susceptibility to

control kill, hunting, or traffic accidents in a given year

and the probability of death due to natural causes, such as

disease or starvation, in the following year.

Assuming that animals k years old or older are adults

and those between 1 and k years old are subadults, the

number of females in each age class in a given year t is

Nf ðtþ 1; 1Þ5 ½NfaðtÞ�3Bf ðtÞ
3 ð1� SðtÞÞ3LcðtÞ � Cðt; 0Þ; (4)

Nf ðtþ 1; xÞ5Nf ðt; x� 1Þ3LfsðtÞ
�Cf ðt; x� 1Þð2# x# k � 1Þ (5)

Nfaðtþ 1Þ5NfaðtÞ3LfaðtÞ � CfaðtÞ þ Nf ðt; k � 1Þ
3 LfsðtÞ � Cf ðt; k � 1Þ (6)

In addition, the number of males by age class is

Nmðtþ 1; 1Þ5 ½NfaðtÞ�3BðtÞ3 SðtÞ
3LcðtÞ � Cðt; 0Þ (7)

Nmðtþ 1; xÞ5Nmðt; x� 1Þ3LmsðtÞ
�Cmðt; x� 1Þð2# x# k � 1Þ (8)

Nmaðtþ 1Þ5NmaðtÞ3LmaðtÞ � CmaðtÞ þ Nmðt; k � 1Þ
3 LmsðtÞ � Cmðt; k � 1Þ (9)

The total number of individuals is expressed as

NðtÞ5Σðx5 0 to k � 1ÞNðt; kÞ þ NaðtÞ (10)

Demographic parameters
There has been no observational or collateral evi-

dence indicating a change in the rate of natural

increase. Furthermore, there have been no significant
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Fig. 4. Trends of the brown bear (Ursus arctos)
density indices based on bear signs found and bear
observations by forest worker crews of the national
forests in the Oshima Peninsula (Hokkaido, Japan)
region from 1996–1998, 2002–2004, and 2012–2020.
(A) is bear information confirmation rate per 100
work crews and (B) is number of feces confirmed
per 100 work crews, respectively.
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differences in brown bear breeding parameters in Hok-

kaido since the 1980s (Mano and Tsubota 2002, Shimo-

zuru et al. 2017, Moriwaki et al. 2017). However, to

consider various possibilities, we conducted simula-

tions assuming that demographic parameters change

annually. Therefore, our analysis encompasses scenar-

ios with both interdecadal changes and density depen-

dence in the rate of natural increase.

We defined birth rate following Mano and Tsubota

(2002) and Shimozuru et al. (2017). The brown bear

population on the Oshima Peninsula has a mean litter

size (M*) of 1.80 § 0.26 cubs (mean § standard devia-

tion [SD]), with a 1:1 sex ratio (S*), and the birth inter-

val was 2.3–3 years (Mano and Tsubota 2002).

Although the age at first birth was estimated to be 4.0

years, cub survival rates for first litters were low. In

contrast, litter size from continuous direct observation

of females with young in the Shiretoko Peninsula was

estimated at 1.76 § 0.08 cubs, with a birth interval of

2.53 years and mean age at first birth of 5.3 years (Shi-

mozuru et al. 2017). For the model, we assumed age at

successful parturition (a) as 6 years and used 2.6 years

as a mean reproductive interval. There were no signifi-

cant differences between the Oshima Peninsula and

Shiretoko Peninsula regions in litter size, birth interval,

and age at first birth, so we employed a litter size of 1.8

cubs, birth interval of 2.6 years, and age at first birth of

6 years (k H 6) for the Oshima Peninsula region. We

set the sex ratio to 0.5.

The major food items in autumn are nuts and berries

(Sato et al. 2005), which show significant annual fluctu-

ations (Masaki and Abe 2008). These fluctuations could

cause annual fluctuations in birth rate, as reported in

American black bears (Ursus americanus; e.g., Rogers
1976, Eiler et al. 1989, Elowe and Dodge 1989). How-

ever, the fluctuation magnitude is uncertain so we

assumed a degree of birth rate fluctuation among years

of 50% for convenience.

Sex- and age-based survival rates are difficult to esti-

mate for bears, especially cubs. Bunnell and Tait

(1985), Craighead et al. (1995), and Harris et al. (2007)

estimated the cub survival rate for the first year after

birth to be 65%. For the hunted brown bear population

in Scandinavia, cub’s survival was estimated as 59%

(Gosselin et al. 2015). In contrast, Shimozuru et al.

(2017) estimated the survival rate from 0.5 to 1.5 years

of age to be 60–73% under conditions of no hunting or

control killing in the Shiretoko National Park, Hok-

kaido. Using these findings as a reference, we assumed

a 65% survival rate in the first year after birth.

