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Preface 
It could be argued that the brown bear is not the ideal model species for studying reproductive 

strategies, because it occurs at low densities, matures late, gives birth to young only every 

second or third year, and bears are notoriously expensive to handle and monitor. However, 

brown bears exhibit behaviors restricted to certain groups of animals, such as sexually 

selected infanticide, which make them suitable for studying reproductive strategies and 

counterstrategies against sexually selected infanticide. Further, individual brown bears vary 

greatly in important life history traits, leading to questions such as; Why do some females stay 

with their young for one year and others for two or even three years? Why does the body mass 

of weaned yearlings vary by a factor of five? And, what consequences might this have? For a 

Darwinist it is important to answer such questions, as these phenomena have fitness 

consequences and should be under strong selective pressures. My hope is that this thesis 

contributes to our understanding of some aspects of maternal care and how space use may be 

influenced by reproductive strategies and ecological factors. Although brown are a difficult 

and expensive species to study, my research has given me nearly 100 observations of wild 

brown bears, some from quite far away and some so close that I could almost touch them. 

They are really fascinating creatures... 

 

 

 

 

 

 

 

 

Rather than dedicate this thesis to my wife and children, I apologize for my ego trip, being 

absent both physically and mentally when I wrote this thesis 
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Abstract 
This thesis deals with two main aspects of brown bear Ursus arctos reproductive strategies. 

First, it seeks to understand strategies of maternal care and how these affect the size and fate 

of offspring. Second it focuses on how home range size relates to ecological factors and 

reproductive strategies. All these aspects were studied using empirical data from a long-term 

study of brown bears in southcentral and northern Sweden.  

 Size of offspring is an important life history variable, because it might affect 

their survival and extend into adulthood and affect their reproductive success. Yearling body 

size and mass were positively related to maternal body size and negatively related to litter 

size. Males were larger and heavier than females, suggesting that mothers invest more in their 

male offspring, in accordance with the sex allocation theory for polygynous species. Further, 

yearling body mass showed a pronounced variance among cohorts, probably a result of 

variable food abundance among years. Yearling size and mass did not differ between the 

southern and northern study area. No significant relationship was found between population 

density and yearling body mass, but population density was probably below carrying capacity. 

Subadult bears (1-3 years-old) that died (excluding human caused mortalities) tended to be 

smaller as yearlings than subadults that did not die. 

Length of maternal care, i.e. the interval between successfully raised litters, is the most 

important factor explaining the variation in reproductive rates among brown bear populations, 

making it an interesting life history trait. In southcentral Sweden 95% of the litters separated 

from their mother as yearlings and the rest as two-year-olds. In northern Sweden litters 

separated as yearlings (53%), two-year-olds (44%) and three-year-olds (3%). In northern 

Sweden the probability of yearling litters staying with their mother for a second year 

decreased with increasing yearling body mass, and was higher for litters with 2 offspring than 

for litters with 1 or 3-4 offspring. Staying with their mothers for a second year had a positive 

effect on mass gain in yearlings and this effect was most pronounced in litters with 2 

offspring. Body mass of 2-year-olds was not related to age of weaning and our results 

suggested that keeping offspring for an additional year mainly compensated for low yearling 

body mass. In the southern study area we examined the behavior of family groups during 

family breakup. With few exceptions, all yearlings within a litter separated at the same time. 

Yearlings separated from their mothers during the mating season in May-early July, and most 

family breakups occurred with an adult male present. Our results suggest that termination of 

maternal investment was not initiated by the offspring. Because yearling body mass did not 
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differ between the study areas, body mass itself can not explain why many females cared for 

their yearlings for a second year in the northern study area. Although cohort effects on 

yearling body mass was evident in both study areas, prolonged care for small offspring in the 

northern study area probably reduced the cohort effect by the age of 2 year. 

Abandonment of dependent offspring has been related to poor nutritional conditions, 

but also to unusual small broods/litters. We modeled the number of offspring recruited to the 

population when female brown bears varied their behavior regarding abandoning single cubs 

to evaluate whether there might be a selective advantage of abandoning single cubs. In the 

southern subpopulation, with a 2-year reproductive cycle, females would not gain by 

abandoning single-cub litters, whereas in the northern subpopulation, females with a 3-year 

reproductive cycle would gain marginally (about 2%) by doing so. Females with single-cub 

litters did not seem to abandon single cubs after leaving the den, but we were not able to judge 

whether females abandoned single cubs shortly after birth. In the southern subpopulation, 

where sexually selected infanticide (SSI) was suggested to be a major agent of cub mortality, 

the probability of loosing one or more cubs from a litter decreased with litter size. In the 

northern subpopulation, where cub mortality was low and SSI less common, the probability of 

loosing one or more cubs from a litter increased with litter size. Our results support the 

maternal investment theory, that mothers invest in offspring defense in positive relation to the 

number of offspring. Protecting cubs from males is costly for mothers, as they tended to be 

killed more often by conspecifics than females without cubs. Excluding human caused 

mortality, intraspecific predation is the most important cause of mortality in brown bears. 

Staying with their mother did not significantly reduce intraspecific predation among 

yearlings, suggesting that the benefit for yearlings by staying for second year is mainly 

increased growth rate. The number of adult males that died 3 years previously and whether an 

adult male died 2 years previously explained part of the variation of the number of female 

yearlings killed. This was similar to the results previous reported for cub mortality, further 

pointing out that killing of adult males might has a strong demographic effect.  

In polygynous mammals the size of male home ranges has been considered to be 

determined by the distribution of females and the size of female ranges has been considered to 

be determined by the spatial distribution of food. On a large geographical scale home range 

size reported for brown bear populations was negatively related to food availability. However, 

for the Scandinavian populations we rejected the hypothesis that home range size is 

proportional to individuals’ metabolic needs, because this hypothesis was not able to explain 

the larger annual or seasonal ranges in males than estrous females nor the differences among 
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females of different reproductive categories. Males and estrous females increased their ranges 

in the mating season, suggesting a roam-to-mate strategy in both sexes. Roaming behavior of 

estrous females may be a strategy to consort several males for mate selection and to hide 

paternity as a counterstrategy against sexually selected infanticide, apparently the most 

important cause of cub mortality. Females with cubs, on the other hand, decreased their 

ranges during the mating season, probably to avoid contact with infanticidal males, because 

the presence of small cubs was not able to explain the small ranges used in the mating season. 

The size of annual ranges was negatively related to population density along a population 

density gradient not related to food availability, probably because movements are restricted by 

conspecifics at higher population density. 
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Sammendrag 
Denne avhandlingen tar for seg noen sentrale aspekt ved reproduktive strategier hos 

brunbjørn. Første del tar for seg strategier for foreldreomsorg og hvordan disse påvirker 

størrelsen og overlevelsen på avkommet. Deretter undersøkes hvordan størrelsen på 

hjemmeområdet påvirkes av økologiske faktorer og reproduktive strategier. Disse aspektene 

ble undersøkt ved å bruke data fra et langtidsstudie av brunbjørn i et sørlig (Dalarnas og 

Gävleborgs län og Hedmark fylke) og et nordlig (Norrbottens län) studieområde. 

 Størrelse på avkom er en viktig livshistorievariabel fordi det kan ha en innvirkning på 

avkommets overlevelse, størrelse som voksen og reproduktiv suksess. Kroppsstørrelse og vekt 

på ettåringer (ca 16 måneder gamle) økte med størrelsen på mora og avtok med antall unger i 

kullet. Hanner var større og tyngre enn hunner, som forventet ut i fra teorien om at foreldre 

skal investere mer i hannavkom hos arter med kjønnsdimorfi i størrelse. Dette fordi 

betydningen av å være stor antas å ha en større effekt på reproduktiv suksess hos hanner enn 

hos hunner. Vekta på ettåringene varierte mellom år, trolig på grunn av variasjon i mattilgang 

mellom ulike år. Størrelse og vekt på ettåringene var ikke forskjellig i de to studieområdene, 

og var upåvirket av bestandstetthet. 

