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Assessing the viability of Scandinavian brown bear, Ursus arctos,
populations: the effects of uncertain parameter estimates
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Based on data from radio-collared individuals, we present an analysis of the viability
of two small populations of the Scandinavian brown bear, Ursus arctos. The northern
and southern populations had different demographic characteristics, even though the
population growth rate r and the demographic variance s were high in both
populations (r = 0.13 and s2=0.180 in the north, and r =0.15 and s7=0.155 in the
south). In the northern population the environmental variance s was not signifi-
cantly different from 0, whereas in the south s2 = 0.003. In the south, this was related
to high environmental stochasticity in the survival rate of the youngest animals,
which resulted in an increase in survival with age in this population. In contrast, in
the north, the probability of survival showed a slight decrease with age. Uncertainties
were obtained from the joint distribution of bootstrap replications of r, s and .
Although the uncertainty in these estimates is quite large, it is unlikely that even
relatively small populations (> 10 females > 1 year old) will decline to size less than
1 after 100 years. Analysis of the distribution of the critical population size (i.e. the
population size where the population’s logarithmic growth rate is zero) shows that
these brown bear populations must be larger than 3-4 females | year or older to
secure a positive growth rate. Similarly, if we define a viable population as the
population size where the chance of survival is greater than 90% during a period of
100 years, 8 females > 1 year old must be present in the north and 6 females in the
south. This high viability of even small brown bear populations is due to high
reproductive and survival rates. A relatively small increase in the mortality rate will
strongly reduce the viability of even relatively large brown bear populations.
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Many large mammalian carnivore populations have
decreased dramatically in size during the last century,
mainly due to human persecution and habitat degrada-
tion (Servheen 1990). For instance, the Scandinavian
brown bear (Ursus arctos) population was driven al-
most to extinction by 1920-1930 through overhunting
(Swenson et al. 1995). The number of bears has steadily
increased during the past 60 years or so (Swenson et al.
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1994, 1995). Because the brown bear is a very contro-
versial species in Norway due to its predation on un-
tended sheep (Sagor et al. 1997), an important question
has been to determine the minimum size of a viable
brown bear population.

Viability analyses have now been conducted for a
large number of species (Boyce 1992, Burgman et al.
1993). For instance, it has been actively used for at least
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a decade in the management of the Yellowstone grizzly
bear (Ursus arctos horribilis) population (Shaffer 1983,
Boyce 19995). One of the great advantages of population
viability analysis is that it introduces a quantitative
element into the risk assessment. However, as forcefully
argued by Caughley (1994), many of these analyses
involve parameters with great uncertainties, which may
give unreliable predictions. This problem is clearly illus-
trated by Mills et al. (1996), who showed that small
differences in the procedures for estimating the popula-
tion growth rate and the form of the density depen-
dence among four viability analysis computer programs
lead to very different viability predictions, even for the
same data set from a hypothetical, increasing and de-
creasing grizzly bear population.

The purpose of the present paper is to perform a
viability analysis of the Scandinavian brown bear popu-
lation, using data on reproduction and survival of
individually recognizable individuals. A central focus
will be to estimate the amount of uncertainty in the
parameters, and to evaluate how this uncertainty affects
the viability estimates.

The Scandinavian brown bear

The authorities encouraged efforts to exterminate the
brown bear in Scandinavia during several centuries.
This effort was successful in Norway, but a few rem-
nant populations were saved in Sweden after authorities
began efforts to save the species around the turn of this
century (Swenson et al. 1995). The total number of
bears in the four geographically distinct remnant popu-
lations that survived to the present may have been as
low as 130 around 1930, but the population has in-
creased slowly since then and hunting has been allowed
in Sweden since 1943 (Swenson et al. 1994, 1995). Bears
show sex-biased dispersal, with males dispersing far and
females remaining near their place of birth, often estab-
lishing a home range within their mother’s home range
(Rogers 1987, Reynolds 1993). Based on this, and the
dispersal distances we have observed in radio-marked
bears (unpubl.), we expect that the four remnant popu-
lations, where females are concentrated, have no inter-
change of females but that interchange of males does
occur. An analysis of genetic structure, based on mito-
chondrial DNA, supported this conclusion (Taberlet et
al. 1995). Our two study populations, separated by
approximately 600 km and located in two different
remnant populations, were therefore probably demo-
graphically distinct. The northern population was cen-
tred in the vicinity of Kvikkjokk, southern Norrbotten
county, whereas the southern population was centred in
the vicinity of Noppikoski and Alvdalen, northern
Kopparberg county in Sweden.

Both study areas were dominated by boreal forest,
with Scots pine (Pinus sylvestris) and Norway spruce
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(Picea abies) as the most common tree species. The
southern area was rolling, but the northern area also
included mountains, with alpine areas, and a birch
(Betula spp.) dominated subalpine zone.

In studies of demography, it is important that the
selection of individuals is as representative as possible.
Almost all bears in this study were first captured in one
of three ways: (1) by location of tracks on spring snow
and following them, and capturing by darting from a
helicopter, (2) by locating unmarked bears in company
with radio-marked bears during the breeding season
and capture from a helicopter, and (3) capture of
yearlings with radio-marked females, also from a heli-
copter. Our study included no bears that were captured
because they had been in conflict with humans. After
the first capture, we were able to continue to follow
most females until they died or to the end of 1995,
because we recaptured them using helicopters to change
the radio-transmitters before the batteries became ex-
hausted. However, in a few cases, radio failure caused
us to lose contact with females.

