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Abstract We tested six hypotheses to explain expected
geographical differences in body masses of 1,771 brown
bears (Ursus arctos) from northern and southern Europe
(Sweden and Norway compared with Slovenia and Croatia):
Bergmann’s rule, the fasting endurance hypothesis, and the
dietary meat hypothesis, which predicted larger bears in the
north; and hypotheses stressing the role of high primary
productivity, high population density, low seasonality, and
length of the growing season, which predicted larger bears in
the south. Although brown bear populations in North
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America vary greatly in body mass, we found no significant
difference in body mass between the two European popu-
lations using a new analytical approach incorporating
modeled age-standardized body masses in linear models,
when correcting for sex and season. The greater variation in
North America may be due primarily to the presence of large
bears that feed on salmon (Oncorhynchus spp.), which does
not occur in Europe. Asymptotic body masses were 115 + 9
(SE) kg in spring and 141 = 9 kg in autumn for southern
females, 248 + 25 and 243 + 24 kg for southern males,
96 + 2 and 158 + 4 kg for northern females, and 201 + 4
and 273 + 6 kg for northern males, respectively. Northern
bears gained more body mass before hibernation and lost
more during hibernation than southern bears, probably be-
cause hibernation was twice as long in the north. Northern
bears gained and southern bears lost mass during the spring,
perhaps due to the greater availability and use of protein-rich
food in spring in the north. As reproductive success in bears
is correlated with adult female body mass in interpopulation
comparisons, brown bears may have relatively similar
reproductive rates throughout Europe, although minimum
age at primiparity and litter interval are lower in the south.

Keywords Body growth - Ursus arctos - Europe

Introduction

Body size influences most behavioral, anatomical, physical,
physiological, and life-history traits of an organism
(Clutton-Brock et al. 1982; Peters 1983; Stearns and Koella
1986; McNab 1989; Stearns 1992). Growth patterns are also
an important component in reproduction, as attainment of
approximately 80-92% of threshold mass or length has been
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associated with onset of reproductive maturity in mammals
in general (Laws 1956; Sadleir 1969), including brown bears
(Ursus arctos) (Kingsley et al. 1988). The size of female
bears has important implications for individuals and popu-
lations, as it has been positively related to factors such as
litter size, interbirth interval, and the size and survival of the
young in studies comparing both populations and individu-
als within a population (Rogers 1976; Blanchard 1987,
Stringham 1990a, 1990b; Schwartz and Franzmann 1991;
Derocher and Stirling 1994, 1996, 1998; Atkinson and
Ramsay 1995; Samson and Huot 1995; Hilderbrand et al.
1999a). Several studies of bears have documented geo-
graphical differences in size (Derocher and Stirling 1998;
Hilderbrand et al. 1999a; Ferguson and McLoughlin 2000;
Kojola and Laitala 2001; Derocher and Wiig 2002).
Several hypotheses have been formed to explain geo-
graphical variations in size, and many have been tested
using data from bears. The classic hypothesis is
Bergmann’s (1847) ‘“‘rule,”” which states that homeother-
mic vertebrates are larger in cool than warm climates
(Mayr 1956). Seasonality has also been proposed as the
primary agent of selection for large body size, due to
increasing accumulation of body reserves in harsher envi-
ronments to increase fasting endurance during periods of
food shortage. This has been called the ‘‘fasting endurance
hypothesis’” (Boyce 1978; Lindstedt and Boyce 1984).
Other hypotheses suggest that size should be positively
correlated with primary productivity (Rozenweig 1968),
and, similarly, that female brown bears should be larger in
areas with high population density, high primary produc-
tivity, and low seasonality (Ferguson and McLoughlin
2000), although Hilderbrand et al. (1999a) analyzed the
amount of meat in the diet in almost the same populations
of brown bears as Ferguson and McLoughlin (2000) and
found that female body size correlated well with the

LX)

proportion of meat in the diet. Kojola and Laitala (2001)
found that the rate of growth among male, but not female,
brown bears in Finland was positively correlated with the
length of the growing season. Others have found little or no
relationships between sizes of bears over large geographi-
cal areas (McNab 1971; Kingsley et al. 1988), or that many
populations were similar in size, but some groups differed
from others (Derocher and Stirling 1998; Ferguson and
McLoughlin 2000).