The natural mortality of subadults is considered to be

higher than that of adults and that of females to be

higher than that of males (Bunnell and Tait 1985). Sur-

vival estimates from radiotracking adult and subadult

brown bears approximated natural mortality rate at a

few percent, assuming that human-caused mortality

accounts for approximately half of the total mortality

(McLellan et al. 2000: table 1).

For the Oshima Peninsula brown bear population,

natural mortality, including of subadults and older, was

estimated to be 6% for females and 9% for males

(HIES 2000) but with large confidence intervals

(females: 0–18%, males: 0–25%). Prioritizing simplic-

ity in the calculation assumptions, we assumed that

there was no significant difference in the natural sur-

vival rate in the age classes older than subadults or

between males and females. Thus, we assumed the

mean natural mortality rate to be the same and constant

for both sexes from subadults to adults .1 year of age.

We examined the natural mortality rate in 1% incre-

ments from 3% to 8%. We considered uncertainties by

incorporating the interannual variation in the survival

rate L(t) for year t, which was the same for subadults,

adults, males, and females.

Initial population size and age structure
We conducted a computer simulation of the brown

bear population starting from 1968. However, informa-

tion regarding the initial population size was not avail-

able, so we assumed the initial number to be a

uniformly distributed random number between 1 and

1,809 individuals. This upper limit of 1,809 was

observed as of 2012, as described below. For the initial

age structure, we assumed that 65% of the population

consisted of adults, and we set the initial sex ratio to

Nm (1968)/N (1968) H 7/17 (i.e., males are 70% of the

female population for convenience).

Conditions for valid simulation results
Uncertainty and/or annual fluctuations of model

parameters can result in a range of population dynamic

patterns, so we excluded unrealistic cases (e.g., extinc-

tion or irruptive growth) and retained only cases that

met the following conditions:
• First, adult of both sexes did not decline to

extinction at the end of 2021.
• Second, as a consequence of the Spring Bear

Removal from 1966 to 1989, we considered the popula-

tion size to have decreased in the northern and western

parts of Hokkaido (Aoi 1987, 1990; Mano 1991; Mano
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and Moll 1999). We assumed that the population size in

1990, the year the Spring Bear Removal was abolished,

did not exceed that in 1968, the first year of the simula-

tion. This condition, in which the population did not

increase during the 1966–1989 Spring Bear Removal

implementation period, was supported by hunter obser-

vations and other events, as described in the Population

Trends section.
• For the third condition, we assumed that the pop-

ulation in 2012, when the national forest bear sign sur-

vey was restarted, was greater than in 1990, when the

Spring Bear Removal was abolished.

Stochastic population dynamics models tend to

produce population irruptions that are unrealistic

(Lewontin and Cohen 1969, Boyce et al. 2001). We

avoided unrealistic population growth by setting an

upper bound obtained by extrapolating the density

estimate in 2012 obtained for an area of approxi-

mately 300-km2 within the Oshima Peninsula region.

This forested area was considered to have the highest

population density in the entire region from the

results of a sign survey in the 1990s (HIES, unpub-

lished data). In the study area, the density of females

in 2012, estimated using the spatially explicit mark–

recapture method identifying individuals by genetic analy-

sis of samples obtained from hair traps, was 0.215 bears/

km2 (95% confidence interval [CI] H 0.141–0.327 bears/

km2; Tsuruga et al. 2014). We extrapolated the 95% confi-

dence upper limit for this density to a distribution area of

5,531 km2 for brown bears in the Oshima Peninsula region,

and used the resulting number of 1,809 bears as the upper

limit for Nf (2012) in simulations (Fig. 2). We calculated

90% credible intervals (CIs), assuming that the estimated

number of individuals followed a gamma distribution.

Sensitivity analysis of parameters’ uncertainty
To examine the sensitivity of demographic parame-

ters, we varied subadult and adult survival rates by 1%,

ranging from 92% to 98%, and considered COY sur-

vival rates at 60%, 65%, and 70%. Regarding reproduc-

tive parameters, we investigated birth intervals of 2.3,

2.6, and 3.0 years. Table 2 provides an overview of the

parameter combinations investigated.

Results
Population and its trends
Various population dynamics patterns were obtained

depending on the combination of parameters (Table 2).

The number of trials needed to achieve 1,000 trials that

met all the above 3 conditions is denoted as T in

Tables 3 and 4. First, in general, under conditions

of high birth rates, the higher the COY survival

rates and subadult and adult survival rates, the

lower the initial population in 1968 and the higher

the population in the final year of the simulation in

2021. Lower survival and birth rates tended to

cause milder population fluctuations over time,

whereas higher survival and birth rates caused the popula-

tion to increase rapidly after the 1990s (Figs. 5 and 6). In

almost all combinations, the population decreased from

1968 to 1986, then increased, and then decreased in 2005.