 Lengden på foreldreomsorg, dvs. tidsintervallet mellom ungekull som overlever, er 

den faktoren som forklarer mest av variasjonen i reproduksjonsraten mellom ulike 

brunbjørnbestander. I det sørlige studieområdet skilte 95% av kullene lag med mora som 

ettåringer og resten som toåringer. I det nordlige studieområdet skilte 53% av kullene lag med 

mora som ettåringer, 45% som toåringer og 3% som treåringer. I det nordlige studieområdet 

avtok sannsynligheten for at et ungekull fulgte mora et ekstra år (til de er 2,5 år gamle) med 

økende gjennomsnittsvekt på ungene (målt ved 16 måneders alder) i kullet. Vi forventet at 

sannsynligheten for å gå med mora et ekstra år skulle øke med kullstørrelsen, ettersom 

foreldreinvesteringen ofte øker med kullstørrelse. Det viste seg at kull med to unger hadde 

høyere sannsynlighet for å gå sammen med mora et ekstra år enn kull med en eller tre-fire 

unger. Unger som gikk sammen med mora et ekstra år hadde raskere vekst det året enn unger 

som ble avvent som ettåringer, og den positive effekten av å gå sammen med mora var høyere 

i kull med to unger sammenlignet med kull med tre-fire unger. Kroppsvekt på toåringer var 

ikke avhengig av om de hadde gått med mora i ett eller to år, noe som antyder at forlenget 

foreldreinvestering hovedsakelig var en kompensasjon for lav vekt på ettåringer. I det sørlige 

studieområdet, hvor 95% av kullene skilte lag med mora som ettåringer, undersøkte vi 

omstendighetene rundt familieoppløsningen. Med få unntak separerte hele kullet samtidig. 
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Oppløsningen av familiegruppene skjedde i parringstida i mai til begynnelsen av juli, og i de 

fleste tilfeller var en voksen hannbjørn i nærheten. Vi konkluderte med at familieoppløsning 

ikke ble initiert av ungene. Siden det ikke var noen forskjell i kroppsvekt på ettåringer i de to 

studieområdene kan ikke kroppsvekt i seg selv forklare hvorfor mange mødre gikk med 

ungene et ekstra år i det nordlige studieområdet.  

Desertering (frastøtning) av avhengige unger er generelt satt i sammenheng med at 

mora er i svært dårlig kondisjon, men også med at kullet er uvanlig lite. Vi modellerte antall 

unger rekruttert til bestanden når brunbjørnbinner varierte atferden sin med hensyn på å 

desertere eller ikke desertere kull med en unge for å evaluere om det kan være en fordel å 

desertere slike kull. Fordelen med å desertere et slikt kull ligger i at de da kan produsere et 

nytt og forhåpentligvis større kull tidligere enn hvis de oppfostret kullet med en unge. I det 

sørlige studieområdet med en toårs reproduktiv syklus (ungene avvennes som ettåringer) var 

det ingen fordel å desertere slike kull, mens binner i det nordlige studieområdet med en treårs 

reproduktiv syklus økte antallet avvente avkom i løpet av livsløpet med 2% ved å desertere 

slike kull. Uansett så det ikke ut til at binnene deserterte kull med en unge etter at de forlot 

hiet om våren i det nordlige studieområdet. Vi kunne ikke avgjøre om dette hadde skjedd 

tidligere, før de forlot hiet.  

Teorien om foreldreinvestering sier at investering i avkom bør justeres etter hvilke 

fordeler denne investeringen har for avkommet og hvilke ulemper dette har for foreldrenes 

overlevelse og framtidige reproduksjon. I det sørlige studieområdet var seksuelt selektert 

infanticid (hannbjørner dreper unger som følger mora for å få tilgang til å parre seg med 

mora) en viktig årsak til dødelighet hos årsunger. I dette området avtok sannsynligheten for at 

en eller flere av ungene døde i løpet av sommeren med økende kullstørrelse. I det nordlige 

studieområdet, hvor seksuelt selektert infanticid var mindre vanlig, økte sannsynligheten for å 

at en eller flere unger døde i løpet av sommeren med økende kullstørrelse. Disse resultatene 

kan best forklares ved at binnene øker forsvaret mot hannbjørner med økende kullstørrelse. Å 

forsvare unger mot hannbjørner er kostbart for binnene ettersom de hadde en større 

sannsynlighet for bli drept av andre bjørner enn voksne binner uten årsunger. Når det gjelder 

predasjon på bjørner eldre enn årsunger av andre bjørner var ettåringer mest utsatt. Det var 

ingen forskjell på predasjon på ettåringer som var avvent og på ettåringer som gikk sammen 

med mora, så fordelen med å følge mora et ekstra år er i første rekke økt vekst. Ingen bjørner 

eldre enn tre år (med unntak av binner med årsunger) ble drept av andre bjørner. 

Predasjonsraten på ettårige binner økte med antallet voksne hannbjørner som døde tre år 

tidligere og om en hannbjørn døde to år tidligere. Dette resultatet er likt med tidligere 
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undersøkelser som fant økt dødelighet av årsunger to år etter at voksne hannbjørner døde og 

understreker at avskytning av voksne hannbjørner kan ha en sterk demografisk effekt. 

 Hos polygyne pattedyr er størrelsen på hjemmeområdet hos voksne hanner antatt å 

være bestemt av fordelingen av voksne hunner, og størrelsen på hjemmeområdet hos voksne 

binner er antatt å være bestemt av den romlige fordelingen av mat. Vi estimerte størrelsen på 

hjemmeområdene i løpet av året og i parringstida (1 mai-10 juli) og etter parringstida  (10 

juli- til de går i hi om høsten). På en stor geografisk skala avtok størrelsen på 

hjemmeområdene med økt mattilgang. Vi forkastet hypotesen om at størrelsen på 

hjemmeområdet øker proporsjonalt med metabolsk behov fordi forskjeller i metabolsk behov 

ikke kunne forklare størrelsesforskjellen i hjemmeområde (både års og sesong) mellom 

hanner og brunstige binner. Den kunne heller ikke forklare variasjonen mellom binner 

tilhørende ulike reproduktive kategorier (brunstige binner, binner med årsunger og binner 

med fjorårsunger). Hanner og brunstige binner økte størrelsen på hjemmeområdet i 

parringstida, noe som antyder at begge kjønn utvider hjemmeområdet for å oppsøke 

potensielle partnere. Hos hanner er fordelen med denne atferden åpenbar ettersom antallet 

unger som han produserer er avhengig av hvor mange binner han parrer seg med. Hos binner 

kan dette være en strategi for makevalg, og å spre farskapsusikkerhet ved å parre seg med 

flere hanner som ett mottrekk mot seksuelt selektert infanticid. Binner med årsunger derimot 

reduserte størrelsen på hjemmeområdet i parringstida, trolig for å unngå kontakt med hanner 

som kan drepe ungene for etterpå å kunne parre seg. For årsområdene avtok størrelsen med 

økende bestandstetthet for både hanner og binner, og dette skyldes antakeligvis at 

interaksjoner mellom individene øker med økende bestandstetthet. 
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Synopsis 
Introduction 
Wilbur (1977) defined reproductive strategies as a set of “tactics” that has been selected as the 

adaptations that have contributed, on the average, the greatest number of offspring to recent 

generations. Thus, reproductive strategies include the ways individuals acquire sexual 

partners and how they invest in their offspring. The first part of this thesis (Papers I-V) 

focuses on aspects of maternal care in brown bears (Ursus arctos), whereas the second part 

(Papers VI-VII) evaluate spatial strategies in relation to reproduction and ecological factor as 

revealed by analyses of brown bear home range size. 

 
Parental care 

Parental care is defined as any action that is likely to increase offspring survival and 

reproduction (Clutton-Brock 1991). Parental care, such as provisioning of food and protection 

against predators, usually imposes a cost to the reproductive potential of the parent (Trivers 

1972) as parents might sacrifice growth, (Green and Rothstein 1991) survival (Clutton-Brock, 

et al. 1989; Reguera and Gomendio 1999; 2001) and future reproduction (Clutton-Brock et al. 

1989). However the costs of parental care are often related to environmental conditions, for 

example in red deer (Cervus elaphus), differences in subsequent fecundity between milk-

producing and dry hinds are only found when population density is high and vary with the 

mothers’ dominance rank (Clutton-Brock et al. 1989). Parental care that reduces any 

component of the parents’ fitness is termed parental investment (Trivers 1972; Clutton-Brock 

1991). Above some threshold level of investment, the benefits of care are likely to show a 

diminishing return function as the amount of care received by the offspring increases (Smith 

and Fretwell 1974; Festa-Bianchet et al. 1994). The amount of resources a parent invests may 

vary according to offspring attributes, such as litter size (Jonsson et al. 2002; Verboven and 

Tinbergen 2002) and offspring sex (Lee and Moss 1986; Georges and Guinet 2001). Parents 

are reported to invest more in larger litters (review in Clutton-Brock 1991; Jonsson et al. 