Except for Kojola and Laitala (2001), all of these studies
have been conducted in North America. Also, these studies
have often used a combination of spring and autumn body
masses as a basis for comparison (see Stringham 1990a,
1990b; McLellan 1994; Hilderbrand et al. 1999a; Ferguson
and McLoughlin 2000). Body masses in these two seasons
are usually different, with bears having higher body
mass and fat mass in autumn before winter hibernation
(Hilderbrand et al. 2000).

Here, we describe the body mass in two brown bear
populations near the northern (Scandinavia; Sweden and
Norway) and southern (northern Dinara Mountains; Slove-
nia and Croatia) parts of the species’ distribution in Europe,
referred to here as ‘‘north’” and ‘‘south,”” respectively. We
test the hypotheses mentioned above and compare the range
of body growth observed in Europe with that found in North
America. Some of the hypotheses predict larger bears in
northern Europe: Bergmann’s rule, the fasting endurance
hypothesis, and the dietary meat hypothesis. The latter
predicts larger bears in the north, because a review of
European studies showed that northern brown bears had a
considerably higher proportion of meat in their diet than
southern bears (Elgmork and Kaasa 1992). This is also the
case in our study areas, with generally higher proportions of
protein-rich foods (meat and insects) in the diet in the north,
especially in spring (Table 1). The fasting endurance

Table 1 Occurrence of protein-rich foods in the diet of brown bears in southern Europe (Dinara Mountains) and northern Europe (Scandinavia),

based on fecal volume of collected scats

Area Meat (%) Insects (%) Reference

Spring Summer Fall Spring Summer Fall
South
Ljubljanski Vrh, SI* 6.9 13.4 14 1.8 25.8 6.5 GroBe (1999)
Sneznik, Sl 9.1 0 2.0 1.2 20.5 12.7 Grofie (1999)
Plitvice Lake NP, C° 0 0 1 1 3 1 Cicnjak et al. (1987)
North
Pasvik, N 52.3 38.9 14.3 2.4 6.2 5.0 Persson et al. (2001)
Jamtland, Sw 37 5 1 7 10 3 Dahle et al. (1998)
Dalarna, Sw 25 15 2 12 16 6 Opseth (1998)

The sites are listed from north to south within each region (C = Croatia, S1 = Slovenia, N = Norway, Sw = Sweden)

% In addition, winter scats contained 63.2% meat and no insects

> In addition, winter scats contained 1% meat and no insects; NP stands for National Park
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hypothesis predicts larger body size in the north in both
spring and autumn, because large physical size allows for the
storage of more fat (Lindstedt and Boyce 1984). Conversely,
the hypotheses stressing the role of high primary produc-
tivity, high population density, and low seasonality predict
that bears will be larger in the south. Brown bears in the
south occur in higher densities and have much smaller home
range sizes than those in the north (Huber and Roth, 1993;
Dahle and Swenson 2003). Although our primary goal was
to test these hypotheses, the analysis also allowed us to
examine differences in body mass dynamics between brown
bears in southern and northern Europe.

