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Abstract

Background Parental care is exclusively provided by females in most mammals, and mothers use several spatiotem-
poral behavioral tactics to minimize risks to offspring and to enhance fitness of both the mother and offspring. In spe-
cies with infanticide and varying maternal care duration, dependent offspring remain vulnerable to male infanticide
until separation from the mother. However, extending maternal care likely results in parent—offspring conflicts. We
investigated the spatiotemporal behavioral tactics of lone female brown bears and mothers accompanied by off-
spring of varying ages in relation to infanticide risk and offspring separation during the mating season.

Methods We used data from 144 individuals (92 females and 52 males, 2003-2022) to characterize female spatiotem-
poral behavioral responses to males during the mating season by contrasting home range and encounter area sizes,
proximity to males, and dyadic associations in relation to female reproductive status. We investigated the spatiotem-
poral behavioral responses of mothers from a socio-spatial perspective by connecting large-scale movement behav-
ior (home range and overlap) and small-scale social behavior (proximity and associations) of adult females and males.

Results We found that females with dependent offspring of any age avoided males during the mating season. In
comparison, lone females or mothers that lost or separated from their offspring during the mating season used larger
areas and moved in closer proximity to males. The home range of mothers that remained with their offspring still
largely overlapped with male home ranges, however, they did not associate (< 100 m) with males. Additionally, moth-
ers with yearlings had similar sized home ranges as solitary females, but larger home ranges in comparison to moth-
ers with cubs-of-the-year. This suggests that mothers with yearlings are more conspicuous on the landscape which
may result in a higher detectability by males.

Conclusion Our results suggest that mothers with offspring of any age perceive adult males as potential source

of infanticide and use spatiotemporal avoidance tactics. Generally, family groups had high home range overlap

with adult males, but family groups that remained together throughout the mating season did not associate with any
adult male. Mothers with yearlings used larger areas in comparison to mothers with cubs, potentially indicating their

increasing energetic needs. The use of spatiotemporal behavioral tactics to avoid infanticide by females with depend-
ent offspring irrespective of age likely disrupts movement, mating, and social dynamics and on the long-term poten-
tially increases the risk of infanticide to older offspring.
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Background

Mating systems include various spatiotemporal behav-
joral tactics to increase mating opportunities and
reproductive success [1, 2]. Tactics can vary inter- and
intra-individually within and between years [3] due to
an individual’s sex, age, or body/weaponry size [4]. In
addition, the spatiotemporal distribution of resources
at the population level, such as food, mates [5] and the
operational sex ratio [6], can influence the choice of mat-
ing tactics. In the long-term, anthropogenic (e.g., hunt-
ing), environmental (e.g., climate), and social selection
of behavioral tactics can influence population level pro-
cesses and may reduce the mean fitness in a population
[7, 8]. For example, the selective removal of males can
lead to skewed age structures resulting in lower fecun-
dity, delayed parturition date, and reduced recruitment
due to female hesitation to mate with young males or
insufficient number of males [9].

In mammals, parental care is always provided by
females [10, 11] with biparental care only found in few
species [12]. Female maternal care tactics include behav-
iors that reduce predation risks to offspring [13, 14],
thereby enhancing future fitness of both mother and oft-
spring [15, 16]. Maternal care duration (defined as time
from birth to separation) is influenced by factors such as
duration of lactation and weaning period, because some
species have an extended weaning period after the ces-
sation of lactation [10, 15, 17]. Across mammal species,
there is large variation in the duration of maternal care,
across and within populations, spanning from days up to
multiple years [18, 19]. Extending maternal care allows
females to allocate more resources to the fitness of cur-
rent offspring at the expense of future reproduction [20,
21]. Thus, longer maternal care could result in parent—
offspring conflicts [22, 23] due to increasing nutritional
demand and/or competition with the growing offspring
for food resources and cause mothers to adapt through
changes in behaviors such as space use (e.g., pre- and
postpartum daily movement or home range sizes; [24,
25]).

Premature loss of offspring for any reason releases
the female from maternal care and results in changes in
spatiotemporal behavioral tactics, e.g., from avoiding to
associating with conspecifics [26]. Infanticide is a com-
mon cause for the loss of dependent offspring [27, 28],
and males may kill offspring that they have not sired to
gain reproductive access to the mother, ie., sexually
selected infanticide (SSL; [29]). This male mating tactic
capitalizes on the ability of females to rapidly enter estrus
after offspring loss [30, 31]. For example, abrupt termi-
nation of maternal care due to SSI triggers the initia-
tion of the next reproduction in Felid spp. or Ursid spp.
within days or weeks [18, 31, 32]. Females have developed
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counterstrategies against SSI, such as mating with domi-
nant males, defending offspring, or mating with multiple
males creating paternity confusion [29, 33, 34]. Females
with dependent offspring might also spatiotemporally
avoid males during the mating season [14, 35, 36]. In spe-
cies with several years of maternal care, SSI can involve
dependent offspring of any age, as long as the offspring
receives care [37, 38]. However, as offspring mature,
females might alter their spatiotemporal behavioral tac-
tics countering SSI risk as older offspring may be able to
evade SSI and/or survive on their own in case of separa-
tion after an infanticidal attack.

In brown bears (Ursus arctos), SSI is a common male
mating strategy [39—41]. In hunted populations, the
occurrence of SSI is higher due to disrupted social struc-
tures, with more incoming males in response to local
vacancies [41, 42]. SSI events occur during the mating
season [31, 43], which lasts from May until July and coin-
cided with the most frequent male—female associations
[44]. Females with cubs-of-the-year (0.5 years old; hereaf-
ter cubs) adjust their spatiotemporal behavioral tactics by
spatially segregating from males during the mating sea-
son (male avoidance hypothesis; [45, 46]). Maternal care
duration in brown bears lasts 1.5-2.5 years in Europe
[47], up to 3.5 years in North-America [48, 49], and even
4.5 years in Middle-Eastern/Asian populations [50]. The
survival of dependent offspring varies among age classes
[50, 51]. SSI is the dominant cause of death for cubs [39,
41], but may also occur in older offspring [52]. Therefore,
SSI risk might be one of the drivers of female spatiotem-
poral behavior when accompanied by offspring. Besides
SSI, family breakup usually occurs during the early stages
of the mating season [45]. Thus, investigations during
the mating season are essential for understanding female
spatiotemporal behavioral tactics in relation to age, and
events such as loss of offspring and the breakup of family
groups.