2002) and invest more in the sex with the largest variation in reproductive success (Lee and 

Moss 1986; Georges and Guinet 2001). Furthermore, parental investment is often positively 

related to parental size or condition (e.g. Andersen et al. 2000), but might also be influenced 

by parity and environmental factors (see Clutton-Brock 1991 for a review).  

Body mass is one of the most important factors affecting an individual’s fitness (e.g. 

Festa Bianchet et al. 2000; McElligot et al. 2001; Perrins and McCleery 2001; but see Gaillard 

et al. 2000 for a discussion). Body mass at birth or weaning/fledging is usually positively 
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associated with early survival (e.g. Baker and Fowler 1992; Festa-Bianchet et al. 1997), and 

even survival to adulthood (e.g. Albon et al. 1987). Additionally, body mass at birth or 

weaning is often reported to be positively correlated with the body mass later in life (Shultz 

and Johnson 1995; Birgerson and Ekvall 1997), the size they reached as adults (Myers and 

Master 1983; Albon et al. 1987; Festa-Bianchet et al. 2000), and their reproductive success 

(Festa-Bianchet et al. 2000). Thus, conditions experienced during early development (i e. 

maternal investment) can influence growth, survival and later reproduction in birds and 

mammals (Lindström 1999). How body size early in life affects survival, growth, age at 

maturity, adult size and reproductive performance is poorly understood in large carnivores, 

including brown bears. A first step is taken in paper I, where we examine how yearling size 

and mass is related to maternal size, litter size, sex, environmental conditions (cohort effect) 

and population density and how yearling body mass affects survival during the subadult 

period. 

In mammals, offspring rely on milk after birth and in most species only females 

provide care for offspring (Clutton-Brock 1991). The relative costs of lactation is usually 

much higher than that of gestation (Oftedahl and Gittleman 1989), and the energy transfer 

during lactation varies among species, resulting in varying growth rates. For example in a 

typical capital breeder (which relies on stored resources for reproduction), such as the hooded 

seal (Cystophora cristata), offspring might be weaned after 3.6 days after increasing its birth 

mass by 60% (Mellish et al. 1999). A general trend in mammals seems to be that offspring are 

weaned when they reach a threshold size, hence the length of maternal investment often varies 

in relation to nutritional and maternal condition (Trillmich 1986; Cheney et al. 1988; 

Fairbanks and McGurie 1995). However this might be influenced by how maternal care 

affects different kinds of mortality factors. For example, high care-independent mortality, e.g. 

predation, might select for earlier weaning (Lycett et al. 1998). Further, in some seasonal 

breeders, the length of maternal investment may be fixed (e.g. 1 or 2 years) and thus variation 

in nutritional conditions may result in increased variance in size of weaned offspring among 

populations or cohorts (Hauser and Fairbanks 1988). The effect of litter size and offspring 

mass and sex on the length of maternal care in brown bears is examined in paper II. 

Conflicts may arise between parents and offspring over parental investment (Trivers 

1974). The theoretical foundation for conflict is sound but conflicts are seldom observed in 

nature (Bateson 1994; Mock and Parker 1997). Most studies of parent-offspring conflict have 

focused on sex-ratio adjustment or parent-offspring communication in small organisms (Mock 

and Parker 1997); relatively little information is available for large long-lived species, in 
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which parent-offspring conflict might be expected due to high fitness differential (Clutton-

Brock et al. 1982; Clutton-Brock 1991). In mammals the most commonly studied parent-

offspring conflict cases involve “weaning conflict” over when parental largess (milk) should 

be discontinued (Mock and Parker 1997). The termination of maternal care and who initiates 

it is poorly documented in the brown bear, although the limited information available suggests 

that it usually takes place during the mating season and that adult males may be involved in 

the process (Egbert and Luque 1975; Herrero and Hamer 1977; Ternent and Garshelis 1998). 

Behavior of mothers and offspring during the breakup of families is examined in paper III in 

order to determine how this potential conflict is solved. 

In some instances mothers may terminate maternal care at an early stage, before 

offspring are capable of surviving on their own. This behavior is observed in both birds (e.g. 

Yorio and Boersma 1994) and in mammals (Fairbanks and McGurie 1995) and is often 

associated with very poor nutritional conditions, i.e. when it is unlikely that the parents are 

capable of successfully raising the offspring or because it may be too expensive for the 

parents. A similar, but in some ways different situation appears when mothers for some 

reason give birth to unusually small clutches or litters or the clutch/litter size is reduced e.g. 

due to predation. Whereas Mendl (1994) suggested that mothers should increase investment in 

such small litters to produce large and competitive young, Verboven and Tinbergen (2002) 

found that great tit (Parus major) parents abandoned reduced litters early in the incubation 

period. For brown bears, which have a long lactation period and young that reach 

independence at 2.5 years of age, Tait (1980) suggested that mothers may benefit by 

abandoning unusually small litters, re-mating and producing a new, larger litter the next year. 

Tait’s (1980) paper is often cited, but nobody has ever tested his model. In paper IV we use 

reproductive parameters from two populations with different litter intervals to model the 

optimal behavior of brown bear females giving birth to single-cub litters. 

Besides provisioning offspring milk, mothers protect offspring from predators (Cote et 

al. 1997; Lingle and Pellis 2002), which enhances offspring survival (Cote et al. 1997). In 

defense of their offspring parents are at risk of being injured or killed (Packer and Pusey 

1983; McLellan 1994; Lingle and Pellis 2002), but in general it has been difficult to find a 

direct link between parental care and survival cost in the parents (Reguera and Gomendio 

1999). Female brown bears can be severely wounded or killed when defending offspring from 

attacking adult males (reviewed by McLellan 1994). As the reproductive value of a litter 

increases with litter size (assuming relatively similar values of all offspring regardless of litter 

size) females should invest more in the defense of large than small litters. Koskela et al. 
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(2000) and Jonsson et al. (2002) reported that female bank vole (Clethrionomys glareolus) 

adjusted their defense against infanticidal males in relation to litter size, and similar results 

have been reported for brood defense in fish (Carlisle 1985) and clutch defense in birds 

(Windt and Curio 1986). In paper IV we tested the hypothesis of maternal defense using cub 

survival data from two brown bear populations, one where infanticide by males was 

considered to be a major cause of cub mortality, and one where infanticide was uncommon. 

Further we examined whether maternal defense had a survival cost.  

Swenson et al (1997; 2001) concluded that infanticide was a major agent of cub 

mortality in Scandinavian brown bears, but older bears might also be killed by conspecifics 

(Garshelis 1994; McLellan 1994; Derocher and Wiig 1999; McLellan et al. 1999). However, 

causes for such killings are not known, although they have been associated with extremely 

poor food conditions (Smirnov and Shurygin 1991). In paper V we report intraspecific 

predation rates on bears older than cubs and seek to document the victims and perpetrators, 

whether yearlings that stay with their mothers survive better than those that separate as 

yearlings, and the reason for intaspecific predation. 

 

Space use in relation to ecological factors and reproductive strategies 

Home ranges are the areas in which animals acquire necessary resources and carry out the 

biological requirements for life (Burt 1943). Home range size is therefore an important 

biological parameter reflecting aspects such as body mass, diet, food abundance and 

dispersion, as well as sex and reproductive strategy (e.g. Clutton-Brock and Harvey 1978; 

Harestad and Bunnell 1979; Sandell 1989; Palomares 1994; Fisher and Owens, 2000).  

McNab (1963) suggested that food controlled home range size through an animal’s size-

dependent metabolic rate and the productivity of its habitat. High food productivity and 

quality allows an animal to meet its energy requirements in a small home range. In 

polygynous and promiscuous species without male parental care, female home range is 

expected to be a function of the availability and spatial distribution of food (Clutton-Brock 

and Harvey 1978; Litvaitis et al. 1986; Sandell 1989; Tufto et al. 1996; Powell et al. 1997). 