Another important aspect of demographic studies is
that the animals in the study area are similar enough to
the others that the results can be extrapolated. In this
case, there were differences between our study animals
and bears generally in Sweden. The mountainous por-
tions of the northern study area were dominated by
national parks, where bear hunting is forbidden and, in
the southern study area, the landowners have tradition-
ally been restrictive regarding bear hunting. The result
is that bears in the study areas were less exposed to
legal hunting than ‘average’ brown bears in Sweden
(Swenson et al. 1994). Another difference is more
difficult to document, but it is our definite impression
that bears are more often killed illegally outside the
study areas than inside them. This difference appears to
be most pronounced in the north, where illegal killing
generally seems to be more widespread than in the
south. Finally, the high survival of cubs-of-the-year in
the northern study area might not have been represen-
tative. No adult males were killed legally in the north-
ern study area during the study period. Using a
retrospective experiment and using data from both
areas, we have shown that cub mortality increased
dramatically following the killing of adult males, pre-
sumably due to infanticide perpetrated by immigrating
males (Swenson et al. 1997). All of these factors tend to
give our study populations a somewhat higher popula-
tion growth rate than the bears outside our study areas.

Our data on survival are based on 50 cubs-of-the-
year in the north and 74 in the south. These were not
marked, but were in the company of marked mothers.
Cubs following marked females were counted when
they left the den with their mother in the spring and at
least before they entered a den with their mother in the
autumn. If they disappeared during their first year of
life, they were assumed to have died. We know that
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these young can survive if they are separated from their
mother in summer or autumn (Swenson et al. in press);
however most young were lost before summer (Swen-
son et al. 1997). Any young that had died in the den or
at the den site were not considered, because we were
only able to visit dens in the south. All other data were
based on radio-marked bears. We captured bears only
during the spring, so we used the Kaplan—Meier tech-
nique to estimate survival (Kaplan and Meier 1958). In
the north, we followed 19 yearling females, 10 two-
year-olds, 8 three-year-olds, 8 four-year-olds, and 15
individual adults for a total of 54 years. In the south,
we followed 22 yearling females, 13 two-year-olds, 11
three-year-olds, 10 four-year-olds, and 18 individual
adults for a total of 62 years. The bears were located
every week, so it was relatively easy to determine the
time and cause of death. In addition, many bears bore
transmitters with mortality sensors. Sometimes a trans-
mitter would suddenly quit working when it had not
shown any signs of malfunction earlier. If this occurred
during the autumn hunting season or in the spring
when it was still possible to drive a snowmobile on the
snow, this was considered to be an illegal killing. This
may have inflated the mortality levels somewhat, but
bears that have been classified as ‘probably killed ille-
gally’ have not been recaptured subsequently, and only
one has been Kkilled subsequently during a hunting
season.

The reproductive data are based on 20 litters born to
13 females in the north and 31 litters born to 12 females
in the south. We followed 13 females >5 years old
during 52 reproductive seasons in the north and 18
females >4 years old during 70 reproductive seasons in
the south. The earliest age of reproduction was 5 years
in the north and 4 in the south.

Prediction of fluctuations in brown bear
populations

Definitions

The probability of extinction of a population of size N
is determined by the long-term population growth rate
ro. When ry < 0, the population will certainly go extinct.
Even when X =e™ > 1 the population may not persist.
The probability of extinction will depend on the demo-
graphic variance (i.e. variance in the individual fitness
per year) and environmental variance, arising from
fluctuations in the environment affecting all individuals
equally (May 1974, Leigh 1981, Goodman 1987, Lande
1993).

First, assume a population with no age structure (we
later relax this assumption). The contribution R; of one
female i to the next season is the number of surviving
female offspring plus | if the female survives herself.
Then, assuming no intraspecific competition, the demo-
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graphic variance (Engen et al. 1998, Sether et al. 1998)
is defined as

G4(N) = var (R;) — cov (R;, R;) =5 var (R, — R)) (1)

for i #j. This parameter describes the variation among
the individuals within the same season, and can gener-
ally depend on population size N.

The mean value of R, may vary across seasons due to
annual variation, e.g. in the food supply, climate or
predation rate. This environmental variance can be
defined as

O_E(N)ZCOV (R, R,‘) (2)

for i #j, where R, and R; are contributions within the
same year (Engen et al. 1998, Appendix 1).

Let AN be the change in population size from one
season to the next. From eqs (1) and (2), the variance in
the population size will, according to Engen et al.
(1998), be

var (AN) = c(N)N + c2(N)N>. (3)

Now consider an age-structured population with no
density dependence. Let 7 be a discrete time interval
and assume E(AN)=pN and var (AN) = 62N + c2N,
where AN is the change in population size during
interval ¢. This process can be approximated by a
diffusion process with infinitesimal mean and variance
W(N)=rN and v(N)=s3N+s2N?, provided that the
stochastic fluctuations are not too large. We achieve a
diffusion process with exactly the same expectation and
variance in AN as in the discrete process (Engen et al.
unpubl.) by choosing r, 52, and s3 as appropriate func-
tions of p, o2 and o2, as shown in Appendix 1.

The diffusion approximation in age-structured
populations with demographic and environmental
stochasticity

We now consider an age-structured population as a
Markov process without density dependence. Let N, =
(No.s» Niys - ... Ni,) represent the population vector at
time 7, where k is the maximum age. Thus, N,, is the
number of individuals in age class i at time 7. Let 0, be
a vector that describes the environment at time ¢ (En-
gen et al. unpubl.), and assume that 0,,0,,... is a
sequence of independent stochastic vectors. According
to Goodman (1967), we obtain a general class of age-
structured population models by assuming that the
contribution of an individual to the next season, condi-
tional on 0,, is a random variable dependent on the age
of the individual and 0,. This class of models can be
approximated by a diffusion process with infinitesimal
mean in the form rN and constant, but positive, demo-
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