Previous studies on Scandinavian brown bears showed
that females with cubs increased their movement speed
after family separation [31] and that females with cubs
and yearlings spatially segregate as they utilize different
habitats compared to adult males [53], [54]. Here, we
build on these previous studies and investigate if females
with dependent offspring of any age avoid adult males
by focusing on both movement and social behavior (i.e.,
socio-spatial interface; [55]). We use GPS data of brown
bears to compare spatiotemporal behavioral tactics (here-
after; behavioral tactics) of females accompanied by year-
lings (1.5 years) to tactics by solitary females and females
with cubs during the mating season. We investigate the
occurrence and timing of female-male dyadic associa-
tions, contrast home range size and proportion of female-
male home range overlap, and the proximity of females
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to males in relation to a females’ reproductive status.
The combination of these methods allows the compari-
son of female behavioral tactics at different socio-spatial
scales, ranging from large scale movement patterns (i.e.,
home range and overlap) to small scale social patterns
(i.e., proximity and associations). Solitary females aim to
maximize their mating opportunities by increasing their
home range size during the mating season [56]. In com-
parison, females with cubs spatiotemporally avoid males
during the mating season [46], but rapidly switch their
behavior after loss of their cubs during the mating season
to maximize their reproductive opportunities [31]. How-
ever, the behavioral tactics of females with older depend-
ent offspring remain largely unknown [54]. Female
brown bears with yearlings exhibit two maternal care
tactics in the study population [57]. They either separate
(1.5 years; short-term strategy) or keep the yearlings for
an additional year (2.5 years; long-term strategy). When
a female retains her yearlings, they likely remain vulner-
able to SSI [52] which should be reflected in the females’
spatiotemporal behavior towards males. Therefore, we
predict that (1) the behavior of females retaining their
yearlings is similar to the that of females with cubs (male
avoidance hypothesis), and (2) the behavior of females
separating from their yearlings due to SSI or family
break up is similar to that of solitary females (maximized

M~

Page 3 of 11

mating hypothesis). Females following the “male avoid-
ance hypothesis” should exhibit limited associations with
males, have smaller home ranges and lower overlap with
males, and remain far from males during the mating sea-
son. In comparison, females following the “maximized
mating hypothesis” should exhibit frequent associations
with males, have larger home ranges and higher overlap
with males, and remain closer to males during the mating
season (Fig. 1 & Appendix S6: Fig. S6).

Methods

Study system

The study area covers~13,000 km? of managed conif-
erous forests, bogs, and lakes in south-central Sweden
(~61°N, 15°E; [58]). The bear density in the area is ~23
individuals per 1000 km? [59]. Swedish brown bears are
legally hunted from 21 August to 15 October or until
quotas are filled, and~10% of the total population are
harvested annually [59]. Hunting has profound effects on
the movement behavior, social structure, and mating sys-
tem of our study population [42, 60, 61].

Brown bears are non-territorial and solitary-living
carnivores with a polygamous mating system [62], and
the mating season lasts from May 15 to July 21 in Swe-
den [44]. Social associations between solitary individuals
are mainly driven by reproduction and peak during the

Available

Female

m R

Yearling

gr Mating
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Fig. 1 Flowchart of all possible combinations of a female brown bear’s reproductive status and the occurrence of a separation event (offspring loss,
sexually selected infanticide or family break-up), and the respective predictions per classification. Sample sizes per group were: 22 cub family, 20
cub loss, 37 yearling family, 39 yearling separation, and 151 available females. A plus (+) symbolizes a behavioral tactic where a female has a larger
home-range and encounter area, associates with males, and remains near males during the mating season. A minus (—) refers to a behavioral tactic
where females avoid males, have a smaller home-range and encounter area, and remain distant from males during the mating season
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mating season, though associations also occur during the
remainder of the active period [44]. Maternal care lasts
either 1.5 or 2.5 years in Sweden [47], likely depending
on maternal-offspring condition, litter size and anthropo-
genic factors [57].

Brown bear captures and monitoring

Individuals were captured annually as part of a long-term
monitoring project after den emergence in spring (i.e.,
late April, early May). Bears were darted from the heli-
copter and equipped with GPS-collars (GPS Plus; Vec-
tronic Aerospace) programmed to relocate the individual
every hour. See Graesli et al. [63] for more details on cap-
ture and handling. All aspects of animal capture and han-
dling were approved under ethical permits provided by
the Uppsala Ethical Committee on Animal Experiments
(Dnr 5.8.18-03376/2020). The capture permit was pro-
vided by the Swedish Environmental Protection Agency
(NV-01278-22).

Female reproductive status and offspring separation

We selected females >4 years, as the majority of primi-
parity occurs at age 4 or older [62, 64]. However, males
can reproduce as early as 3 years old in Scandinavia. Age
(e.g., year of birth) was known for most bears because
they were captured as part of a family group. For bears
not followed from birth, a premolar tooth was extracted
for age determination [65]. Female reproductive status
was determined at capture or via visual observations
several times per year via helicopter [57]. We classified
female reproductive status during a mating season as:
available, when the female was solitary and observed
without dependent offspring after den emergence; with
cubs, when the female was observed with dependent
cubs-of-the-year after den emergence; or with yearlings
if the individual was observed with dependent one-year
old offspring after den emergence. Females accompanied
by two-year-old offspring were also classified as avail-
able as they separate shortly after leaving the den. Fre-
quent monitoring from a helicopter allowed us to detect
if and when a female became available, however, we were
not able to determine whether this change in status was
caused by offspring loss (via SSI or starvation) or family
break-up. We combined a female’s reproductive status
and the occurrence of a family separation event to pro-
duce the following female classifications; available, cub
family, cub loss, yearling family, and yearling separation
(Fig. 1). We differentiated between “cub loss” and “year-
ling separation” as cubs in comparison to older offspring
would not be able to survive if separated from their
mother during the mating season.
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Home range

We calculated individual home ranges for adult
females (n=92;>4 years; 269 bear-years) and males
(n=43;>3 years; 102 bear-years) with data available
for the mating season. Further, we verified that all vari-
ograms reached a plateau to obtain robust estimates and
range residency (Appendix S1: Fig. S1; [66]). Then, we
calculated 95% kernel density estimates (KDE) for all
males and 229 female bear-years with the ctmm package
[67], as we were interested in the area used during the
mating season and not the individuals’ future or poten-
tial range [68]. We used one-way ANOVA to evaluate
differences in average home range size estimates among
female groups [69]. We log-transformed home range
sizes to obtain normality and checked for homogeneity
of variance using Levene’s Test [69]. We applied Tukey’s
“Honest Significant Differences” method (HSD; 95% con-
fidence level) to significant ANOVA results (p<0.05) to
investigate the pair-wise comparisons of means among
the female classifications. This method takes into account
errors related to multiple comparison among groups [70].
We used R 4.4.1 [71] for all analyses.

Encounter area overlap

Based on the KDE estimates, we calculated the condi-
tional location distribution of encounters (CDE; here-
after encounter areas) between females and males with
home range estimates [72]. An encounter area describes
the home range overlap distribution of two individuals
accounting for their movement behavior. We then used
the “overlap” function in the ctmm package to determine
the proportion of each individual’s home range area that
fell within the encounter area. We removed all estimates
between individuals that did not share an encounter
area or the area was too small to be informative (esti-
mate <1 km? 170 female bear-years). Overlap estimates
were analyzed with a Kruskal-Wallis (KW) test to assess
significant differences between the proportional overlap
estimates of the female classifications [73]. We applied a
Pairwise Wilcoxon Rank Sum test using a “holm” multi-
ple comparison correction [74] on significant (p <0.05)
KW test results to investigate the pair-wise comparisons
of overlap estimates among female classifications.

Proximity to males

To determine proximity events between females and
males, we calculated all pairwise distances between
females and males utilizing hourly GPS relocations dur-
ing the mating season (2003-2022) with the spatsoc
package [75]. The females included in the proximity anal-
ysis overlapped with at least one male (within 100% Mini-
mum Convex Polygon (MCP),186 female bear-years). We
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used a threshold of 5000 m, as this is the average daily
total distance travelled by a female [76] at a mean move-
ment rate of 382 m per hour [44]. The distance was only
estimated if both the female and male had a GPS-fix at
the same hour interval (tolerance of + 3 min).