Male home range size in this mating system, on the other hand, is proposed to be influenced 

by two limited resources: receptive females and food (Sandell 1989). In polygynous species 

males are usually larger than females (e.g. Clutton-Brock et al. 1977) and larger home ranges 

could thus be due to both an increased movement of males to consort with several females 

and sexual size dimorphism, because of increased metabolic demands in the larger males 

compared to nonreproducing females (McNab 1963). Another factor proposed to influence 
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home range size is population density, and several studies have found a negative relationship 

between home range size and population density (e.g. Mares et al. 1982; Nagy and Haroldson 

1990). In paper VI we test hypotheses proposed to explain variation in annual home range 

size in adult brown bears. 

Male and female strategies for maximizing their reproductive success differ in most 

mating systems, but few studies have focused on how mating may affect range size of females 

in species with a promiscuous mating system. Female marsupials (e.g. Fisher and Lara 1999) 

and ungulates (San Jose and Lovari 1998; Lamberti et al. 2001) are known to roam, increasing 

their ranges during the mating season, and females tend to visit males with higher mating 

success (Liberg et al. 1998). Large ranges in estrous females during the mating season should 

increase the probability of meeting several prospective mates, or just of being mated. Females 

may benefit from this through mate selection, mediated through male-male competition or 

female choice (Andersson 1994), hiding paternity as a counterstrategy against infanticide 

(Ebensperger 1998), fertilization insurance (Gray 1997), sperm competition (Stockley and 

Purvis 1993), and selection of the most genetically compatible sperm (Wilson et al. 1997). 

Infanticide, the killing of conspecific young, may influence the mating system in many 

mammalian species (Agrell et al. 1998; Ebensperger 1998), but also in birds (Hansson et al. 

1997). One proposed explanation for infanticide is that a male may gain mating opportunities 

by killing the dependent offspring of females, because this would shorten the interval to the 

female’s next conception (Hrdy 1979). This sexually selected infanticide hypothesis has 

gained support in several studies of birds (e.g. Smith et al. 1996), social primates (e.g. Borries 

et al. 1999; Soltis et al. 2000), rodents (e.g. Soroker and Terkel 1988) and carnivores (e.g. 

Pusey and Packer 1994), including the brown bear in our study populations (Swenson et al. 

1997; 2001). Swenson et al. (1997; 2001) suggested that sexually selected infanticide was a 

major agent of cub mortality in the southern study population, whereas it was less common, 

but still occurring in the northern study population. As a counterstrategy, females with 

dependent offspring should therefore avoid males during the mating season to increase the 

survival of their offspring (Ebensperger 1998). In paper VII we analyze home ranges during 

the mating and postmating season in relation to male and female reproductive strategies.  
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Aims 
The main aims of this thesis were first to understand patterns of maternal care and how this 

influences offspring size, and second examine how space use is related to ecological factors 

and reproductive strategies in brown bears from an evolutionary perspective. It seeks to 

answer the questions: Which factors influence offspring size? (Paper I) and what 

consequences might this have? (Papers I-II) Why does the length of maternal care vary so 

much (Papers II-IV), and what consequences might this have for the offspring? (Papers II and 

IV-V) Who initiates the termination of maternal care? (Paper III) How does space use vary 

seasonally in relation to reproductive strategies? (Paper VII) and, more generally, which 

factors influence space use in brown bears? (Paper VI). 

 

 

Methods 
Study species 

The brown bear is a solitary carnivore with a circumpolar distribution and inhabiting a variety 

of habitats from arctic tundra through temperate deciduous forest to deserts (Servheen et al. 

1999). In Europe, large viable populations are found in the east and north, whereas the 

populations in southcentral and southwestern Europe are small, isolated, and probably not 

viable (Zedrosser et al. 2001). Brown bears are promiscuous, and during the mating season in 

mid May to early July (Curry Lindahl 1972), a male may mate with several females, and a 

female may mate with several males (Hensel et al. 1969; Craighead et al. 1995). Implantation 

is delayed until November (Renfree and Calaby 1981; Tsubota et al. 1989) and in January, 

when they are hibernating in dens, females give birth to 1-4 squirrel-sized offspring after 6-8 

weeks of effective gestation (Pasitschniak-Arts 1993). Only females care for the offspring, 

which follow their mother for 1.4-3.5 years (McLellan 1994). Throughout the text, cubs refer 

to offspring in their first year, and yearlings refer to offspring in their second year. Females do 

not mate until they have separated from their offspring, resulting in long and variable 

interbirth intervals. Cub mortality rates vary among different populations (McLellan 1994; 

Swenson et al. 1997; 2001) and mortality is much higher in the southern study population 

than in the northern study population (see later description). In the studied populations young 

reach sexual maturity at the age of 3-5 years (Swenson et al. 1995), whereas they usually are 

older in North American populations (McLellan 1994; Hilderbrand et al. 1999).  
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Study areas  

The study was performed in two areas. The southern area (hereafter named south) is situated 

in Dalarna and Gävleborg counties, in southcentral Sweden, and Hedmark County in 

southeastern Norway (61o N, 18o  E) and covers the southern part of the southernmost brown 

bear subpopulation in Scandinavia. The elevation ranges from about 200 m in the 

southeastern part to about 1,000 m in the western part at the Norwegian border, but only a 

minor part of the area is above timberline, which is at about 750 m. Lakes and bogs are 

common, but most of the hilly landscape is covered with intensively managed coniferous 

forest, dominated by Scots pine (Pinus silvestris) and Norway spruce (Picea abies).  

The northern study area (hereafter named north) is situated in the southwestern part of 

Norrbotten County in Sweden (67° N, 18° E). The area is rolling with elevations below 300 m 

in the east, but is dominated by mountains that rise to over 2,000 m in the west. Northern 

boreal coniferous forest dominates, but there are extensive subalpine birch (Betula pubescens) 

forests.  

On average, bears are active from April to November, reflecting the length of the 

snowfree period, which is about a month shorter in the northern study area (Sandegren and 

Swenson 1997). Both areas are sparsely populated by humans. For a detailed description of 

the study areas see Grundsten (1997) and Lundqvist (2002). 

 

General methods 

In mid-April – mid-May brown bears were darted from a helicopter with immobilizing drugs 

(a mixture of tiletamin, zolazepan and medetomidin (Kreeger et al. 2002)). All captured bears 

were weighed and measured and blood, hair, and tissue samples were taken for later analysis. 

Most bears were fitted with radio-transmitters mounted on neck collars or implanted into the 

peritoneal cavity. Radio marked bears were located from an airplane or helicopter using 

receivers and antennas mounted on the aircraft or from the ground using receivers and hand-

held 6-element antennas. All bears were located weekly, but many were located more 

frequently in order to achieve better measures of movements. For more complete descriptions 

of methods see the respective papers. 
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Main Results 
Offspring size (Paper I) 

Body size and mass is reported to have a strong effect on individuals’ fitness, and conditions 

experienced early in life may affect survival to adulthood, age and size at maturation and 

reproductive success. For this reason body size and mass of yearling brown bears were 

analyzed in relation to maternal size, litter size, sex, cohort and population density in two 

study areas in Sweden. The body mass of yearlings varied tremendously, from 8.5 to 48 kg. 

As predicted, yearling body size and mass were positively related to maternal size and 

negatively related to litter size. Males were larger and heavier than females, suggesting that 

mothers invest more in their male offspring in accordance with the sex allocation theory for 

polygynous species, although we could not rule out that males just ate more solid food than 

females. Further, yearling body mass showed a pronounced variance among cohorts, by a 

factor of 1.7. The difference among cohorts was probably a result of changing food 

abundance among years, influencing maternal condition and investment as well as the 

offsprings’ intake of solid food, but data on food availability was not available to evaluate 

this. No significant relationship was found between population density and yearling body size 

or mass, but population density was probably below carrying capacity. Much of the variance 

in body mass of yearlings was due to variation within litters, especially in litters with 3 

offspring, where the heaviest yearling was 30 % heavier on average than the lightest one. This 

suggests that competition among offspring increases with litter size, having a pronounced 

negative effect on the smallest offspring.  

 

Length of maternal care; 1.5 or 2.5 years? (Paper II) 

A fundamental life history traits in animals with parental care is the interval between 

successive reproductions, that is, how long parents should invest in their offspring. 