Methods and study areas

Hunters and researchers in the south weighed the bears
before they were eviscerated or skinned. The brown bear
hunting season is from 1 October to the end of February in
Slovenia and 1 October to 31 April in Croatia. In both
countries, hunting is allowed only from elevated stands
over exposed baits during moonlit nights; hunters feed
carrion and corn to the bears year-round at the bait stations,
with the most intensive feeding occurring during the
hunting season (Huber and Frkovi¢ 1993; Simoni¢ 1994).
In addition, body masses were obtained from bears killed
as depredators or in traffic (Adamic¢ 1997) and those cap-
tured for radio telemetry studies. In Sweden, hunters are
required to report all kills, provide the authorities with a
premolar tooth for age determination, and report body mass
obtained using scales at slaughterhouses. In a few cases
hunters provided the masses of field-dressed bears or bears
with the skin, head, feet, and internal organs removed,
rather than the whole body mass. In these cases, we esti-
mated whole body mass from the field-dressed or slaughter
masses, using published regressions (Swenson et al. 1995).
Brown bears are hunted only in the autumn in Sweden,
with hunting seasons from 21 August to 15 October (cen-
tral Sweden) and 21 August to 30 September (northern
Sweden). Hunting over baits was allowed during most of
this study, and 24% of the bears shot during 1981-1998
were shot over bait (Fujita 2000). Brown bears are not
hunted in Norway, but we obtained the body mass of bears
killed as marauders. Spring body masses of bears captured
by immobilizing them from a helicopter, usually in May,
were obtained using spring scales in two study areas, one in
the northern Sweden, and one in central Sweden—south-
eastern Norway (Swenson et al. 1994). Age estimation was
determined by Matson’s Laboratory (Milltown, MT, USA)
based on the cementum annuli in the premolar tooth root
(Matson et al. 1993). Data were obtained from Croatia
during 1981-2000, from Slovenia during 1991-2001, and
from Scandinavia during 1981-2003.

Because the bears were weighed over extended periods,
we regressed the mass of each individual on the time of
weighing. This was done separately for each sex, popula-
tion, and season. Cubic regressions gave the best fit, based
on R? values. We used these regressions to correct each
body mass to a standard date for spring and autumn for
constructing the growth curves. Bears in Dinara and
Scandinavia differ in hibernation behavior, so body masses
were corrected to a biologically meaningful date that could
be compared between the populations. We chose the mean
dates of den entrance and emergence for females in each
population. In the north, this was 19 October in autumn
(N = 195 dennings by 40 females) and 30 April in spring
(N = 198 emergences by 73 females) (Friebe et al. 2001;
Manchi and Swenson 2005). In the south, it was 7
December (N =9 dennings by 9 females) and 21 March
(N=9 emergences by 9 females), respectively (P.
Kaczensky and D. Huber, unpubl. data). We fitted the
seasonally corrected body masses to the von Bertalanffy
equation, because it has been used previously to describe
the growth of bears (Kingsley et al. 1988; Derocher and
Stirling 1998; Derocher and Wiig 2002; but see Mahoney
et al. 2001). We used the following growth curve form (von
Bertalanffy 1938; Kingsley et al. 1988):

w(a) = W[l — el TRvla=Au)]3,

where w(a) is the body mass (kg) at age a (years),
W the asymptotic body mass (kg), k the growth rate
constant (year™') and A, a fitting constant (extrapolated
age (years) at zero size). We fitted the growth curves by
using iterative estimation algorithms in the SPSS nonlinear
regression procedure (SPSS 2004).

Age is an important factor in analyses involving body
mass as the response variable. However, it is not straight-
forward to apply age as a covariate in linear models, due to
the strong nonlinear relationship between age and body
mass. To mitigate this problem we suggest an alternative
approach. Basically, we model the effect of age on body
mass at an individual level to enable the generation of
expected body masses at a common age for the whole
population (i.e., age-standardized body masses, see
Appendix 1 in the ‘‘Electronic supplementary material’’).
By correcting body masses to a standard age at an indi-
vidual level, we can omit age in a subsequent analysis
because age is already indirectly implemented into the
analysis, due to the modeling. The advantage is an
improvement in the rigidity of the model because the
nonlinear relationship between age and mass is avoided.