Thereafter, some high-survival and high-birth rate combi-

nations increased again, whereas others decreased (Figs. 5

and 6).

The computer simulation was conducted with the ini-

tial values of females as of 1968, ranging from 1 to

1,809, but the estimation results were within a certain

range for each parameter combination. The credible

intervals (CIs) for high survival and birth rates remained

small during the decline from 1968 to the 1980s. How-

ever, they expanded rapidly after the 1990s. In contrast,

the lower survival and birth rates the milder the CI

expansion after the 1990s (Figs. 5 and 6).

Effects of subadult and adult survival rates
To examine the effect of subadult and adult survival

rates on population estimation, we compared the

Table 2. Combinations of demographic parameters
(with uncertainties) employed in the computer simu-
lations used to build a population dynamic model
constructed using long-term harvest data and esti-
mated population dynamics of brown bears (Ursus
arctos) on the Oshima Peninsula, Hokkaido, Japan,
from 1968 to 2021. COY is cub-of-the-year.

Subadult–adult
survival (L)

COY
survival (Lc)

Birth interval
(I; Years)

0.92 0.65 2.6
0.93 0.65 2.6
0.94 0.60 3.0
0.94 0.60 2.6
0.94 0.60 2.3
0.94 0.65 3.0
0.94 0.65 2.6
0.94 0.65 2.3
0.94 0.70 3.0
0.94 0.70 2.6
0.94 0.70 2.3
0.95 0.65 2.6
0.96 0.65 2.6
0.97 0.65 2.6
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populations in 1968, 1990, and 2012, when the model

conditions were set with 2021 as the final year. We

compared subadult and adult survival rates ranging

from 92% to 97% in 1% increments with 65% COY

survival and a 2.6-year birth interval (Table 3,

Fig. 5). At the median trend with 94% subadult and

adult survival, the total of 1,107 bears (634 females,

473 males) in 1968, decreased to 916 (594 females,

322 males) in 1990, respectively, then increased to

1,715 bears (1,103 females, 612 males) in 2012, and

to 2,030 (1,368 females, 662 males) in 2021 (Table 3

and Fig. 5; L H 0.94). Furthermore, at 97% subadult

and adult survival total population was 781 (447

females, 334 males) in 1968, 580 (412 females, 168

males) in 1990, and increased to 1,508 (1,045

females, 463 males) in 2012 and 2,475 (1,681

females, 794 males) in 2021 (Table 3 and Fig. 5; L H
0.97). At the median trends with 92% subadult and

adult survival rates, the total population size

decreased from 894 females and 668 males for a

total of 1,562 bears in 1968 to 832 females, 600 males,

and 1,432 in total in 1990. The population increased

to 1,963 bears (1,187 females, 776 males) in 2012,

and then decreased to 1,803 bears (1,206 females, 597

males) by 2021 (Table 3 and Fig. 5; L H 0.92). Thus,

the abundance of each age group differed depending

on the subadult and adult survival rates; however, the

differences in the estimates were small around 2016

(Fig. 7). Specifically, the 95th percentile values in

2014 and the median in 2016 are nearly identical for

all the survival rates. The 5th percentile values are

also identical in 2019 (Fig. 7).

Effects of COY survival and birth rates
Similarly, we compared the impact of COY sur-

vival and birth rate on the estimation. Estimated

results for 1968, 1990, 2012, and 2021 were com-

pared for the subadult and adult survival rates of

94% (Table 4). The female, male, and total median

values under conditions of 60% COY survival and a

3-year birth interval scenario were 1,468 (females

840, males 628) in 1968; 1,289 (f. 791, m. 498) in

1990; 1,894 (f. 1,197, m. 697) in 2012; and 1,871 (f.

1,294, m. 577) in 2021. Furthermore, under the high

survival and birth rate scenario conditions of 70%

COY survival and a 2.3-year birth interval, the

median females, males, and total were 520, 387, and

907 in 1968; 481, 248, and 729 in 1990; 1,062, 583,

and 1,645 in 2012; and 1,510, 803, and 2,313 in

2021 (Table 4).

Comparing the population estimation based on COY

survival and birth rates, the 95th percentile had the smallest

Table 3. Estimated population sizes for 1968, 1990, 2012, and 2021 for various brown bear (Ursus arctos)
subadult and adult survival rate (L) scenarios (calculated from data collected on the Oshima Peninsula,
Hokkaido, Japan, from 1969 to 2021) under conditions of 65% COY survival (Lc) and 2.6-year birth interval (I).
Nf represents females, Nm represents males, and N represents the total population, respectively. Calculation
results were truncated to the decimal point.