We fit a Hierarchical Generalized Additive Mixed
Model (HGAM,; [77]) using the mgcv package [78] with a
Tweedie distribution (log-link) and Restricted Maximum
Likelihood (REML) variance estimator [79] to the hourly
distance between females and males and used female
classifications as a predictor. We expected the effect of
day of the year (doy) to vary among female classifica-
tions (e.g., different predictions in terms of distance to
males), therefore we added a factor-smoother interaction
between the doy and the five female classifications [80].
Additionally, female classification was added as a random
effect, because group-specific intercepts are not incorpo-
rated into factor-smoothers [77]. In addition, we added
the random effects ‘bear-year’ (unique female identity)
to consider individual differences, and ‘encounter ID’ to
control for pseudo-replication of hourly distances for the
same dyad during the ongoing mating season. We used
the DHARMa [81] and mgcViz [82] packages to check the
HGAM model fit.

Individual associations and timing

Similar to the proximity events (186 female bear-years),
we calculated all pairwise distances between individual
hourly GPS relocations to determine dyadic associa-
tions. We defined a dyadic association as two or more
individuals within a Euclidean distance<100 m of each
other with a 3-min tolerance to avoid underestimation of
the number of associations due to the relatively coarse fix
rate. Additionally, a sensitivity analyses by Heeres et al.
[44] suggests that 100 m is an adequate dyadic distance
threshold to capture representative social structures and
networks in this population. The data were used to inves-
tigate the occurrence and timing of female-male associa-
tions during the mating season and differences among
female classifications.

Results

Home range

We observed significant differences in home range size
of females (229 bear-years) during the mating season
based on their classification (ANOVA, p<0.001, Fig. 2a
& Appendix S2: Table S2.1). “Available” females (mean:
169 + 87 km?) had significantly larger home ranges com-
pared to “cub family” (92 + 54 km? Tukey HSD: #=0.53,
»<0.001; Appendix S2: Table S2.2). Moreover, “cub fam-
ily” had significantly smaller home ranges compared to
“yearling family” (151+72 km? B=1.69, p=0.005) and
“yearling separation” (205+70 km?% B=2.41, p<0.001).
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“Cub loss” (126+61 km?% S=1.68, p=0.003) and “year-
ling family” (8=1.41, p=0.047) had smaller home ranges
than “yearling separation” Lastly, “available” females
had similar sized home ranges as females with yearlings
(p=0.865).

Encounter area and overlap

The overlap analysis (Fig. 2b & Appendix S3: Table S3.1)
indicated significant differences among female classifica-
tions (Kruskal-Wallis: p=0.016; 170 bear-years, n=_822).
However, we found no significant differences in overlap
with males between the female classifications (Pairwise
Wilcoxon Rank Sum test with Holm correction; p>0.16
for all group comparisons; Appendix S4: Table S3.2). We
also found no significant differences between encounter
area size during the mating season among the differ-
ent female classifications (ANOVA: p=0.173; n=2822,
Appendix S3: Fig. S3).

Proximity females-males

We found different patterns in the hourly female-male
distances (1=32,245; N=142 bear-years) based on a
female’s reproductive status, day of the year, and the
occurrence of an offspring separation event (Appen-
dix S4: Table S4.1 & S4.2). We found the following pat-
terns: (1) “available” females begin close to but gradually
increase their distance to males during the mating sea-
son; (2) females that lose or separate from offspring
begin far from males, move closer to males after the first
weeks of the mating season, and then gradually increase
their distance to males towards the end of the mating
season; (3) females accompanied by offspring of any age
remain far from males during the entire mating season
(Fig. 3 & Appendix S4: Table S4.1). We also found that
the daily travel distance differed considerable depend-
ing on the female’s classification (Appendix S7: Fig. S7,
Table S7.1 & Table S7.2). Females that lost or separated
from their dependent offspring, both females with year-
lings and two-year-olds, almost doubled their daily travel
distance compared to females that remained with their
offspring.

Timing of dyadic associations

We identified 8223 dyadic associations (#=103 bear-
years) between females and males (Appendix S5:
Table S5.1). We found that females in family groups
had almost no associations with males during the mat-
ing season (Fig. 4); i.e,, no associations between males
and females with cubs, and only sporadic associations
(mean=9/female, n=65; Appendix S5: Table S5.1) for
females with yearlings which predominantly occurred
during the last five days of the mating season. In com-
parison, females that either lost or successfully separated
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Fig. 2 a Violin plot of the 95% kernel density estimates (KDE) estimates (km?) for female brown bears (229 bear-years with GPS locations) and b
Violin plot of overlap estimates (individual overlap of 95% KDE and CDE) between females and males in km? for females (170 bear-years; n=822).
We separated the estimates per female classification (incl. reproductive status and occurrence of separation event). All data were collected

during the mating season in south-central Sweden between 2003 and 2022

from their offspring had 795-1600 associations (mean
loss =61/female; mean separation = 100/female)
with males during the mating season. Lastly, “avail-
able” females had 5467 associations in total (mean =84/
female). The timing of female-male associations during
the mating period was different among the female clas-
sifications (Fig. 4; Appendix S5: Table S5.1; Appendix S8:
Fig. S8). Females with cubs or yearlings that experienced
family separation or loss associated with males later dur-
ing the mating season compared to available females.

Discussion

Our objective was to characterize spatiotemporal behav-
ioral tactics of females accompanied by offspring of
varying age in relation to males during the mating sea-
son. We build on previous work contrasting habitat use
of females with offspring and males [53, 54] and changes
in female movement behavior after the loss of cubs [31],

and investigated the behavioral tactics of females during
the mating season. We connected both large-scale move-
ment- and small-scale social behavior and found two dis-
tinct female tactics, i.e., (1) mothers in family groups had
infrequent or no associations with males, smaller home
ranges, and stayed farther away from males; in com-
parison, (2) lone females had multiple associations with
males, larger home ranges, and were generally closer to
males during the mating season. Upon losing offspring
(e.g., either due to loss or separation), both females with
cubs and females with yearlings switched from the first
to the second tactic during the mating season. These
females likely switch their behavioral tactic to maximize
mating opportunities by having larger home ranges and
associating with males, similar to “available” females
(support prediction 2). Females retaining dependent off-
spring, irrespective of age, avoid males both spatially and
temporally during the mating season (support prediction
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Fig. 3 Hourly distances from female brown bears to males (n=32,245; 142 bear-years) during the mating season (distance threshold=5000 m)

in relation to the day of the year, reproductive status and occurrence of separation [i.e, offspring loss/sexually selected infanticide (SSI) or family
break-up]. The data was collected in south-central Sweden between 2003 and 2022. The x-axis encompasses the entire mating season (Julian date
135-202; May 15-July 21). The shaded area around the lines correspond to the 95% confidence intervals per female classification

1). However, the home range overlap estimates between
females and males were high for all female classes, also
for the ones with dependent offspring.

The probability that females retain their yearlings for
an additional year has increased significantly in our study
area over time [57]. In Sweden, family groups are pro-
tected from hunting [83], which likely promotes the long-
term maternal care tactic (2.5 years) through increased
protective status of females and their offspring during
the hunt for an additional year [57]. This has resulted in
a higher proportion of family groups with yearlings [84].
Therefore, males might have limited mating options and
may opt to force separation or even kill yearlings [43, 52].
For males, females with offspring likely represent a more
costly mating opportunity in terms of energy used to try
to kill the offspring and/or to cope with female aggres-
sion [29]. Therefore, such females may potentially be
avoided or ignored until all other available females have
been mated [30, 36, 45]. We observed a delay in timing
of associations with males between “available” females,
females that separated from yearlings, and females that
lost cubs. Additionally, females with dependent offspring
often had high spatial overlap with males, suggesting that
these females are either ignored or not detected by males.
These females might be ignored when moving in the

home range of a male they had mated with the previous
year (paternal confusion; [29]). However, as SSI is a com-
mon male mating strategy [39], any male that had not
mated with the female the previous year should approach
her when she is accompanied by offspring and either
attempt to kill the offspring or force a family breakup.