As a first step we used the von Bertalanffy growth
curve to describe the general growth patterns for the
populations (based on one mass per age record per bear).
Then we extracted the residuals (the differences between
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observed and estimated masses) and modeled them in
relation to age. This relationship was then used as a
correction factor in a model describing the scaled body
mass discrepancy (from the von Bertalanffy growth curve)
for individual bears. By using this approach we can
generate individual growth curves based on one mass per
age record per bear (see Fig. 1 and Appendix 1 in the
““Electronic supplementary material’’). Our approach al-
lows the expected body mass to be compared between all
individuals at a common age in a linear model, while
“‘conserving’’ individual differences in body mass.
Notably, the effect of age is not removed from the anal-
ysis as it might at first seem to be; it is implicatively
incorporated as a covariate in our model approach. We
argue that this method is superior to using age and/or age*
and/or age3 directly in a linear model, because a linear,
quadratic or cubic relationship linking age and body
weight is an inferior descriptor for body mass develop-
ment compared to the acknowledged von Bertalanffy
growth pattern we used to model this relationship (before
applying the analysis). We used seven years as the com-
mon age to generate body masses for the analysis. The
von Bertalanffy growth curves are more reliable for young
bears when older age classes are lacking. This applies in
particular to adult males in the south, where the growth
curves apparently do not yield a reliable asymptotic value.
Thus, we considered seven years to be within the range
for reliable modeling.

120

Age when weighed

100 -
8
)
.
60 1

Body mass in kg

4 .
0 Age when weighed
20 A Estimated body mass (the new response variable) at age 7
for the 4 females when we apply the described method
o .

Age in years

Fig. 1 The basic idea behind our approach to incorporate age
indirectly as a covariate in a linear model analysis by standardizing
body masses to seven years of age. The bold curve in the graph shows
the general growth development for females in Scandinavia during
spring as modeled by the von Bertalanffy equation (the same curve as
in Fig. 3). The thin curves exhibit the modeled growth curves that
were used to standardize weights to seven years of age for four
arbitrarily chosen females. Note that the modeling is based on one
body mass measurement per age per individual. This was carried out
using curves that were specific to sex, season, and population
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However, we acknowledge that our approach has
weaknesses. For example, it assumes that all individuals
follow the same growth pattern, but with different indi-
vidual deviations from the mean, which may not be the
case (Zedrosser et al. 2006), and it neglects possible
senescence effects. We are aware that our comparison
could have been solved using a nonlinear mixed effect
model (N. G. Yoccoz, personal communication). However,
we believe that our model is more pedagogical and easier
to follow than a mixed model. Furthermore, our reasonably
large number of observations should diminish the uncer-
tainty in the growth curves, thus leaving the residuals
approximately independent and suitable for our approach
(S. Engen, personal communication). To explore the
credibility of our model, we applied two approaches. First
we tested it by using data from northern bears that had been
weighed at =5 different ages in spring (the only season with
sufficient data). If our model is a good predictor of body
mass development, it should generate individual growth
curves that give similar estimates of mass at age seven,
regardless of the age of weighing. We constructed growth
curves for all individual mass per age records and predicted
body masses at seven years for each of them. Second, we
modeled the corrected body masses using basically the
same model as we used in our main analysis, but incor-
porating age as a factor to explore whether this would yield
results that were similar to those obtained by our modeling
approach.

Akaike’s Information Criterion (AIC) was used to select
the number of variables and interactions to be included in
the final model. This was done by using stepAIC (a func-
tion in the MASS library performing stepwise model
selection) in S-PLUS 6.2 (Insightful Corp. 2003). In this
procedure, a stepwise algorithm performs model selection
by AIC. The set of models compared ranged from the
inclusion of one variable to the inclusion of all second- and
third-order interactions. The stepwise search was per-
formed both ways, which is regarded as being more robust
and applicable than regular one-step approximations. We
finally calculated the likelihood of the models in order to
quantify the plausibility of each model and then used this
information to determine the Akaike weight for each model
(Burnham and Anderson 2002). This is the weight of evi-
dence in favor of each model, given that one of the tested
models must be the best model.