L Abundance
Nf

(1968)
Nf

(1990)
Nf

(2012)
Nf

(2021)
Nm

(1968)
Nm

(1990)
Nm

(2012)
Nm

(2021)
N

(1968)
N

(1990)
N

(2012)
N

(2021) T a

95% CI 1,053 971 1,501 1,726 787 746 1089 1,137 1,840 1,717 2,590 2,863
0.92 Median 894 832 1,187 1,206 668 600 776 597 1,562 1,432 1,963 1,803 165,951

5% CI 752 707 920 803 561 474 530 263 1,313 1,181 1,450 1,066
95% CI 867 825 1,481 1,870 647 592 1040 1,249 1,514 1,417 2,521 3,119

0.93 Median 743 698 1,123 1,254 554 444 672 620 1,297 1,142 1,795 1,874 194,912
5% CI 631 585 828 791 470 323 403 250 1,101 908 1,231 1,041
95% CI 726 690 1,472 2,039 542 431 986 1,349 1,268 1,121 2,458 3,388

0.94 Median 634 594 1,103 1,368 473 322 612 662 1,107 916 1,715 2,030 231,520
5% CI 551 507 802 863 411 233 347 261 962 740 1,149 1,124
95% CI 635 600 1,492 2,301 473 327 958 1,509 1,108 927 2,450 3,810

0.95 Median 556 516 1,097 1,517 415 248 558 731 971 764 1,655 2,248 247,255
5% CI 484 441 779 936 361 183 289 282 845 624 1,068 1,218
95% CI 570 537 1,532 2,572 425 262 942 1,730 995 799 2,474 4,302

0.96 Median 500 461 1,076 1,613 373 202 509 798 873 663 1,585 2,411 204,978
5% CI 436 392 722 929 325 153 235 284 761 545 957 1,213
95% CI 507 456 1,490 2,686 379 219 879 1,767 886 675 2,369 4,453

0.97 Median 447 412 1,045 1,681 334 168 463 794 781 580 1,508 2,475 355,070
5% CI 392 353 699 966 292 126 206 269 684 479 905 1,235

aNo. of trials to obtain 1,000 valid estimations.
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difference in estimates around 2013, the median around

2016, and the 5th percentile around 2018 (Fig. 8).

Characteristics of parameters meeting the
conditions
The intrinsic rate of natural increase r(t) for each year is

calculated backward from ln{Nf(t þ 1)/[Nf(t) � C(t)]}. We

proceeded to analyze the characteristic of successful simu-

lation trials. The intrinsic rate of natural increase, denoted

as r(t), tended to be higher values in 1968 and 1990

across 1,000 trials (Fig. S1, Supplemental material);

however, it is essential to consider the possibility

that this observation could be an artifact.

In just 503 trials (50.3%), we observed a negative corre-

lation between the number of individuals (N(t)) in success-
ful trials and r(t). However, even when exclusively

considering trials with this negative correlation, the results

of population estimation remained largely consistent (refer

to Fig. S2, Supplemental material). The range of popula-

tion fluctuations tended to be smaller.

Furthermore, we assumed that population trends after

2012 are unknown. However, we explored a scenario

where we introduced a condition indicating a population

increase in 2021. Among the 1,000 successful trials, the

population increased in 883 trials. Under this condition, the

population estimates focused on the median, 5th-percentile,

and 95th-percentile values in 2021 were 2,033, 1,416, and

3,165, respectively. Notably, the lower limit was adjusted

upward for the increasing trend (refer to Fig. S3A, Supple-
mental material).
For the 117 scenarios that did not increase, the

median, 5th percentile, and 95th percentile values were

1,374, 1,024, and 1,772, respectively. Under the assump-

tion of no population increase, the lower limit only saw

a slight decrease, while the upper limit was significantly

revised downward (Fig. S3B, Supplemental material).
This suggests that population estimates obtained through

Table 4. Estimated population sizes for 1968, 1990, 2012, and 2021 for various combinations of brown bear
(Ursus arctos) cub-of-the-year survival rate (Lc) and birth interval (I) scenarios (calculated from data col-
lected on the Oshima Peninsula, Hokkaido, Japan, from 1969 to 2021) under conditions of 94% subadult and
adult survivals (L). Nf represents females, Nm represents males, and N represents the total population,
respectively. Calculation results were truncated to the decimal point.