In ungulates, antipredator tactics shape the move-
ment patterns and therefore the resource exploita-
tion of females during maternal care [85]. In addition, a
females’ home range generally increases with increasing
offspring age, in addition to moving towards higher qual-
ity habitat to facilitate increasing nutritional demands
[24]. Our study shows that the avoidance of a predator
(i.e., here male bears) by female brown bears with cubs
is also apparent in females with yearlings. Spatiotempo-
ral segregation is a known tactic of female brown bears
with dependent offspring during the mating season [46,
54]. In addition, females often use areas that are gener-
ally avoided by males during the mating season (“human
shield” hypothesis; [53]). However, the spatiotempo-
ral segregation likely forces family groups into poorer
resource areas [46, 86, 87]. The home range sizes were
larger for females with yearlings in comparison to those
with cubs. This increase in space use could potentially
indicate a parent—offspring conflict which urges females,
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Fig. 4 Frequency of female-male brown bear associations per day of the year (day 100 corresponds to April 10) per female classification (incl.
reproductive status and occurrence of family separation or loss event). The data were collected during the mating season in south-central Sweden
between 2003 and 2022. The maximum number of daily associations for the “available’, “yearling separation’, “yearling family’, and “cub loss" groups
are 259,96, 19 and 61 respectively. The mating season lasts from day 135 to day 202 (shaded area and green vertical dotted lines). The median date
of associations per group is indicated by the red vertical dotted lines. The sample size for which we identified overlap with a male (186 bear-years)

and associations (excl.‘cub family”) is stated per group (101 bear-years)

especially those with yearlings, to make riskier decisions
in facilitating her and the offspring’s energetic needs
[25, 88]. Females with yearlings also had home ranges
sizes similar to solitary females, which indicates that the
resource needs increase for families with yearlings [62].
In addition, Van de Walle et al. [57] showed that larger
yearling litter sizes are associated with extended mater-
nal care, which again supports the increased resource
needs for mothers keeping yearlings for an additional
year. Additionally, increased space use is accompanied
by increased energetic demands for the whole family,
and must be compensated for [89]. Alternatively, females
with yearling may be less constrained in their movements
compared to females with cubs which may potentially
explain the increase in space use by female with yearling.

The duration of parental care affects the tradeoff
between offspring quantity (maximizing the number of
offspring produced) versus offspring quality, i.e., fewer
but larger offspring with potentially high lifetime fitness;
[11, 17, 90, 91]). The probability of continuing mater-
nal care in our population was higher for females with
larger litters (2—3 cubs; [57]). These females have to allo-
cate more energy to their current offspring which may

reduce their future reproduction especially because they
reduce their reproductive opportunities [18, 92, 93]. The
extended maternal care period might provide the off-
spring with additional survival and fitness benefits such
as enhanced social skills [61, 94] or equip the offspring
with crucial skills taught by their mother [20, 95]. How-
ever, if an increasing number of females extend their
maternal care, the infanticide pressure on yearlings might
increase and thereby reduce any potential fitness benefits
of prolonged maternal care.

Unraveling the behavioral adaptability of females in
response to risk of infanticide during the mating sea-
son is crucial for advancing our knowledge regarding
fitness, reproduction, and evolutionary dynamics [4,
55, 96]. Our study supports the contention that wildlife
management practices can have cascading effects on
movement, reproduction, as well as the social composi-
tion of populations [97, 98]. The increase in the length
of maternal care in Sweden during the last decade may
partially be related to hunting, as females with family
groups are protected from hunting which may have
resulted in increased survival and a selective advantage
of females with prolonged maternal care [57, 62]. In
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2022-2024, Swedens substantially increased the annual
harvest rate from 10 to almost 25% in order to reduce
the population size and density [99]. It remains to be
seen how this strong increase in the harvest rate will
affect movement- and social behavior, maternal care
tactics, and ultimately population dynamics.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540462-025-00561-6.

[ Additional file1 (DOCX 4063 kb) }

Acknowledgements

We acknowledge the hard work of the numerous field workers and volunteers
that have collected the data used for this study. The long-term funding of

the Scandinavian Brown Bear Research Project (SBBRP) has been provided by
the Swedish Environmental Protection Agency, the Norwegian Environment
Agency, the Austrian Science Fund, and the Swedish Association for Hunting
and Wildlife Management. FP was supported by NSERC Discovery grant (2018-
05405), an EW.R. Steacie Memorial Fellowship (549146-2020) and the Canada
Research Chair program (CRC-2022-00486).

Author contributions

RH Conceptualization, Methodology, Data curation, Formal analysis, Writing—
Original Draft, Writing—Review and Editing. ML and SF Conceptualization,
Methodology, Writing—Review and Editing. AK Writing—Review and Editing,
Project administration. FP Conceptualization, Writing—Review and Editing,
Supervision, Funding. AZ Conceptualization, Writing—Review and Editing,
Supervision, Funding. All authors have approved the submission of the manu-
script and declare no conflict of interest.

Funding

Open access funding provided by University Of South-Eastern Norway. The
long-term funding of the Scandinavian Brown Bear Research Project (SBBRP)
has been provided by the Swedish Environmental Protection Agency, the
Norwegian Environment Agency, the Austrian Science Fund, and the Swedish
Association for Hunting and Wildlife Management. FP was supported by
NSERC Discovery grant (2018-05405), an EW.R. Steacie Memorial Fellowship
(549146-2020) and the Canada Research Chair program (CRC-2022-00486).

Data availability

Data that supports the findings is available in the University of South-Eastern
Norway Research Data Archive, which can be found here: https://doi.
org/https://doi.org/10.23642/usn.24949185.v2

Declarations

Consent for publish declaration
Not applicable.

Conflict of interest
The authors declare no competing interests.

Author details

'Department of Natural Sciences and Environmental Health, University

of South-Eastern Norway, Bg, Norway. 2Département des Sciences Fonda-
mentales and Centre détude de la Forét, Université du Québec a Chicoutimi,
Chicoutimi, Quebec, Canada. *Mammals Research Section, Colorado Parks
and Wildlife, Fort Collins, CO, USA. “Norwegian Institute for Nature Research,
Trondheim, Norway. 5Département de Biologie, Université de Sherbrooke,
Sherbrooke, Quebec, Canada. ®Institute of Wildlife Biology and Game Manage-
ment, University of Natural Resources and Life Sciences, Vienna, Austria.

Received: 7 February 2025 Accepted: 23 April 2025
Published online: 19 May 2025

Page 9 of 11

References

1. Clutton-Brock TH. Social evolution in mammals. Science. 2021. https://
doi.org/10.1126/science.abc9699.

2. Emlen ST, Oring LW. Ecology, sexual selection, and the evolution of mat-
ing systems. Science. 1977;197(4300):215-23.

3. Shuster SM, Wade MJ. Mating systems and strategies. In: Krebs JR, Clut-
ton-Brock T, editors. Mating systems and strategies. Princeton: Princeton
University Press; 2003. https://doi.org/10.2307/j.ctvs32sgk.

4. Clutton-Brock TH. Review lecture: mammalian mating systems. Proc Roy
Soc Lond B Biol Sci. 1989;236(1285):339-72. https://doi.org/10.1098/rspb.
1989.0027.