Results
Comparisons based on the global linear model

To test the credibility of our modeling approach, we
obtained repeated measurements from 11 males and 22
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females that each had their body masses recorded at >5
different ages in spring. The model predicted mass of
bears at age 7 relatively consistently, even when masses
were estimated based on the growth curves starting at
different ages; males showed a greater interindividual
body mass variation in the population than did females
(Fig. 2). The standard deviation of the predicted masses
at age seven years for individual males averaged 21.1 kg
(max = 23.0 kg, min = 9.9 kg), whereas females showed
less variability and had a mean standard deviation of
10.3 kg (max = 17.4 kg, min = 3.6 kg). This suggests
that individual body masses for European brown bears
can be described reasonably well with our modeling
approach (i.e., the von Bertalanffy equation is a capable
descriptor of general brown bear body mass develop-
ment, and individuals follow this curve but show a
relatively consistent deviation from it through life).
We conclude that these results support our approach and
suggest that using age-standardized body masses gener-
ated by our model will produce reasonably reliable
results.

In total, we obtained body masses from 1,771 brown bears,
330 from the south and 1,441 from the north. The best fit
(stepAIC) model for corrected weights evaluated at seven
years included the following variables and interactions:

Fig. 2 Individual variability of

sex + season + population + sex:season + season:population
(Table 2). The models that also added the interaction
sex:population and did not include sex:season were ranked
with AAIC values <2 and were thus not considered to be
significantly different in explaining variation in body mass
(Burnham and Anderson 2002) (models not shown). The
best-fitting global model showed that bears in the north and
south did not differ in body mass when corrected for the
other factors (Table 3). We also modeled body mass of the
bears by using age and age” as a factor in addition to the
same main factors as we incorporated in the previous model
where age was omitted. This analysis gave the same main
results as the model omitting age (Table 3), thus supporting
our results based on the model that included age indirectly.

Although there was no difference in body mass between
the north and south, when corrected for other factors, the
model without age indicated, as expected, that body mass
was larger among males (Table 3; sex, Fig. 3) and greater
in autumn than in spring (Table 3; season, Fig. 3). There
was a larger change in body mass between spring and
autumn among females than males (Table 3; sex:season,
Fig. 3), and bears in the north changed more in body mass
between seasons than those in the south, where
males showed no increase in body mass (Table 3;
season:population, Fig. 3). Apparently, northern bears had

Males in north Females in north

expected body masses at

seven years of age for 33
northern bears, where we were
able to model at least five or
more growth curves (per bear)
based on spring body masses
recorded at different ages. Mean
expected body masses are
shown with 95% confidence
intervals
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Table 2 Models entered into the stepwise procedure to find the best factors explaining variation in body mass of European brown bears, based

on the Akaike information criterion (AIC)

Model description AAIC I(gilx) w;

Sex + season + population + sex:season + season:population 0.00 1.000 0.416
Sex + season + population + sex:season + season:population + sex:population 0.37 0.831 0.346
Sex + season + population + season:population 1.17 0.557 0.232
Sex + season + sex:season 9.42 0.009 0.003
Sex + season + population + sex:season 11.41 0.003 0.001

The likelihood (I(g;lx)) for each model and its corresponding Akaike weight (w;) is displayed to the right in the table
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Table 3 Comparison of the significance of variables examined to explain the variation in body mass of brown bears in two populations in
Europe (southern in the Dinara Mountains and northern in Scandinavia), based on two linear models

Model description Variables t value Standard Estimated Probability

error difference (kg)

(1) Linear model based on data from our Intercept 118.3501 5.4x107° 0.000
modeling approach, encorporating age Population 0.4104 4.6x107 9 0.682
as a factor indirectly in the model Sex 42.9479 45%10° 93 0.000