Lc I Abundance
Nf

(1968)
Nf

(1990)
Nf

(2012)
Nf

(2021)
Nm

(1968)
Nm

(1990)
Nm

(2012)
Nm

(2021)
N

(1968)
N

(1990)
N

(2012)
N

(2021) T a

95% CI 980 929 1,526 1,837 733 662 1,034 1,133 1,713 1,591 2,560 2,970
0.60 3 Median 840 791 1,197 1,294 628 498 697 577 1,468 1,289 1,894 1,871 147,027

5% CI 715 667 919 870 534 363 443 243 1,249 1,030 1,362 1,113
95% CI 815 773 1,517 2,017 609 529 1,029 1,307 1,424 1,302 2,546 3,324

0.60 2.6 Median 706 661 1,157 1,377 526 396 664 654 1,232 1,057 1,821 2,031 192,026
5% CI 606 561 859 889 452 287 398 267 1,058 848 1,257 1,156
95% CI 689 654 1,433 2,075 514 399 960 1,395 1,203 1,053 2,393 3,470

0.60 2.3 Median 602 561 1,057 1,345 449 299 566 660 1,051 860 1,623 2,005 248,751
5% CI 523 477 754 811 390 217 299 245 913 694 1,053 1,056
95% CI 884 841 1,543 1,999 661 599 1,052 1,274 1,545 1,440 2,595 3,273

0.65 3 Median 766 721 1,188 1,379 572 452 695 642 1,338 1,173 1,883 2,021 161,647
5% CI 658 613 891 902 492 331 429 265 1,150 944 1,320 1,167
95% CI 726 690 1,472 2,039 542 431 986 1,349 1,268 1,121 2,458 3,388

0.65 2.6 Median 634 594 1,103 1,368 473 322 612 662 1,107 916 1,715 2,030 231,520
5% CI 551 507 802 863 411 233 347 261 962 740 1,149 1,124
95% CI 647 611 1,495 2,287 483 371 1,024 1,582 1,130 982 2,519 3,869

0.65 2.3 Median 571 528 1,108 1,509 426 285 627 781 997 813 1,735 2,290 204,911
5% CI 501 454 795 932 374 214 350 312 875 668 1,145 1,244
95% CI 789 754 1,465 1,934 590 499 985 1,251 1,379 1,253 2,450 3,185

0.70 3 Median 686 647 1,115 1,318 512 370 623 623 1,198 1,017 1,738 1,941 226,688
5% CI 591 551 826 848 441 265 363 252 1,032 816 1,189 1,100
95% CI 665 633 1,452 2,170 496 385 972 1,464 1,161 1,018 2,424 3,634

0.70 2.6 Median 584 544 1,067 1,396 435 290 579 686 1,019 834 1,646 2,082 229,908
5% CI 510 464 758 834 380 213 310 250 890 677 1,068 1,084
95% CI 589 558 1,487 2,396 439 316 1,018 1,687 1,028 874 2,505 4,083

0.70 2.3 Median 520 481 1,062 1,510 387 248 583 803 907 729 1,645 2,313 261,680
5% CI 457 411 727 875 340 191 294 301 797 602 1,021 1,176

aNo. of trials to obtain 1,000 valid estimations.

10 HARVEST-BASED ESTIMATOR OF A BROWN BEAR POPULATION � Mano et al.

Ursus 35:article e25 (2024)

Downloaded From: https://bioone.org/journals/Ursus on 28 Feb 2025
Terms of Use: https://bioone.org/terms-of-use



this method may be subject to revision if additional

information confirming a population trend post-2012

becomes available.

Discussion
Characteristics of simulations
We conducted simulations using independent ran-

dom numbers for 5 parameters: number of offspring,

birth interval, survival rate of COY (Cubs of the

Year), subadults aged 1–5 years old, and adults. The

uncertainty for each parameter was assumed to be

§5%, and the overall magnitude of process uncer-

tainty per year, considering the square root of the

number of independent random variables, was approx-

imately §14%. This process was repeated for 50

years. Many simulations resulted in either too high or

too low rates of natural increase. As a result, ,0.6%

of all trials met the criteria for the population trend

(Ta .165,000 in Table 3).

We imposed qualitative conditions regarding popu-

lation trends and selected only trials that met the 3

Fig. 5. Population dynamics of brown bears (Ursus arctos) on the Oshima Peninsula (Hokkaido, Japan)
from 1968 to 2021 under various subadult and adult survival rate scenarios with a cub-of-the-year (COY) sur-
vival rate of 0.65 and birth interval of 2.6 years obtained by simulations. The gray area indicates the range of
the 90% credible interval (CI).
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specified conditions. Similar to Approximate Bayesian

Calculation (ABC), this method lacks knowledge of

the likelihood of each trial, rendering it unable to effi-

ciently perform a parameter search, as seen in the

Monte Carlo Markov Chain Method (MCMC; Frost

et al. 2023). In ABC, a prior distribution of all param-

eters and the initial population size is provided. How-

ever, in this study, average values of the parameters

were assumed, and the robustness of the results was

examined through sensitivity analysis.