5. Shuster SM. Sexual selection and mating systems. Proc Natl Acad Sci.
2009;106:10009-16. https://doi.org/10.1073/pnas.0901132106.

6. Orians GH. On the evolution of mating systems in birds and mammals.
Am Nat. 1969;103(934):589-603. https://doi.org/10.1086/282628.

7. McGlothlin JW, Fisher DN. Social Selection and the Evolution of Maladap-
tation. J Hered. 2022;113(1):61-8. https://doi.org/10.1093/jhered/esab0
61.

8. Milner JM, Nilsen EB, Andreassen HP. Demographic side effects of selec-
tive hunting in ungulates and carnivores. Conserv Biol. 2007;21(1):36-47.
https://doi.org/10.1111/j.1523-1739.2006.00591 .

9. Solberg EJ, Loison A, Ringsby TH, Seether B, Heim M. Biased adult sex
ratio can affect fecundity in primiparous moose Alces alces. Wildl Biol.
2002;8(2):117-28. https://doi.org/10.2981/wlb.2002.016.

10. Clutton-Brock TH. Parental care in birds and mammals. In: Clutton-Brock
TH, editor. The evolution of parental care. Princeton University Press; 1991.
p. 130-52.

11. Trivers R. Parental investment and sexual selection. In: Campbell B, editor.
Sexual selection and the descent of man. Aldine; 1972. p. 1871-971.

12. Kokko H, Jennions MD. Parental investment, sexual selection and sex
ratios. J Evol Biol. 2008;21(4):.919-48. https//doi.org/10.1111/j.1420-9101.
2008.01540.x.

13. Dejeante R, Loveridge AJ, Macdonald DW, Madhlamoto D, Valeix M,
Chamaillé-Jammes S. Counter-strategies to infanticide: the importance of
cubs in determining lion habitat selection and social interactions. J Anim
Ecol. 2024;93(2):159-70. https://doi.org/10.1111/1365-2656.14045.

14. Roberts BA, Rubenstein DI. Maternal tactics for mitigating neonate preda-
tion risk during the postpartum period in Thomson's gazelle. Behaviour.
2014;151(9):1229-48. https://doi.org/10.1163/1568539X-00003181.

15. Konig B, Markl H. Maternal care in house mice. Behav Ecol Sociobiol.
1987;20(1):234. https://doi.org/10.1007/BF00292161.

16. Orians GH. The ecology of blackbird (Agelaius) social systems. Ecol Mon-
ogr. 1961;31(3):285-312. https://doi.org/10.2307/1948556.

17. Webb JN, Houston Al, McNamara JM, Székely T. Multiple patterns of
parental care. Anim Behav. 1999;58(5):983-93. https://doi.org/10.1006/
anbe.1999.1215.

18. Balme GA, Robinson HS, Pitman RT, Hunter LTB. Flexibility in the duration
of parental care: female leopards prioritise cub survival over reproductive
output. J Anim Ecol. 2017;86(5):1224-34. https://doi.org/10.1111/1365-
2656.12713.

19. Johansson O, Ausilio G, Low M, Lkhagvajav P, Weckworth B, Sharma K.
The timing of breeding and independence for snow leopard females
and their cubs. Mamm Biol. 2021;101(2):173-80. https://doi.org/10.1007/
$42991-020-00073-3.

20. Mateo JM. Maternal influences on development, social relationships, and
survival behaviors. In: Maestripieri D, Mateo JM, editors. Maternal effects
in mammals. New York: University of Chicago Press; 2009. p. 133-58.
https://doi.org/10.7208/chicago/9780226501222.003.0007.

21. Wasser SK, Barash DP. Reproductive suppression among female mam-
mals: implications for biomedicine and sexual selection theory. Q Rev
Biol. 1983;58(4):234. https://doi.org/10.1086/413545.

22. Sunde P. Parent-offspring conflict over duration of parental care and its
consequences in tawny owls Strix aluco. J Avian Biol. 2008;39(2):242-6.
https://doi.org/10.1111/}.2008.0908-8857.04194.x.

23. Trivers R. Parent-offspring conflict. Am Zool. 1974;14(1):249-64. https://
doi.org/10.1093/icb/14.1.249.

24. Holland AM, Haus JM, Dion JR, Rogerson JE, Bowman JL. Navigating
motherhood: Biological and landscape factors affecting postpartum
movement in white-tailed deer. Mov Ecol. 2024;12(1):79. https://doi.org/
10.1186/540462-024-00517-2.


https://doi.org/10.1186/s40462-025-00561-6
https://doi.org/10.1186/s40462-025-00561-6
https://doi.org/
https://doi.org/
https://doi.org/10.23642/usn.24949185.v2
https://doi.org/10.1126/science.abc9699
https://doi.org/10.1126/science.abc9699
https://doi.org/10.2307/j.ctvs32sqk
https://doi.org/10.1098/rspb.1989.0027
https://doi.org/10.1098/rspb.1989.0027
https://doi.org/10.1073/pnas.0901132106
https://doi.org/10.1086/282628
https://doi.org/10.1093/jhered/esab061
https://doi.org/10.1093/jhered/esab061
https://doi.org/10.1111/j.1523-1739.2006.00591.x
https://doi.org/10.2981/wlb.2002.016
https://doi.org/10.1111/j.1420-9101.2008.01540.x
https://doi.org/10.1111/j.1420-9101.2008.01540.x
https://doi.org/10.1111/1365-2656.14045
https://doi.org/10.1163/1568539X-00003181
https://doi.org/10.1007/BF00292161
https://doi.org/10.2307/1948556
https://doi.org/10.1006/anbe.1999.1215
https://doi.org/10.1006/anbe.1999.1215
https://doi.org/10.1111/1365-2656.12713
https://doi.org/10.1111/1365-2656.12713
https://doi.org/10.1007/s42991-020-00073-3
https://doi.org/10.1007/s42991-020-00073-3
https://doi.org/10.7208/chicago/9780226501222.003.0007
https://doi.org/10.1086/413545
https://doi.org/10.1111/j.2008.0908-8857.04194.x
https://doi.org/10.1093/icb/14.1.249
https://doi.org/10.1093/icb/14.1.249
https://doi.org/10.1186/s40462-024-00517-2
https://doi.org/10.1186/s40462-024-00517-2

Heeres et al. Movement Ecology

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2025) 13:35

Kilner RM, Hinde CA. Parent-offspring conflict. In: Royle NJ, Smiseth PT,
Kolliker M, editors. The evolution of parental care. Oxford University Press;
2012.p. 119-32,

Mateo JM. Development, maternal effects, and behavioral plasticity.
Integr Comp Biol. 2014;54(5):841-9. https://doi.org/10.1093/icb/icu044.
Ebensperger LA, Blumstein DT. Nonparental infanticide. In: Wolff JO,
Sherman PW, editors. Rodent societies: an ecological and evolutionary
perspective. New York: University of Chicago Press; 2007. p. 267-79.

van Schaik CP, Kappeler PM. Infanticide risk and the evolution of
male-female association in primates. Proc Roy Soc Lond Ser B Biol Sci.
1997;264(1388):1687-94. https://doi.org/10.1098/rspb.1997.0234.

Agrell J, Wolff JO, YIonen H. Counter-strategies to infanticide in mammals:
costs and consequences. Oikos. 1998;83(3):507. https://doi.org/10.2307/
3546678.

Pusey AE, Packer C. Infanticde in lions: consequences and counterstrate-
gies. In: Parmigiani S, Vom Saal FS, editors. Infanticide and parental care.
London: Harwood Academic Publishers; 1994.