Season 17.7477 5.4x107° 29 0.000
Sex:season 13.7053 4.6x107° 0.000
Season:population 8.2424 4.6x107 0.000
(2) Linear model based on the basic Intercept 29.2148 1.7074 0.000
data using age as a factor Population 1.0293 1.0579 13 0.303
Sex 30.4510 0.8196 50 0.000
Season 38.4195 0.8300 65 0.000
Age 40.2768 0.4951 0.000
Age? 25.7698 0.0259 0.000

The models are: (1) the best model (see Table 2) based on body masses estimated for a common age in both populations and generated by our
modeling approach eliminating age as a factor, and (2) the ‘‘control’”” model based on body masses corresponding to specific ages in both

populations

greater body mass during autumn than southern bears, but
lower body mass in the spring.

Asymptotic (adult) body masses

The von Bertalanffy growth curves were based on fewer
bears in the older age classes in the south, particularly for
males. The growth curve for males in south is therefore
rather uncertain, especially in the autumn. We tested for
differences among asymptotic corrected body masses (i.e.,
adult body mass) by sex, season, and population (Fig. 3,
Table 4) using z tests to help illustrate the patterns identi-
fied in the analysis.

The age at which 90% of asymptotic body mass was
reached was chosen to compare the age at which adult size
was attained between the two populations. For females in
spring, it was six years in both the south and the north. In
autumn it was five and six years, respectively. The age at
which 90% of male asymptotic body mass was reached in
spring was twelve years in the south and nine years in the
north and in autumn it was eleven and seven years,
respectively. However, the growth curves produced for
southern males were relatively inaccurate, as we only had
data from seven males >10 years old in the south, com-
pared with 68 in the north.

The difference in spring and autumn asymptotic body
mass for southern females was 25 kg (z = 2.02, P = 0.022,
Table 4), which was a 22% increase from spring to autumn
and a 18% loss from autumn to spring. Southern males
did not show a significant difference between seasons
(z=0.16, P = 0.44); the asymptotic body mass for males
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was actually lower in autumn than in spring (Table 4).
However, as mentioned earlier, this estimate was poor for
southern males.

In the north, the asymptotic body mass for females
differed by 62 kg between spring and autumn (z = 15.72,
P < 0.001, Table 4). This represented a 65% increase from
spring to autumn and a 39% decline from autumn to spring.
In northern males, the difference was 71 kg (z = 10.11,
P = 0.000), or a 35% increase from spring to autumn and a
26% decline from autumn to spring.

Trends in body mass within seasons

As stated in the ‘‘Methods’’ section, we derived cubic
regressions to correct for spring and autumn body masses
for bears in each population (Table 5). Surprisingly, we
found different trends. As expected, the bears in the north
showed increasing body mass within the season for both
sexes and both seasons (Table 5). In the south, however,
bears of both sexes exhibited a loss of body mass in spring,
but an expected gain in autumn (Table 5).

Discussion

Hypotheses predicting geographical variation
in body mass

The z tests and both of the global linear models revealed
no statistically significant difference in body mass be-
tween the two populations, when corrected for the other
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Table 4 Asymptotic body mass and growth constants (K) of brown
bears from southern Europe (Dinara Mountains) and northern Europe
(Scandinavia)

Population Sex Season  Asymptotic K + SE N

body mass
(kg, mean + SE)

South Female Spring 115 + 8.6 0.315 £ 0.131 67
Autumn 141 £9.2 0.395 £ 0.092 69

Male  Spring 248 = 24.9 0.223 £ 0.051 111

Autumn 243 +23.9 0.232 £ 0.055 83

North Female Spring 96 £ 1.5 0.492 + 0.031 446
Autumn 158 + 3.7 0.417 £ 0.057 281

Male  Spring 201 = 3.6 0.354 = 0.017 413

Autumn 273 + 6.0 0.335 + 0.032 301

factors in the models. Thus, our results did not support the
hypotheses that predicted larger bears in the north
(Bergmann’s rule, the fasting endurance hypothesis, and