In a population of brown bears in northern Sweden mothers cared for their offspring for 1.5-

3.5 years. Length of maternal care varied among individuals, but also varied within many 

individuals. Offspring became independent with body masses ranging from 17.5 to 69 kg. The 

probability of yearling litters staying with their mother for a second year decreased with 

increasing yearling body mass and surprisingly was higher for litters with 2 offspring than for 

litters with 1 or 3-4 offspring. Mass gain was higher in yearlings that stayed with their mother 

than in yearlings that separated. The positive effect on yearling mass gain by staying with 

their mothers was most pronounced in litters with 2 offspring. Mass gain of yearlings was 
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positively related with maternal size. At the age of two years, offspring from litters with 2 

offspring were heavier than offspring from litters with 3-4 young and males were heavier than 

females. However body mass was weakly, if at all, related to age at weaning, suggesting that 

prolonged maternal care was mainly a compensation for low yearling body mass. 

 

Family breakup: are young forced to leave? (Paper III) 

Because the timing of family breakup might have different optima for parents and offspring, 

we recorded breakups of brown bear families in southcentral Sweden. Sixty of 63 litters 

separated from their mother as yearlings and the remainder as 2-year-olds. Breakups occurred 

from 3 May to 15 July, which corresponds with the mating season. With few exceptions all 

yearlings within multiple cub litters separated from their mother at the same time. The 

presence of adult males was associated with most breakups and suggests that yearlings were 

forced to depart when the family approached or were approached by an adult male. 

Observations of yearlings in the top of Scots pine trees at breakups both with and without 

adult males present suggest that both the mother and adult males might act aggressively 

towards yearlings. We concluded that family breakup was not initiated by the offspring. After 

separation from their mother, yearlings in 13 of 18 litters with > 1 young stayed together for 

1-22 d before they separated from one another. We observed that yearlings tried to reunite 

with the mother after family breakup in 2 families.  

 

Abandonment and reduced maternal defense as reproductive strategies (Paper IV) 

Here we tested whether two proposed reproductive strategies, abandonment of single cubs and 

reduced maternal defense of small litters, is able to explain observed patterns of cub mortality. 

We modeled the number of offspring recruited to the population when female brown bears 

varied their behavior regarding abandoning single cubs to evaluate if there might be a 

selective advantage for abandoning single cubs. In the southern subpopulation, with a 2-year 

reproductive cycle, females would not gain by abandoning single-cub litters, whereas in the 

northern subpopulation area, females with a 3-year reproductive cycle would gain marginally 

(about 2%) by doing so. Females with single-cub litters did not seem to abandon single cubs 

after leaving the den, but we were not able to judge whether females abandoned single cubs 

shortly after birth. In the southern subpopulation, where sexually selected infanticide (SSI) 

was identified as a major agent of cub mortality, the probability of loosing one or more cubs 

from a litter decreased with litter size. In the northern subpopulation, where cub mortality was 

low and SSI less common, the probability of loosing one or more cubs from a litter increased 
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with litter size. Our results support the maternal invest theory, that mothers invest in offspring 

in relation to their reproductive value. Protecting cubs from males is costly for mothers, as 

they tended to be killed more often by conspecifics than adult females without cubs.  

 

Intraspecific predation (Paper V) 

In this paper we documented 13 cases of intraspecific predation in brown bears in 

southcentral and northern Sweden during 668 bear-years of radiotracking 238 brown bears. 

We found area differences in the rates of intraspecific predation only for yearling females. 

Annual yearling female mortality due to intraspecific predation was higher (0.162, 6 of 38) in 

the south than in the north (no mortality recorded, 28 yearlings followed). No older subadult 

females were killed by other bears. Annual mortality rates due to intraspecific predation for 

males, areas combined, were: 0.032 for yearlings, 0.040 for 2-year-olds, and 0.061 for 3-year-

olds, for a combined rate from age 1 through 3 years of 0.127. Neither population density, at 

the levels we observed, nor reduced food abundance influenced rates of intraspecific 

predation on yearlings in our areas. Intraspecific predation on yearling females was correlated 

positively with the number of adult males that had died 3 years previously and whether any 

adult male had died 2 years previously. Staying with their mother did not significantly reduce 

intraspecific predation among yearlings. 

 

Space use in relation to ecological factors (Paper VI) 

We estimated annual home ranges using 95% minimum convex polygon (MCP) based on 

weekly positions. The estimated male home ranges were larger than those for lone females, 

also after controlling for sexual size dimorphism. The difference between male and female 

ranges was less prominent in the northern study area than in the southern study area. Home 

range size estimates for males and for lone females and females with cubs decreased with 

increasing relative population density. Based on the cost of lactation, home ranges was 

predicted to be larger for females with young than for lone females, but the opposite was true 

regarding females with cubs. Further, range size of females with yearlings was not different 

from that of lone females, but was larger than in females with cubs. Home ranges estimated 

based on a more frequently positioning suggested that the real size of the home ranges were 

more than 1.5 times larger than our estimates based on weekly positions. On a large 

geographical scale home range size estimates decreased markedly with increased food 

abundance. 
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Space use in relation to reproductive strategies (Paper VII) 

Here we used seasonal range size of 93 radio-collared adult brown bears to test hypotheses 

explaining variation in range size in relation to male and female reproductive strategies. Both 

males and estrous females used large ranges in the mating season, but decreased their ranges 

after the mating season. These results suggested that both sexes in this species roam to mate, 

because the results could not be explained by a seasonal change in food availability nor by 

increased foraging movements of estrous females to replenish body reserves after previous 

cub raising. Females with cubs restricted their range size in the mating season and increased 

their ranges in the postmating season. This finding suggests that females with cubs restricted 

their ranges to avoid contact with infanticidal males, an important cause of cub mortality, 

because the proposed alternative explanation; limited mobility of small cubs, was unable to 

explain the small size of mating season ranges. Our results suggest that home range size in 

females is influenced by sexually selected infanticide, selecting for large mating season 

ranges and multiple mating in estrous females to hide paternity and for restricted mating 

season ranges in females with cubs to avoid infanticidal males. 

 

 

Discussion 
Maternal care and offspring size, sex and number (papers I, II, III, IV and V) 

Many studies have found a positive relationship between maternal body mass and 

reproductive parameters. For example in monotocus species (one offspring per reproductive 

event) heavier mothers raise heavier offspring than lighter mothers (Clutton-Brock et al.1988; 

Arnbom et al. 1997; Festa Bianchet et al. 1998) and also commonly adjust sex ratio towards 

males in sexually dimorphic polygynous species (Clutton-Brock et al. 1988). In polytocous 

species (one or several offspring per reproductive event) litter size is reported to increase with 

maternal mass in some species (e.g. roe deer (Capreolus capreolus), Andersen et al. 2000, 

alpine marmot (Marmota marmota), Allaine et al. 1998), whereas such a relationship is less 

evident or absent in American black bears (U. americanus) (Schwartz and Franzmann 1991; 

Miller 1994) and polar bears (U. maritimus) (Derocher and Stirling 1995).  

Positive relationships between maternal size or mass and offspring size or mass have 

been reported in most taxa (reviewed by Clutton Brock 1991), and this seems to be the case 

for bears as well (Derocher and Stirling 1998a, Paper I). Smith and Fretwell (1974) developed 

the first quantitative model of the trade off between size and number off offspring. Because 
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litter size might be positively related to maternal mass (e.g. Allaine et al. 1998; Andersen et 

al. 2000) and maternal expenditure often increases with litter size (e.g. König et al. 1988), 

such a trade off might be masked if maternal traits are not considered. We found that size and 

mass of yearling brown bears were negatively related to litter size (Paper I), in accordance 

with reports from other species (e.g. Rogers 1976; König et al. 1988; Wauters et al. 1993; 

Derocher and Stirling 1998a)  

 The sex allocation theory predicts that mothers should invest more in male than female 

offspring in sexually dimorphic polygynous species (Maynard Smith 1980; Charnov 1982). 

Male yearlings are generally larger and heavier than female yearlings in brown bears 

(Blanchard 1987; Paper I), but length of maternal care was not related to the sex ratio in the 

litter (Paper II). The present study only provides limited support for the sex allocation theory, 

because different feeding patterns of males and females could not be ruled as an explanation 

for the sex difference in yearling size and mass, and we do not know whether males are more 

costly to produce than females. The number of studies that have found differential investment 

in polygynous species is roughly equal to that which have not (Byers and Moodie 1990 and 

references therein), and the sex allocation theory is questionable in polytocous species (Frank 

1990). 