Steyaert SMJG, Swenson JE, Zedrosser A. Litter loss triggers estrus in a
nonsocial seasonal breeder. Ecol Evol. 2014;4(3):300-10. https://doi.org/
10.1002/ece3.935.

Gittleman JL, Thompson SD. Energy allocation in mammalian reproduc-
tion. Am Zool. 1988;28(3):863-75. https://doi.org/10.1093/icb/28.3.863.
Ebensperger LA. Strategies and counterstrategies to infanticide in mam-
mals. Biol Rev. 1998;73(3):321-46. https://doi.org/10.1111/j.1469-185X.
1998.tb00034.x.

Wolff JO, MacDonald DW. Promiscuous females protect their offspring.
Trends Ecol Evol. 2004;19(3):127-34. https://doi.org/10.1016/j.tree.2003.
12.009.

Smultea MA. Segregation by humpback whale (Megaptera novaeangliae)
cows with a calf in coastal habitat near the island of Hawaii. Can J Zool.
1994,72(5):805-11. https://doi.org/10.1139/294-109.

Wielgus RB, Bunnell FL. Tests of hypotheses for sexual segregation in griz-
zly bears. J Wildl Manag. 1995;59(3):552. https://doi.org/10.2307/3802462.
Gielen K, Louwerse AL, Sterck EHM. The older the better: infanticide is
age-related for both victims and perpetrators in captive long-tailed
macaques. Biology. 2022. https://doi.org/10.3390/biology11071008.
Packer C. Infanticide is no fallacy. Am Anthropol. 2000;102(4):829-31.
Bellemain E, Swenson JE, Taberlet P. Mating strategies in relation to
sexually selected infanticide in a non-social carnivore: the brown bear.
Ethology. 2006;112(3):238-46. https://doi.org/10.1111/.1439-0310.2006.
01152.x.

Edwards MA, Derocher AE. Mating-related behaviour of grizzly bears
inhabiting marginal habitat at the periphery of their North American
range. Behav Proc. 2015;111(1):75-83. https://doi.org/10.1016/j.beproc.
2014.12.002.

McLellan BN. Sexually selected infanticide in grizzly bears: the effects of
hunting on cub survival. Ursus. 2005;16(2):141-56. https://doi.org/10.
2192/1537-6176(2005)016[0141:SSIIGB]2.0.CO;2.

Leclerc M, Frank SC, Zedrosser A, Swenson JE, Pelletier F. Hunting pro-
motes spatial reorganization and sexually selected infanticide. Sci Rep.
2017. https://doi.org/10.1038/srep45222.

Swenson JE, Sandegren F, Soderberg A, Bjarvall A, Franzén R, Wabakken P.
Infanticide caused by hunting of male bears. Nature. 1997;386(6624):450—
1. https://doi.org/10.1038/386450a0.

Heeres RW, Leclerc M, Frank S, Kopatz A, Pelletier F, Zedrosser A. Are non-
social species more social than we think? Seasonal patterns in sociality in
a solitary terrestrial carnivore. Anim Behav. 2024,216:107-30. https://doi.
0rg/10.1016/j.anbehav.2024.07.022.

Dahle B, Swenson JE. Family breakup in brown bears: are young forced
to leave. ) Mammal. 2003;84(2):536-40. https://doi.org/10.1644/1545-
1542(2003)084%3c0536:FBIBBA%3e2.0.CO;2.

Steyaert SMJG, Kindberg J, Swenson JE, Zedrosser A. Male reproductive
strategy explains spatiotemporal segregation in brown bears. J Anim
Ecol. 2013;82(4):836-45. https://doi.org/10.1111/1365-2656.12055.

Dahle B, Swenson JE. Factors influencing length of maternal care in
brown bears (Ursus arctos) and its effect on offspring. Behav Ecol Socio-
biol. 2003;54(4):352-8. https://doi.org/10.1007/500265-003-0638-8.

Case RL, Buckland L. Reproductive characteristics of grizzly bears in the
Kugluktuk Area, Northwest Territories, Canada. Ursus. 1998;10:41-7.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 10 of 11

Ferguson SH, McLoughlin PD. Effect of energy availability, seasonality, and
geographic range on brown bear life history. Ecography. 2000,23(2):193—
200. https://doi.org/10.1111/}.1600-0587.2000.tb00275 x.

Nawaz MA, Swenson JE, Zakaria V. Pragmatic management increases a
flagship species, the Himalayan brown bears. Pakistan's Deosai Natl Park
Biol Conserv. 2008;141(9):2230-41. https://doi.org/10.1016/j.biocon.2008.
06.012.

Stringham SF. Roles of Adult Males in Grizzly Bear Population Biology.
Bears Their Biol Manag. 1983;5:140. https://doi.org/10.2307/3872531.
Swenson JE, Dahle B, Sandegren F. Intraspecific predation in Scandina-
vian brown bears older than cubs-of-the-year. Ursus. 2001;12:81-91.
Steyaert SMJG, Leclerc M, Pelletier F, Kindberg J, Brunberg S, Swenson

JE, Zedrosser A. Human shields mediate sexual conflict in a top predator.
Proc Roy Soc B Biol Sci. 2016;283(1833):20160906. https://doi.org/10.
1098/rspb.2016.0906.

Van de Walle J, Leclerc M, Steyaert SMJG, Zedrosser A, Swenson JE, Pel-
letier F. Proximity to humans is associated with longer maternal care in
brown bears. Behav Ecol Sociobiol. 2019;73(158):234. https://doi.org/10.
1007/500265-019-2764-y.

Webber QMR, Albery GF, Farine DR, Pinter-Wollman N, Sharma N, Spiegel
O, Vander Wal E, Manlove K. Behavioural ecology at the spatial-social
interface. Biol Rev. 2023,;98(3):868-86. https://doi.org/10.1111/brv.12934.
Dahle B, Swenson JE. Seasonal range size in relation to reproductive strat-
egies in brown bears Ursus arctos. J Anim Ecol. 2003;72(4):660-7. https://
doi.org/10.1046/}.1365-2656.2003.00737 X.

Van de Walle J, Zedrosser A, Swenson JE, Pelletier F. Disentangling direct
and indirect determinants of the duration of maternal care in brown
bears: environmental context matters. J Anim Ecol. 2021;90(2):376-86.
https://doi.org/10.1111/1365-2656.13371.

Martin J, Basille M, van Moorter B, Kindberg J, Allainé D, Swenson JE. Cop-
ing with human disturbance: spatial and temporal tactics of the brown
bear (Ursus arctos). Can J Zool. 2010;88(9):875-83. https://doi.org/10.
1139/210-053.

Bischof R, Milleret C, Dupont P, Chipperfield J, Braseth H, Kindberg J. Rov-
Quant: estimating density, abundance and population dynamics of bears,
wolverines and wolves in Scandinavia. MINA Fagrapport. 2019;63:1-79.
Frank SC, Pelletier F, Kopatz A, Bourret A, Garant D, Swenson JE, Eiken HG,
Hagen SB, Zedrosser A. Harvest is associated with the disruption of social
and fine-scale genetic structure among matrilines of a solitary large car-
nivore. Evol Appl. 2021;14(4):1023-35. https://doi.org/10.1111/eva.13178.
Hansen JE, Hertel AG, Frank SC, Kindberg J, Zedrosser A. Social environ-
ment shapes female settlement decisions in a solitary carnivore. Behav
Ecol. 2022;33(1):137-46. https://doi.org/10.1093/beheco/arab118.
Steyaert SMJG, Endrestal A, Hacklander K, Swenson JE, Zedrosser A.