T T T T
2 4 6 81012141618202224

T T T T
2 4 6 81012141618202224

Age in years

the dietary meat hypothesis), nor those that predicted that
bears should be larger in the south (hypotheses stressing
the role of high primary productivity, high population
density, low seasonality, and length of the growing sea-
son). The similarity of body masses between our southern
and northern European study areas contrasts with the
twofold variation in body masses of adult male and fe-
male brown bears in North America (Hilderbrand et al.
1999a). Nevertheless, a cluster analysis of combined au-
tumn and spring adult female body masses, density and
climate parameters of 24 North American brown bear
populations showed that the twelve interior populations,
spanning from about 65°N to about 44°N, formed one
group (Ferguson and McLoughlin 2000). Our samples
ranged over a similar range of latitudes, from 69°N to
44°N. The largest North American brown bears occur in
the populations that feed on abundant spawning salmon
(Oncorhynchus spp.) (Hilderbrand et al. 1999a), which
does not occur in Europe.
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Table 5 Trends in body mass development (in kg) within the spring and autumn seasons for brown bears in southern Europe (Dinara Mountains)

and northern Europe (Scandinavia)

Population Sex and season Cubic regression Trend F p

Southern Males in spring 114.4 + 26.9X — 10.7X> + 1.1x° Decreasing 0.675 0.569
Southern Males in autumn -482.2 + 111.1X - 5.0X° Increasing 2.455 0.092
Southern Females in spring 86.7 — 10.5X + 6.1X> — 0.8X° Decreasing 15.705 0.000
Southern Females in autumn -351.8 + 62.7X — 0.2x° Increasing 3.437 0.038
Northern Males in spring 223.6 — 44.4X + 0.2X* + 0.6X° Increasing 2.244 0.083
Northern Males in autumn 1616.0 — 258.4X + 1.2X° Increasing 8.267 0.000
Northern Females in spring 100.3 — 13.7X + 0.2X° Increasing 4.237 0.015
Northern Females in autumn 75.1 - 2.3X + 0.1x° Increasing 5.296 0.006

We used cubic regressions to correct spring and autumn body masses. Note that the quadratic or cubic parameter evaluated to zero for some of

the cubic regressions. X represents the number of the month

Seasonal changes in body mass

In spite of the overall lack of difference in body mass
between populations, the analyses revealed some important
patterns. Although body mass was greater in autumn than
spring in the global linear models, bears in the north had a
greater change in body mass between seasons. Based on the
analysis of asymptotic body masses, northern females
gained more mass (62 kg) than southern females (25 kg)
from spring to autumn. Correspondingly, adult northern
females lost more mass from autumn to spring compared to
southern females. The greater seasonal changes in body
mass in the north compared to the south are not surprising
considering that northern bears hibernate longer than
southern bears. Northern bears hibernate for 5.3—
6.5 months, depending on sex and reproductive category,
in central Scandinavia and 6.9-7.5 months in northern
Scandinavia (Manchi and Swenson 2005). In the south,
however, the mean denning time is 2.9 months, and tracks
and fresh scats are observed in all winter months, sug-
gesting that many bears do not hibernate for the entire
winter and that some may not hibernate at all (Huber and
Roth 1997). Nondenning brown bears have also been re-
ported from Italy (Roth et al. 1992) and Spain (Naves and
Palomero 1993).