Among the 1,000 successful trials, the lowest female

population size in 1968 was 471. This implies that, despite

assuming an initial female population size between 0 and

1,809, there was no need to explore initial population sizes

of ,471, which constituted more than one-quarter of all

trials. Although there are numerous other parameter

combinations where results may not be successful,

searching within a broad range enables the elimina-

tion of preconceptions.

Different combinations of demographic parameters

yielded different population estimates and patterns of

increases or decreases over 40 years. However,

despite the 3 conditions (i.e., the population in 1990

must not exceed the initial population in 1968, adults

must not become extinct, and the population in 2012 must

not exceed the upper limit obtained by the independent

population estimation), we were able to narrow down the

range of population size meeting these criteria in the final

years of the computer simulation. The median, 5th

percentile, and 95th percentile estimates all converged

after the 2010s, at the end of the simulations compared

with earlier periods (Figs. 7 and 8). These results dem-

onstrate that, even when accounting for parameter

uncertainties, certain inferences on population estima-

tion can be drawn from the fact that harvesting lasted

for .40 years and from the knowledge of qualitative

population trends.

For the condition that the population declined as a result

of the Spring Bear Removal, the upper limit was regulated

by the initial population (1968) and the population trend

was considered to have remained unchanged until the

1980s, without an increase in the margin of error. How-

ever, the population increased until 2012 when a new

upper population limit was established and the credible

interval (CI) continued to increase. After 2012, when no

new upper limit existed, the CI widened (Figs. 5 and 6).

Fig. 6. Population dynamics of brown bears (Ursus arctos) on the Oshima Peninsula (Hokkaido, Japan)
from 1968 to 2021 under various cub-of-the-year (COY) survival rate (cs) and birth interval (bi) scenarios with
subadult and adult survival rates of 0.94. The gray area indicates the range of the 90% credible interval (CI).
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Fig. 7. Comparisons of 95th percentile, median, and 5th percentile of the estimated brown bear (Ursus arc-
tos) population dynamics on the Oshima Peninsula from 1968 to 2021 for various subadult and adult survival
rate scenarios under conditions of cub-of-the-year (COY) survival rate of 0.65 and birth interval of 2.6 years.
Auxiliary scales are indicated by dashed lines in 2014.
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Fig. 8. Comparisons of 95th percentile, median, and 5th percentile of the estimated brown bear (Ursus arc-
tos) population dynamics on the Oshima Peninsula (Hokkaido, Japan) from 1968 to 2021 for various cub-of-
the-year (COY) survival rate and birth interval scenarios under conditions of subadult and adult survival
rates of 0.94. Auxiliary scales are indicated by dashed lines in 2014.
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Thus, the upward swing in estimates after 2012 would be

more pronounced than before.

We set the initial sex ratio in this simulation for con-

venience. In this case, the initial female population size

must be essentially important because the subsequent

population dynamics would be mostly influenced by

the initial female population size.

Brown bear population dynamics
Using only the results of computer simulations, it

was difficult to select the most probable scenario

among the valid population trends obtained. Although

we were able to estimate the population size around

2014 within a relatively narrow range regardless of

demographic parameters, we were unable to narrow

down the specific values of the demographic parame-

ters. As shown in Table 4, there is a negative correla-

tion between the initial population size and survival

rate and birth rate, but it remains unclear which combi-

nation is more realistic.

Bear-sign indicators in national forests increased in

the 2010s compared with the pre-2000s; however, this

alone made it difficult to estimate the rate of increase

(Fig. 4). A series of results with scenarios of high sub-

adult and adult survival rates suggest that the popula-

tion increased rapidly in the 1990s to levels exceeding

those of the pre-1970s. Certainly the population would

have increased since 1990, but it has been growing

unrealistically fast, and the population level around

2020 has been several times larger than that in the

1990s. In contrast, scenarios of low subadult and adult

survival rates do not show extreme increases or

decreases with a high median population size of

approximately 2,000 (Fig. 5). It is uncertain how such

gentle population fluctuations can be recognized by

hunters at the Spring Bear Removal or forest workers.

In other words, it is difficult to identify actual popula-

tion dynamics based on these results alone.