The mating system of the brown bear Ursus arctos. Mammal Rev.
2012;42(1):12-34. https://doi.org/10.1111/j.1365-2907.2011.00184 x.
Graesli AR, Arnemo JM, Evans AL. Biomedical protocol brown bears (Ursus
arctos). Norway: University of Inland Norway; 2025. https://doi.org/10.
13140/RG.2.2.27567.44966.

Zedrosser A, Dahle B, Stgen OG, Swenson JE. The effects of primi-

parity on reproductive performance in the brown bear. Oecologia.
2009;160(4):847-54. https://doi.org/10.1007/500442-009-1343-8.

Matson G, Van Daele L, Goodwin E, Aumiller L, Reynolds H, Hristienko H.
A laboratory manual for cementum age determination of Alaska brown
bear first premolar teeth. New York: Alaska Department of Fish and Game
Division of Wildlife Conservation; 1993.

Fleming CH, Calabrese JM, Mueller T, Olson KA, Leimgruber P, Fagan WF.
From fine-scale foraging to home ranges: a semivariance approach to
identifying movement modes across spatiotemporal scales. Am Nat.
2014;183(5):154-67. https://doi.org/10.1086/675504.

Calabrese JM, Fleming CH, Gurarie E. ctmm: An r package for analyzing
animal relocation data as a continuous-time stochastic process. Methods
Ecol Evol. 2016;7(9):1124-32. https://doi.org/10.1111/2041-210X.12559.
Fleming CH, Fagan WF, Mueller T, Olson KA, Leimgruber P, Calabrese JM.
Rigorous home range estimation with movement data: a new autocor-
related kernel density estimator. Ecology. 2015;96(5):1182-8. https://doi.
0rg/10.1890/14-2010.1.

MacFarland TW, Yates JM. Using R for biostatistics. Berlin: Springer; 2021.
https://doi.org/10.1007/978-3-030-62404-0.


https://doi.org/10.1093/icb/icu044
https://doi.org/10.1098/rspb.1997.0234
https://doi.org/10.2307/3546678
https://doi.org/10.2307/3546678
https://doi.org/10.1002/ece3.935
https://doi.org/10.1002/ece3.935
https://doi.org/10.1093/icb/28.3.863
https://doi.org/10.1111/j.1469-185X.1998.tb00034.x
https://doi.org/10.1111/j.1469-185X.1998.tb00034.x
https://doi.org/10.1016/j.tree.2003.12.009
https://doi.org/10.1016/j.tree.2003.12.009
https://doi.org/10.1139/z94-109
https://doi.org/10.2307/3802462
https://doi.org/10.3390/biology11071008
https://doi.org/10.1111/j.1439-0310.2006.01152.x
https://doi.org/10.1111/j.1439-0310.2006.01152.x
https://doi.org/10.1016/j.beproc.2014.12.002
https://doi.org/10.1016/j.beproc.2014.12.002
https://doi.org/10.2192/1537-6176(2005)016[0141:SSIIGB]2.0.CO;2
https://doi.org/10.2192/1537-6176(2005)016[0141:SSIIGB]2.0.CO;2
https://doi.org/10.1038/srep45222
https://doi.org/10.1038/386450a0
https://doi.org/10.1016/j.anbehav.2024.07.022
https://doi.org/10.1016/j.anbehav.2024.07.022
https://doi.org/10.1644/1545-1542(2003)084%3c0536:FBIBBA%3e2.0.CO;2
https://doi.org/10.1644/1545-1542(2003)084%3c0536:FBIBBA%3e2.0.CO;2
https://doi.org/10.1111/1365-2656.12055
https://doi.org/10.1007/s00265-003-0638-8
https://doi.org/10.1111/j.1600-0587.2000.tb00275.x
https://doi.org/10.1016/j.biocon.2008.06.012
https://doi.org/10.1016/j.biocon.2008.06.012
https://doi.org/10.2307/3872531
https://doi.org/10.1098/rspb.2016.0906
https://doi.org/10.1098/rspb.2016.0906
https://doi.org/10.1007/s00265-019-2764-y
https://doi.org/10.1007/s00265-019-2764-y
https://doi.org/10.1111/brv.12934
https://doi.org/10.1046/j.1365-2656.2003.00737.x
https://doi.org/10.1046/j.1365-2656.2003.00737.x
https://doi.org/10.1111/1365-2656.13371
https://doi.org/10.1139/Z10-053
https://doi.org/10.1139/Z10-053
https://doi.org/10.1111/eva.13178
https://doi.org/10.1093/beheco/arab118
https://doi.org/10.1111/j.1365-2907.2011.00184.x
https://doi.org/10.13140/RG.2.2.27567.44966
https://doi.org/10.13140/RG.2.2.27567.44966
https://doi.org/10.1007/s00442-009-1343-8
https://doi.org/10.1086/675504
https://doi.org/10.1111/2041-210X.12559
https://doi.org/10.1890/14-2010.1
https://doi.org/10.1890/14-2010.1
https://doi.org/10.1007/978-3-030-62404-0

Heeres et al. Movement Ecology

70.

71

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

(2025) 13:35

Lee S, Lee DK. What is the proper way to apply the multiple comparison
test? Korean J Anesthesiol. 2018;71(5):353-60. https://doi.org/10.4097/
kja.d.18.00242.

R Development Core Team. R: a language and environment for statistical
computing [Computer software]. R Foundation for Statistical Computing;
2024,

Noonan MJ, Martinez-Garcia R, Davis GH, Crofoot MC, Kays R, Hirsch BT,
Caillaud D, Payne E, Sih A, Sinn DL, Spiegel O, Fagan WF, Fleming CH,
Calabrese JM. Estimating encounter location distributions from animal
tracking data. Methods Ecol Evol. 2021;12(7):1158-73. https://doi.org/10.
1111/2041-210X.13597.

Kruskal WH, Wallis WA. Use of ranks in one-criterion variance analysis. J
Am Stat Assoc. 1952;47(260):583. https://doi.org/10.2307/2280779.

Holm S. A simple sequentially rejective multiple test procedure. Scand J
Stat. 1979,6(2):65-70.

Robitaille AL, Webber QMR, Vander Wal E. Conducting social network
analysis with animal telemetry data: applications and methods using
spatsoc. Methods Ecol Evol. 2019;10(8):1203-11. https://doi.org/10.1111/
2041-210X.13215.

Thiel A, Giroud S, Hertel AG, Friebe A, Devineau O, Fuchs B, Blanc S, Steen
OG, Laske TG, Arnemo JM, Evans AL. Seasonality in biological rhythms in
Scandinavian brown Bears. Front Mater. 2022. https://doi.org/10.3389/
fphys.2022.785706.

Pedersen EJ, Miller DL, Simpson GL, Ross N. Hierarchical generalized addi-
tive models in ecology: an introduction with mgcv. Peer). 2019. https://
doi.org/10.7717/peerj.6876.

Wood SN, Pya N, Safken B. Smoothing parameter and model selection for
general smooth models. J Am Stat Assoc. 2016;111(516):1548-63. https://
doi.org/10.1080/01621459.2016.1180986.

Wood SN. Fast stable restricted maximum likelihood and marginal likeli-
hood estimation of semiparametric generalized linear models. J R Stat
Soc Ser B Stat Methodol. 2011;73(1):3-36. https://doi.org/10.1111/.1467-
9868.2010.00749.x.