Unfortunately in the present study pregnant females were not weighed in fall, when 

they have stored resources for gestation and lactation. In a typical capital breeder as the brown 

bear, such data are necessary to fully evaluate the effect of maternal characteristics on litter 

size and offspring size. For this reason we used body size as a maternal trait. We could not 

use litter mass as a measure of maternal care, because young bears start to feed on solid food 

shortly after leaving their den, although the lactation peak is during summer. 

The large variation in size and mass of yearlings (Paper I) suggests that offspring size 

at this age is not strongly related to survival and adult reproductive performance, or that 

females are not able to adjust the size of their litter in accordance with the prevailing 

nutritional conditions. If cub size had a strong impact on survival and later reproductive 

success, there should be a general selection for large offspring, and for mechanisms to adjust 

litter size in relation to the prevailing conditions. In bears, fertilization and implantation takes 

place before and after females add lean body mass and fat in the autumn, respectively. In roe 

deer, which also have delayed implantation, the number of corpora lutea (reflecting the 

number of ova released) was positively related with body mass, whereas the implantation 

success was age related, being higher in prime age does than young and old does (Hewison 

and Gaillard 2001). However, the roe deer is a typical income breeder, where energetic cost of 
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reproduction is not meet by stored resources (Andersen et al. 2000). In brown bears, a litter 

size adjustment at implantation in late fall, at the time they know their condition during 

gestation and lactation, could optimize litter size to secure size of offspring under poor 

conditions, but whether such mechanism exist is unknown. Reproductive failure after total 

failure of major food resources has been reported in American black bears (Rogers 1976, 

Miller 1994), but in general it seems that litter size in bears is weakly or not related to 

nutritional conditions (Shcwartz and Franzmann 1991, Miller 1994, Derocher and Stirling 

1995), although differences in litter size among brown bear populations have been associated 

with maternal body mass and food abundance (Hilderband et al. 1999). It might be that bears 

within a single population sacrifice size rather than the number of offspring during poor 

conditions.  

In general offspring of mammals are weaned when they reach a threshold body mass 

(Lee et al. 1991). Brown bears are reported to wean their offspring when they are 1.5-3.5 

years old (McLellan 1994), but why this life history trait exhibits such huge variation is 

poorly understood. Craighead et al. (1995) suggested that females in good condition could 

wean their offspring as yearlings, whereas others weaned their offspring one year later. 

Derocher and Stirling (1995) reported that the proportion of polar bear yearlings that followed 

their mother in western Hudson Bay increased during a period when body mass of most age 

classes decreased. Derocher and Stirling (1998b) argued that yearlings were commonly 

weaned in that population but not in others because yearlings in the western Hudson Bay 

populations were larger than in the other populations. In paper II we found that age at 

weaning was related to body mass of yearlings in spring. Litters with light yearlings had a 

higher probability of being nursed for a second year than litters with heavy yearlings. 

Yearling mass is positively related to maternal size (Paper I) so it seems like larger mothers 

might wean their offspring as yearlings. However as yearling body mass fluctuates among 

years (Paper I) length of maternal care varies between litters in many females (Paper II). 

Little is known about lactation in brown bear females with yearlings, but Hensel et al. 

(1969) reported that 7 of 10 females with yearlings inspected in July or August had substantial 

quantities of milk. Of the 3 without substantial milk, two had little milk in the anterior glands, 

whereas lactation was believed to be arrested in the third. Thus it seems as though most 

yearlings following their mother for an additional year also suckle, which can explain why 

dependent yearlings have a higher growth rate than independent yearlings (Paper II). 

According to the theory of paternal investment parents are expected to adjust investment 

according to the reproductive value of offspring (Clutton-Brock 1991). In brown bears, 
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yearlings in litters with 2 rather than 3-4 offspring had the greatest probability of being cared 

for a second year (Paper II). This was unexpected because we assumed that the reproductive 

value of a litter increased with litter size. However, growth of yearlings in litters with two 

offspring was more enhanced when following their mother for a second year than was the 

growth of yearlings in larger litters (Paper II), probably because the maternal resources 

provided to offspring were not proportional to litter size. Also young in larger litters may 

compete more with themselves in autumn when they feed on berries. 

The time when maternal care is to be terminated might have different optima for 

mothers and offspring (Mock and Parker 1997). Breakup of brown bear families in the 

southern study population was not initiated by the offspring (Paper III), suggesting that the 

offspring would benefit from continued care, as they in fact do (Paper II), whereas mothers 

increase the number of weaned offspring if they wean their yearlings and produce a new litter 

the next year. In the southern study area yearlings were weaned whatever their body mass 

(Paper III), whereas light yearlings in the north had an increased probability to be cared for 

another year (Paper II). Thus environmental conditions associated with light yearlings might 

result in increased litter interval in the northern study area only. This suggests that body mass 

is more strongly related to survival from the yearling age, and adult reproductive performance 

in the northern study area. The actual cause for a stronger relationship in the northern study 

area is unknown.  

Abandonment of offspring before nutritional independence has commonly been 

associated with poor maternal condition (e.g. Keech at al. 2000), but also when mothers give 

birth to unusually small litters (Tait 1980; Lee and Cockburn 1985). Tait (1980) showed that 

female brown bears might increase the number of offspring recruited to the population by 

abandoning single-cub litters, and an extension of this model gave the same result for 

Scandinavian brown bears following a three-year reproductive cycle (Paper IV). However, 

females following a two year cycle, which is common in most European brown bear 

populations, did not gain by doing so (Paper IV). We where not able to judge whether females 

abandoned single cubs in the den, but they probably did not abandon them after leaving the 

den (Paper IV). Under all circumstances the increase in offspring recruited to the population 

by abandoning single-cub litters would be small, because if the proportion of single-cub litters 

born is low, the average female will rarely experience this, and if the proportion of single-cub 

litters increases, so do the chances of producing a new single cub after a abandonment.  

Parents might be expected to adjust their expenditure on parental care in relation to 

variations in its benefits to their offspring and its cost to themselves so as to maximize their 
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fitness (Winkler 1987). Maternal defense against infanticidal males is an aspect of maternal 

care that has immediate cost and benefits, as both the offspring and mother might be severely 

injured or killed in attacks (Packer and Pusey 1983; 1984; McLellan 1994). In brown bears, 

the probability of loosing one or more cubs during the summer decreased with litter size in an 

area where sexually selected infanticide (SSI) was suspected to be a major cause of cub 

mortality (Paper IV). This pattern was the opposite from what we found in a population where 

SSI was less important. Thus there appeared to be a positive relationship between maternal 

defense and litter size in the population where SSI was common (Paper IV). Similarly, 

parental defense is found to be positively related to brood size in fish (Carlisle 1985), birds 

(Windt and Curio ) and rodents (Koskela et al. 2000, Jonnson et al. 2002). Maternal defense 

in brown bears was dangerous for females and caused the only recorded natural mortalities in 

adult females (Paper IV). 

Mattson et al. (1992) and Mordosov (1993) suggested that intraspecific predation was 

mostly confined to yearlings and other subadults. Results from Scandinavia confirms this 

(Paper V), but adult females caring for cubs were also killed during the mating season (Paper 

IV). Survival is usually higher in offspring following their mother because she defend them 

against predators (Mastripieri 1992). However there was no difference in predation rate 

between weaned yearlings and yearlings still following their mother (Paper V), which suggest 

that the main benefit obtained by yearlings by following their mother for a second year is 

increased growth (Paper II). Swenson et al. (1997; 2001) found that cub mortality was 

elevated 1 and 2 years after adult males died in an area. The number of adult males killed 3 

years previously and whether a adult male died 2 years explained part of the temporal 

variation in intraspecific predation on female yearlings (Paper V). This similarity of the 

results on cub mortality and predation on yearlings underlines that the killing of adult males 

might have a strong demographic effect.  

 

Home ranges in relation ecological factors and reproductive strategies (Papers VI and 

VII) 

Sandell (1989) analyzed reported home range sizes for solitary carnivores and found that on 

the average, males had larger annual home ranges than expected from metabolic needs. 