Among the parameters examined, reproductive param-

eters, such as first birth age and birth rate, are easier to

estimate than the survival rate, which is difficult to esti-

mate with high precision (Eberhardt 1990). We consid-

ered default conditions of 65% COY survival and a

2.6-year birth interval, which are also close to the condi-

tions found in the Shiretoko National Park (Shimozuru

et al. 2017). Under these conditions, the high subadult

and adult survival scenario resulted in a rapid increase

from low abundance levels in the 1960s to the 1990s and

beyond. In contrast, in the low subadult and adult survival

scenario, the population remained high since the 1960s,

and the increase or decrease was moderate (Fig. 5).

The most probable value for subadult and adult sur-

vival is important to determine. Natural mortality rates

(N, 95% confidence interval) for subadult and adult

female bears obtained by the radiotracking surveys

conducted in the southwestern part of the study area

were 6% (13, 0–18%) for 1987–1996 and 5% (11,

0–16%) for 1999–2003 (HIES 2000, 2004). The esti-

mates remained virtually unchanged throughout the

period. Adopting a subadult and adult mortality rate of

6% yielded the moderate estimates (Table 3; Fig. 5

[L H 0.94]). The 5th percentile of estimation suggests

that the number of animals decreased from 962 in 1968

to 740 in 1990, then increased to 1,149 in 2012, and

decreased to 1,124 in 2021. The number of animals has

remained constant or even slightly decreased since the

2010s (Table 3; Fig. 5). Dividing these populations by

the 5,531-km2 forest area yields 36.7 bears/100 km2 in

median and a minimum density of 20.3 bears/100 km2 as

of 2021.

Challenges in estimation methods
Density estimation of bears using spatially explicit

mark–recapture models has been widely practiced in

Japan in recent years; however, its effective use in pop-

ulation estimation has been challenging (Tsuruga 2008,

Ueuma and Nakayachi 2006, Morimitsu 2008, Yamau-

chi and Saito 2008). This is because density estimation

surveys can only be conducted over a limited area

(from tens to hundreds of km2) and it has not been clar-

ified how these results can be used to estimate the

entire population, which has a distribution area of sev-

eral thousand square kilometers.

In this study, we proposed a method for utilizing the

results to calculate the upper limits of computer simula-

tions. The estimated density in areas that are higher-

density than the average density in the population

distribution area can be used as the upper limit for the

estimation. However, it is necessary to obtain a new

upper limit at regular time intervals to control the

expansion of estimation errors.

Although the model incorporates process uncertainty

through random fluctuations in demographic parame-

ters, it did not consciously account for long-term changes

in time series parameters. In general, for K-selected spe-

cies, such as bears, the demographic parameters are

expected to be stable (Bunnell and Tait 1981); but for the

analysis of long-term trends over several decades, the

demographic parameters may change with environmental
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changes. For example, a decline in the reproductive per-

formance of grizzly bears (U. arctos) associated with the

closure of garbage dumps was observed in Yellowstone

National Park (Stringham 1986). Although there are cur-

rently no observations to date suggesting that such signifi-

cant fluctuations occur in the brown bear population of

the Oshima Peninsula region, monitoring is necessary.

Moreover, given demographic fluctuations, although we

employed uniform distribution to the number of births

and deaths, it may be better to apply a binomial distribu-

tion. However, the number of individuals was sufficiently

large in all trials and the effect of population fluctuations

was considered negligible.

Furthermore, although the model does not explicitly

account for density effects, long-term observational

data suggest that litter size may be influenced by popu-

lation density (Schwartz et al. 2006) or cubs’ survival

could be reduced by infanticide (Gosselin et al. 2015).

Density effects were not considered in the model, so an

unlikely population irruption could have occurred.

Would the accuracy of population estimates improve

if the trend of population could be determined? The

estimated range increased under increasing conditions

from the 1990s to 2012 (Figs. 5 and 6); therefore, popu-

lation trend information would be useful to obtain reli-

able population estimation (Fig. S3). Also, it would be

necessary to periodically obtain an upper limit to

remove excessive increase results by the stochastic

model. In this calculation, there occurred a 9-year

period during which the population could increase

without an upper limit after the upper limit was set in

2012. It would be considered necessary to obtain a new

upper limit with a 10-year interval, considering the

duration of the bear management plan.

It should be noted that hunting statistics generally do

not include records of poaching, and some kills are

unreported (HIES 2000). However, this implies that the

actual bear harvest number is likely higher than that

used in our model, introducing a downward bias to our

population estimates compared with the actual situa-

tion. Assuming a conservative approach to population

management, such a bias is not necessarily a problem.

The method we used did not require estimation of the

harvest and natural mortality rates, which are difficult

to obtain with high accuracy. Such mortality rate infor-

mation would be useful for analysis of population

dynamics where large numbers of bears have been har-

vested over long periods; however, intensive studies,

such as large-scale mark–recapture or radiotracking

methods, have not been conducted. In addition, it may

also be applied to bears other than brown bears, for

which information is limited to hunting statistics.