Wood SN. Generalized additive models. London: Chapman and Hall/CRC;
2017. https://doi.org/10.1201/9781315370279.

Hartig, F, DHARMa: residual diagnostics for hierarchical (multi-level /
mixed) regression models [computer software]; 2022. https://CRAN.R-
project.org/package=DHARMa

Fasiolo M, Nedellec R, Goude Y, Wood SN. Scalable visualization meth-
ods for modern generalized additive models. J Comput Graph Stat.
2020;29(1):78-86. https://doi.org/10.1080/10618600.2019.1629942.
Bischof R, Fujita R, Zedrosser A, Soderberg A, Swenson JE. Hunting pat-
terns, ban on baiting, and harvest demographics of brown bears in Swe-
den. J Wildl Manag. 2008;72(1):79-88. https://doi.org/10.2193/2007-149.
Van de Walle J, Pigeon G, Zedrosser A, Swenson JE, Pelletier F. Hunting
regulation favors slow life histories in a large carnivore. Nat Commun.
2018;9(1100):1-10. https://doi.org/10.1038/541467-018-03506-3.

Atmeh K, Bonenfant C, Gaillard J-M, Garel M, Hewison AJM, Marchand P,
Morellet N, Anderwald P, Buuveibaatar B, Beck JL, Becker MS, van Beest
FM, Berg J, Bergvall UA, Boone RB, Boyce MS, Chamaillé-Jammes S, Chaval
Y, Buyanaa C, et al. Neonatal antipredator tactics shape female movement
patterns in large herbivores. Nat Ecol Evolut. 2024. https://doi.org/10.
1038/541559-024-02565-8.

Keehner JR, Wielgus RB, Maletzke BT, Swanson ME. Effects of male tar-
geted harvest regime on sexual segregation in mountain lion. Biol Cons.
2015;192:42-7. https://doi.org/10.1016/j.biocon.2015.09.005.

Rode KD, Farley SD, Robbins CT. Sexual dimorphism, reproductive
strategy, and human activities determine resource use by brown bears.
Ecology. 2006;87(10):2636-46. https://doi.org/10.1890/0012-9658(2006)
87[2636:SDRSAH]2.0.CO;2.

Franchini M, Mikkelsen AJ, Sergiel A, Selva N, Janz DM, Kindberg J,
Zedrosser A. Maternal and social status affect hair cortisol concentra-
tions in brown bears. Zoology. 2025. https://doi.org/10.1016/j.z00l.2025.
126257.

Jetz W, Carbone C, Fulford J, Brown JH. The scaling of animal space use.
Science. 2004;306(5694):266-8. https://doi.org/10.1126/science.1102138.
Klug H, Bonsall MB. What are the benefits of parental care? The
importance of parental effects on developmental rate. Ecol Evol.
2014;4(12):2330-51. https://doi.org/10.1002/ece3.1083.

91

92.

93.

94.

95.

96.

97.

98.

99.

Page 11 of 11

Lee PC, Majluf P, Gordon L. Growth, weaning and maternal investment
from a comparative perspective. J Zool. 1991;225(1):99-114. https://doi.
0rg/10.1111/).1469-7998.1991.tb03804 x.

Bateson P.The dynamics of parent-offspring relationships in mammals.
Trends Ecol Evol. 1994;9(10):399-403. https://doi.org/10.1016/0169-
5347(94)90066-3.

Stearns SC. Trade-offs in life-history evolution. Funct Ecol. 1989;3(3):259.
https://doi.org/10.2307/2389364.

Alberts SC. Social influences on survival and reproduction: insights from a
long-term study of wild baboons. J Anim Ecol. 2019;88(1):47-66. https.//
doi.org/10.1111/1365-2656.12887.

Engebretsen KN, Rushing C, DeBloois D, Young JK. Increased maternal
care improves neonate survival in a solitary carnivore. Anim Behav.
2024;210:369-81. https://doi.org/10.1016/j.anbehav.2024.01.012.
Socias-Martinez L, Kappeler PM. Catalyzing transitions to sociality: ecol-
ogy builds on parental care. Front Ecol Evolut. 2019. https://doi.org/10.
3389/fevo.2019.00160.

Erwin JA, Logan KA, Trumbo DR, Funk WC, Culver M. Effects of hunting
on mating, relatedness, and genetic diversity in a puma population. Mol
Ecol. 2024. https://doi.org/10.1111/mec.17237.

Festa-Bianchet M, Apollonio M. Animal behavior and wildlife conserva-
tion. Island Press; 2003.

Milleret C, Dupont P, Chapron G, Swenson JE, Bischof R. Sweden is shoot-
ing brown bears in the dark. Science. 2024;385(6713):1052-1052. https://
doi.org/10.1126/science.adq7487.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.4097/kja.d.18.00242
https://doi.org/10.4097/kja.d.18.00242
https://doi.org/10.1111/2041-210X.13597
https://doi.org/10.1111/2041-210X.13597
https://doi.org/10.2307/2280779
https://doi.org/10.1111/2041-210X.13215
https://doi.org/10.1111/2041-210X.13215
https://doi.org/10.3389/fphys.2022.785706
https://doi.org/10.3389/fphys.2022.785706
https://doi.org/10.7717/peerj.6876
https://doi.org/10.7717/peerj.6876
https://doi.org/10.1080/01621459.2016.1180986
https://doi.org/10.1080/01621459.2016.1180986
https://doi.org/10.1111/j.1467-9868.2010.00749.x
https://doi.org/10.1111/j.1467-9868.2010.00749.x
https://doi.org/10.1201/9781315370279
https://CRAN.R-project.org/package=DHARMa
https://CRAN.R-project.org/package=DHARMa
https://doi.org/10.1080/10618600.2019.1629942
https://doi.org/10.2193/2007-149
https://doi.org/10.1038/s41467-018-03506-3
https://doi.org/10.1038/s41559-024-02565-8
https://doi.org/10.1038/s41559-024-02565-8
https://doi.org/10.1016/j.biocon.2015.09.005
https://doi.org/10.1890/0012-9658(2006)87[2636:SDRSAH]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[2636:SDRSAH]2.0.CO;2
https://doi.org/10.1016/j.zool.2025.126257
https://doi.org/10.1016/j.zool.2025.126257
https://doi.org/10.1126/science.1102138
https://doi.org/10.1002/ece3.1083
https://doi.org/10.1111/j.1469-7998.1991.tb03804.x
https://doi.org/10.1111/j.1469-7998.1991.tb03804.x
https://doi.org/10.1016/0169-5347(94)90066-3
https://doi.org/10.1016/0169-5347(94)90066-3
https://doi.org/10.2307/2389364
https://doi.org/10.1111/1365-2656.12887
https://doi.org/10.1111/1365-2656.12887
https://doi.org/10.1016/j.anbehav.2024.01.012
https://doi.org/10.3389/fevo.2019.00160
https://doi.org/10.3389/fevo.2019.00160
https://doi.org/10.1111/mec.17237
https://doi.org/10.1126/science.adq7487
https://doi.org/10.1126/science.adq7487

	Flexibility in female spatiotemporal behavioral tactics to counter infanticide risk during the mating season
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study system
	Brown bear captures and monitoring
	Female reproductive status and offspring separation
	Home range
	Encounter area overlap
	Proximity to males
	Individual associations and timing

	Results
	Home range
	Encounter area and overlap
	Proximity females–males
	Timing of dyadic associations

	Discussion
	Acknowledgements
	References