Differing trends in body mass within the spring season

Population differences were observed in body mass change
during the spring season. Although the regressions with the
best fit were often cubic, the trends were for increases for
both sexes in the north and decreases in the south. Noyce
and Garshelis (1998) challenged the existence in bears of
the spring ‘‘negative foraging period’’ with declining body
mass, but both increases and decreases in body mass have
been reported for brown and North American black bears
(U. americanus) in North America (Noyce and Garshelis
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1998; Rode et al. 2001; Schwartz et al. 2003). The decline
in mass during spring in the south occurs despite the
unnatural situation of feeding of brown bears by humans in
both countries. In Slovenia, the law requires one bear-
feeding site per 6,000 ha in the brown bear core area
(Simoni¢ 1994), but bears also make intensive use of
ungulate feeding sites stocked with corn (GroBe et al.
2003). Bears are not fed by humans in Sweden or Norway.
An important difference between populations may be the
availability of high-protein foods, because spring mass gain
by brown bears is 64% lean body mass (Hilderbrand et al.
1999b). In the south, corn is available year-round (ca.
580 g/halyear), but the availability of provided meat de-
clines rapidly from late winter to summer (Grofle et al.
2003). In the north, ants are 100 times more available than
in the south (GroBe et al. 2003), moose is an important food
in spring (Dahle et al. 1998; Opseth 1998; Persson et al.
2001), and consumption of meat and insects in spring is far
higher than in the south (Table 1). Although brown bears
can gain mass in spring on a protein-rich forb diet (Rode
et al 2001), protein digestion is higher for meat than plant
diets (Pritchard and Robbins 1990). We suggest that the
greater availability and use of protein-rich meat and insects
in the north promotes greater mass gain in spring.

Implications for population dynamics of European
bears

The global linear models showed no significant difference
in body mass between the northern and southern popula-
tions, but that northern bears had more mass in autumn
(which includes more fat for the longer hibernation period).
An examination of Fig. 1 in Kojola and Laitala (2001)
revealed that adult female body mass in autumn in Finland
is similar to Scandinavia. However, female brown bears
may be larger in the Carpathian Mountains. Hell (1992)
reported a mean mass of 140-160 kg and a maximum of
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209 kg for adult females in Slovakia, most of which had
been killed in the spring. In contrast with this, the adult
male mass, primarily from spring males, appears to be
lower in Slovakia than in our areas, with a mean of
170-190 kg and maximum of 328 kg. The lower masses
for males and higher masses for females could be the result
of a Slovakian policy to avoid shooting the largest bears in
order to save older males (Salvatori et al. 2002), which
might have resulted in biased sampling. Greater masses
have also been reported from the Romanian Carpathians,
with average masses of 214 kg for females and 268 kg for
males, but no further information on age or time of kill was
provided, or data on whether these were especially large
bears shot as trophies (Almasan and Vasiliu 1967). Thus,
we do not know if brown bears actually are larger in the
Carpathians than elsewhere in Europe.

Several authors have shown that there are high correla-
tions between female body mass and indicators of repro-
ductive success when comparing populations (Stringham
1990a, 1990b; Hilderbrand et al. 1999a). Thus, the similar
body masses in northern and southern brown bear popula-
tions in Europe suggest that they may have similar repro-
ductive rates. The number of young that female brown bears
in Scandinavia produce, ignoring mortality, has been esti-
mated to be between 70% (northern Sweden) and 80%
(southern Sweden) of the maximum rate to be expected
from a brown bear population (Swenson and Sandegren
2000). Thus, the bears in southern Europe cannot reproduce
at a much greater rate than those in the north. Litter sizes are
similar in the north, 2.3 and 2.4 in northern and southern
Scandinavia, respectively (Swenson et al. 2001) and the
south, 2.4 in Croatia (Frkovic¢ et al. 2001). However, there
are some indications of a somewhat higher reproductive rate
in southern populations. The earliest recorded ages at first
birth have been five years in northernmost Scandinavia,
four years in central Scandinavia, and three years in Croatia
and Austria (Sether et al. 1998; Frkovi¢ et al. 2001; Zed-
rosser et al. 2004). The interbirth interval shows this trend
as well, with 43% of the yearlings separating from their
mothers in northern Scandinavia (the rest as two-year-olds),
89% in central Scandinavia, and virtually 100% in Croatia
(Swenson et al. 2001; Frkovi¢ et al. 2001). Similar trends
have been reported for brown bears in North America
(Ferguson and McLoughlin 2000).
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