Sandell (1989) argued that the larger home ranges in males than females reflects the 

polygynous/promiscuous mating system, in which males may increase fitness by roaming 

over large areas to consort females. Later work supports this suggestion (e.g. Clutton-Brock 

1989; Fisher and Lara 1999; Papers VI and VII). More interestingly, the metabolic hypothesis 
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did not explain variation in home range size among female brown bears of different 

reproductive categories either (Paper VI). Estrous females used larger areas in the mating 

season than in the postmating season, most likely to enhance opportunities to meet 

prospective mates, thus allowing increased mate selection opportunities (Paper VII). This 

result was consistent with findings in other polygynous species (Alt et al. 1976, Rogers 1987; 

Rootes and Chabreck 1993; Labisky & Fritzen 1998; Liberg et al. 1998; San Jose and Lovari 

1998; Fisher and Lara 1999). Mating with several males will also increase paternal 

uncertainty, thereby possibly reducing the probability of loosing dependent offspring to 

infanticidal males (Hrdy 1979; Ebensperger 1998; Soltis et al. 2000). Thus, sexually selected 

infanticide may represent another selective pressure favoring roaming in estrous females.  

Avoidance of infanticidal males has been proposed as a counterstrategy against 

infanticide (Wielgus and Bunnel 1995; Ebensperger 1998). In accordance with this brown 

bear females with cubs increased their range size from the mating season to the postmating 

season and used smaller ranges than estrous females and females with yearlings during the 

mating season (Paper VII). Alternative explanations for such changes in seasonal range size 

were rejected, suggesting that females decreased their ranges in the mating season to avoid 

contact with males (Paper VII). Several studies have reported restricted movements in females 

due to the presence of cubs (Lindzey and Meslow 1977, Hirsch et al. 1999). However, no 

authors have discussed whether these restricted movements were actually due to low mobility 

of the cubs, which is an unlikely explanation considering their high activity levels (Powell et 

al. 1997), or whether this was an adaptive behavior by the female to avoid contact with 

conspecifics, as we suggest. Although the evidence for female avoidance of infanticidal males 

as a counter strategy to infanticide is rather limited (Ebensperger 1998), it has been suggested 

to be operating in brown bears (Murie 1981; Wielgus and Bunnel 1995). 

It is generally believed that females utilize the minimum area that meets their energy 

requirements (e.g. Tufto et al. 1996 for roe deer). In brown bears, home range size varies 

inversely with population density (Nagy and Haroldson 1990, Paper VI), but in contrast to 

most other studies, food availability was ruled out as an explanation for the observed 

population density effect in Scandinavia (Paper VI). Female black bears are reported to 

extend their home range into areas left vacant when neighboring females were killed (Rogers, 

(1977), so the density effect was most likely due to interactions and competition among 

individuals (Paper VI), as has also been reported in voles (Microtus californicus, Ostfeld 

1986; M canicaudus, Wolff and Schauber 1996). Assumptions about home range size are 

sometimes used when estimates of population size are carried out (Linnell et al. 1998). The 



 27

inflated population estimates of brown bears in Norway during the 1970-80’s (e.g. Kolstad et 

al. 1986) might have been influenced both by dispersing male bears from Sweden, and the 

large home ranges used by bears at very low population densities. (McLoughlin et al. 1999) 

reported that home range size in North American bear populations was negatively related to 

net primary production. We found that brown bear home range size decreased with food 

abundance when including data from the rest of Europe (Paper VI). Thus, food abundance 

sets the scale within which other factors might work.  

 

 

Perspectives 
In this thesis I have explored some reproductive strategies/life history aspects in the brown 

bear, a challenging species to study, because stable funding is needed for many years 

(decades) to obtain sample sizes and time spans necessary for such analyses. Paper I explored 

size and mass relationships in yearling brown bears, and is so far the most comprehensive 

study of this topic in this species. Especially interesting was the strong cohort effect, which to 

my knowledge has not been reported previously in any bear species, except for a long-term 

trends of decreasing body mass of Yellowstone brown bears after dump closures (Blanchard 

1987) and of body mass of polar bears in Western Hudson Bay (Derocher and Stirling 1995), 

associated with earlier break up of the sea ice due to long-term warming (Stirling et al. 1999). 

The cohort effect in we found yearling body mass probably had an effect on the age at 

weaning in the northern study area (Paper II). Nursing yearlings are energetic costly 

(Hilderbrand et al. 2000), because yearlings are provided milk (Hensel et al 1969), and our 

findings imply that reproductive cost is likely to be more pronounced in the northern study 

area in years with low food availability, because many females then nurse their yearlings for a 

second year, thereby postponing their next litter by one year. Why light yearlings are cared for 

a second year in the northern population, but not in southern population is still an unanswered 

question. Future work will hopefully give an answer. 

 We found that females probably adjust their defense of offspring in relation to their 

litter size (Paper IV). Such a relationship has been reported in some species of fish (Carlisle 

1985) birds (Windt and Curio 1986) and rodents (Maestripieri and Alleva 1991; Koskela et al. 

2000; Jonnson 2002), but not in larger mammals. Furthermore, most of these studies have 

used a predator dummy and recorded vigilance and aggressive behavior, whereas we recorded 

mortality of offspring and mothers. Sexually selected infanticide might alter the expected 
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pattern, that the probability that 1 or more offspring are lost from a litter increases with 

increasing litter size, to a decreasing probability of loosing one or more offspring from a litter 

with increasing litter size. I encourage others to investigate this topic in other populations and 

other species  

Unfortunately the majority of studies of home range size have been purely descriptive, 

and at best only analyzed home range size in relation to ecological factors. The common 

perception that home range size of females is only related to food might be to simplistic, as 

other factors might also be important. We identified sexually selected infanticide and 

counterstrategies against it to be important in brown bears (Paper VII), and this might also 

influence home range size in other species where sexually selected infanticide occurs (see van 

Schaik 2000). In estrous females large ranges in the mating season can be a strategy for mate 

selection (Andersson 1994) and/or paternity confusion (Ebensperger 1998). Genetic analyzes 

confirm mixed paternity in ? % of the litters with more than 2 cubs (Bellemain et al. unpubl.). 

Although sexually selected infanticide was considered to be far less important in the northern 

study area, this is probably a temporal phenomenon. In most of the study period few adult 

males (for several years only one large adult male) were present in the study area. Due to high 

mortality in the surrounding population in the east, south and north and unsuitable mountains 

in the west, immigration to the study area was severely limited (Swenson et al. 2001). Several 

three-year-old males were able to mate successfully (Bellemain et al. unpubl.), but were 

probably less likely to kill cubs of similar sized or larger females. Because sexually selected 

infanticide probably has been important in a evolutionary time span, reproductive strategies of 

females in the north to avoid infanticide by multimale mating by estrous females and reduced 

home range size in the mating season when caring for cubs are likely to be present also during 

periods when infanticide is less likely. The low cub mortality in the northern study area might 

also suggest that the counterstrategies are effective. Higher cub mortality rates during the two 

last years indicates that cub mortality rates likely will increase in the future after some adult 

males are shot from a population with a more normal sex structure. 

During the coming years the data collected by the Scandinavian Brown Bear Research 

Project will allow us to delve deeper into several aspects unexplored in this thesis. Among the 

important topics to investigate is the relationship between offspring size and later 

reproductive success. That is, does the size difference early in life last into adulthood or does 

it vanish due to compensatory growth; and how does size, mass and condition influence 

reproductive success? Immobilizing females that we expect are pregnant in the fall would 

enable us to explore the relationship between maternal size, mass and condition on litter size 
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and offspring growth and survival. A study of the reproductive physiology of brown bears in 

the study populations will start this fall. Also the relationship between yearling body mass, 

litter size and length of maternal care should be further analyzed, and preferably such 

analyzes should include North American populations. Among North American brown bear 

populations, reproductive rate is positively related to body size (Hilderbrand et al. 1999). 