Management implications
Takinami et al. (2021) demonstrated a significant

decline in the brown bear population in northern Hok-

kaido by the 1980s, followed by a gradual increase

after the 1990s. In contrast, the decline estimated in

this paper for the Oshima Peninsula area was relatively

mild, indicating a rapid increase after the discontinua-

tion of the Spring Bear Removal. This discrepancy is

likely attributable to regional differences in the impact

of the Spring Bear Removal.

Although the Oshima Peninsula has limited space,

there are likely refugia in various locations where hunt-

ers’ access is physically restricted by the steep moun-

tainous terrain, making it impractical to eliminate all

bears. On the other hand, the northern Hokkaido region

reported by Takinami et al. (2021) features a relatively

gentle hilly terrain with ample snow cover, facilitating

efficient bear hunting. Additionally, the habitat in this

region is probably less productive compared with that

of the Oshima Peninsula, resulting in a lower popula-

tion density. These observations align with the regional

population estimates outlined in the Hokkaido Brown

Bear Management Plan (Hokkaido Government 2022).

HIES (2000) estimated the population size, exclud-

ing COY, on the Oshima Peninsula by calculating har-

vest rates using radiotracking surveys and the number

of kills since 1992. They estimated 380 females and

142 males, for a total of 522 individuals. In addition,

according to a questionnaire survey of hunters in Hok-

kaido, the brown bear population size was estimated at

281–544 in 1992 and 379–685 in 2012. Inukai et al.

(1985) estimated that the brown bear population in the

region in 1980 ranged from 490 to 638. In this estimate,

if we adopt the 5th percentile obtained under the sce-

nario of subadult and adult survival rates of 94%, COY

survival rate of 65%, and birth interval of 2.6 years, then

the 5th percentile estimate in 1990, when the population

declined from 1968, was 740 as compared with 1,149 in

2012 and 1,124 in 2021. Population size estimations

from previous studies may have been underestimated.

We assumed that the population increased in 2012

compared with that in 1990. However, although the

number of deaths has increased since then, it is impos-

sible to determine whether the population has contin-

ued to increase or has declined since 2012, because

there are no reliable results from longitudinal surveys
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on the population size or its index. Except for L H
0.92, in Figure 5, the upper limit values, including

Figure 6, continue to increase; and except for L H 0.96

and 0.97 in Figure 5, the lower limits, including Figure 6,

start to decrease. Interval estimates of populations

resulted in lower bounds of about 1,050–1,250 individu-

als and upper bounds of about 2,900–4,500 individuals

in all scenarios.

Nonetheless owing to differences in the natural

increase rates, the lower bounds on the number of kills

needed to reduce the population and the upper bound on

the number of kills needed to avoid reducing the popula-

tion differ considerably. Bayesian estimates of popula-

tion size based on population dynamics models that

consider catches usually show a negative correlation

between population estimates and natural increase rates

(Matsuda et al. 2002: fig. 7c). However, in the estima-

tion method used in our study, the natural increase rate

was high in the scenario that gives an upper limit of the

population estimation, whereas the lower limit was low.

This implies that there is a high degree of uncertainty in

the target setting for the number of bears to be culled.

Although increasing social pressure to enforce popula-

tion control by killing to reduce the growing human–

bear conflict has been noted in recent years (Uchiyama

2023), careful management based on harvesting and

monitoring of the population must be necessary.
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Supplemental material and
appendices

Fig. S1. Median and 95% interval of recruitment
rates (r) in 1,000 successful trials for a scenario with
a cub survival rate of 0.65, subadult–adult survival
rate of 0.94, and an average birth interval of 2.6.

Fig. S2. Estimated population dynamics for a sce-
nario with a cub survival rate of 0.65, subadult–
adult survival rate of 0.94, and an average birth
interval of 2.6, from all 1,000 trials meeting the con-
ditions (thick line) and, among them, 503 trials
demonstrating a negative correlation between popu-
lation size and recruitment rate (S2: thin line).

Fig. S3. Estimated population values from 1,000
trials meeting the conditions (thick line) and among
these, 883 trials showed an increase in the popula-
tion from 2012 to 2021 (thin lines in A), while the
rest showed no increase in the population (thin lines
in B). Combination of parameters is consistent with
Figs. S1 and S2.

Appendix 1. Number of brown bears killed in the
Oshima Peninsula region, Hokkaido, from 1969 to
2021.

Appendix 2. Age distribution of brown bears
killed in the Oshima Peninsula region, Hokkaido,
from 1983 through 1989.

Appendix 3. Age distribution of brown bears
killed in the Oshima Peninsula region, Hokkaido,
from 1990 through 2020.
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