European brown bears have higher reproductive rates than North American brown bears 

(Sæther et al. 1998), although the European bear is somewhat smaller than most interior bear 

populations in North America. This continental difference might be a result of selection for 

higher reproduction in Europe due to human persecution during the last millenium in Europe, 

whereas in North America the brown bear was wiped out in less than a century, a time span 

too short for evolutionary changes in a species with a long generation time.  
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Abstract 
Body size and mass have a strong effect on an individuals’ fitness, and conditions experienced 

early in life may affect survival to adulthood, age and size at maturation and reproductive 

success. For this reason body size and mass of yearling brown bears (Ursus arctos) were 

analysed in relation to maternal size, litter size, sex, cohort and population density in two 

study areas in Sweden. Body mass of yearlings varied from 8.5 to 48 kg ( X  = 24.5 ± 0.5 (SE) 

kg). As predicted, yearling body size and mass were positively related to maternal size and 

negatively related to litter size. Males were on average larger and heavier than females, 

suggesting that mothers invest more in their male offspring in accordance with the sex 

allocation theory for polygynous species, although we could not rule out the possibility that 

males just ate more solid food than females. Yearling body mass showed a pronounced 

variance among cohorts, by a factor of 1.7. The difference among cohorts was probably a 

result of changing food abundance among years thereby influencing maternal condition and 

investment, as well as the offsprings’ intake of solid food, but data on food availability was 

not available to evaluate this. No significant relationship was found between population 

density and yearling body size or mass, but population density was probably below carrying 

capacity. Much of the variance in body mass of yearlings was due to variation within litters, 

especially in litters with 3 offspring, where the heaviest yearling was on average 29.5 ± 2.8 

(SE) % heavier than the lightest one. This suggests that competition among offspring 

increases with litter size, thereby having a pronounced negative effect on the smallest 

offspring. Survival of radiomarked subadult brown bears tended to increase with increasing 

body size. 

 

Key words: body mass, maternal effects, population density, litter size, Ursus arctos 
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Introduction 
Body mass is one of the most important factors affecting an individual’s fitness. Body mass at 

birth or weaning/fledging is usually positively associated with early survival (e.g. Baker & 

Fowler, 1992; Festa-Bianchet et al., 1997), and even with survival to adulthod (e.g. Albon, 

Clutton-Brock & Guinness, 1987). Additionally, body mass at birth or weaning is reported to 

be positively correlated with body mass later in life (Schultz & Johnson, 1995; Birgersson & 

Ekvall, 1997), size as adults (Myers & Master, 1983; Albon et al., 1987; Festa-Bianchet, 

Jorgenson & Reale, 2000), and lifetime reproductive success (Festa-Bianchet et al., 2000; 

Steinheim et al., 2002). Thus, conditions experienced during early development influence 

growth, survival and later reproduction in birds and mammals (Lindström, 1999). Body mass 

measurements of offspring just prior to the separation from their mothers varies considerably 

in many species e.g. alpine marmots (Marmota marmota), (Allaine, Graziani & Coulon, 1998) 

and polar bears (Ursus maritimus) (Derocher & Stirling, 1998). Because body mass may have 

a pronounced effect on survival and reproductive success it is important to explain this 

variation.  

Brown bears (Ursus arctos) exhibit large seasonal fluctuations in body mass because 

they store adipose tissue during summer and fall for winter hibernation (Hildebrand et al., 

2000). Thus, body mass of brown bears is a function of both skeletal size and body condition 

(both muscles and stored fat). For this reason we analysed skeletal size (hereafter body size) 

and body mass separately, although most previous studies only have focused on body mass.  

We considered 5 factors that are likely to affect body size and mass. Maternal size. 

Larger females may produce larger and heavier offspring (Myers & Master 1983, Clutton-

Brock, Albon & Guinness, 1988; Wauters, Bijnens & Dhondt, 1993; Arnbom, Fedak & Boyd, 

1997) and offspring of larger mothers may show increased pre weaning growth (Myers & 

Master, 1983, Arnbom et al., 1997; Barbraud et al., 1999). Most studies have used maternal 

mass as the maternal trait (citations). We measured mothers and offspring near the end of 

maternal investment. No measurement of maternal body mass was available at implantation or 

birth. Due to ethical reasons females were not captured in spring when they leave the den, 

because capture them might have increased cub mortality. For this reason we used maternal 

size as the maternal trait in the analyses. We predicted (1) a positive relationship between 

maternal size and offspring size and mass.  

Litter size. Life history theory predicts a compromise between the number and size of 

offspring (Smith & Fretwell, 1974), and such a negative relationship has been reported in a 
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wide variety of taxa (see Lloyd, 1987 and Roff, 1992 for reviews). Thus we predicted (3) a 

negative relationship between litter size and body size and mass.  

Sex. It is generally accepted that in species where the variance in reproductive success 

is greater in one sex and where parental investment influences reproductive success, parents 

should invest more in the sex with the highest variance, which in polygynous species usually 

is the male (Trivers, 1972; Maynard-Smith, 1980). In brown bears, little is known about the 

relationship between body size and mass early in life and in adulthood. The assumption that 

parental investment influences reproductive success therefore remains untested. However, 

since adult males are on average twice as heavy as females, body size and mass are suspected 

to positively affect male mating success (LeFrank et al., 1987), as is reported for other 

polygynous species (e.g. McElligott et al., 2001). On this background we predicted (2) that 

yearling males should be larger and heavier than females, both within and among litters.  

Cohort. Changing food availability among years might have a pronounced effect on 

maternal condition and the transfer of resources from mother to offspring, thus affecting 

offspring growth rate and body mass (e.g. Ono, Boness & Oftedal, 1987; Allaine, Graziani & 

Coulon, 1998). Additionally, cubs feed on solid food especially after the lactation peak 

around midsummer (Farley & Robbins 1995). Preliminary analyses suggest that yearling body 

mass differs among cohorts (Swenson et al., 2001a). Although no measurements exist from 

the study areas food availability most likely varies among years because food habits seem to 

show such yearly variation (Opset, 1998; Nilsen, 2002). For this reason we predicted (5) that 

body size and mass of yearlings should differ among cohorts.  

Population density. In general, an increase in population density will increase 

competition for food. This might result in a decrease in body mass as have been reported in 

ungulates (e.g. Hjeljord & Histøl, 1999) and birds (e.g. Cooch et al., 1991), but this have to 

our knowledge not been demonstrated in bears. Studying a continuos population ranging from 

low to high density, we predicted (4) that body size and mass should decrease along a gradient 

of increasing population density. 

 Most studies concerning offspring size have explained offspring size or mass in 

relation to environmental conditions, maternal traits, litter size and sex (e.g. Allaine et al. 

1998, but see Gaillard et al., 1998) and rarely focused on the variation in offspring size within 

litters. Comparisons of offspring within litters should also be a powerful way to test for sex 

differences because it removes the “noise” introduced by other factors. Gaillard et al. (1998) 

reported that variation in growth within litters increased with litter size in roe deer (Caperolus 

capreolus), and in polar bears Derocher & Stirling (1998) found that the difference in body 
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mass between siblings in triplet litters was approximately 3-6 times that found in twins. They 

argued that the disparity in mass of individuals in triplets might represent competition among 

siblings for milk, because mothers may be constrained in their ability to control the variation 

in offspring size. Although brown bears have 6 functional mammae, compared to 4 in polar 

bears, litter size in brown bears is on average larger than in polar bears (Derocher & Taylor 

1994, McLellan 1994). Based on the findings of Derocher & Stirling (1998) and Gaillard et 

al., (1998) we predicted (6) that variation in offspring size and mass within litters increases 

with increasing litter size.  
Early survival (Baker & Fowler, 1992; Derocher & Stirling, 1996) and survival to 

adulthood (Albon et al., 1987; Festa Bianchet et al., 1997) is generally positively associated 

with offspring size, so we predicted (7) that subadult survival (1 to 3 years old) should be 

positively related to yearling body size and mass. 

 

Methods 
Study areas 

The study was performed in Dalarna and Gävleborg counties, south central Sweden (61o N, 

18o  E) and southwestern Norrbotten County in northern Sweden (67° N, 18° E). The 

landscape is covered with coniferous forest, dominated by Scots pine (Pinus sylvestris) or 

Norway spruce (Picea abies), but in the northern study area mountains rise to over 2000 m, 

and subalpine forest dominated by birch (Betula. pubescens) and willows (Salix spp.) are 

common. Both areas are further described in Dahle & Swenson (2003a). In the southern study 

area, 95% of the litters are weaned as yearlings (Dahle & Swenson 2003b) whereas only 53% 

of the litters are weaned as yearlings in the North (Dahle & Swenson  2003c). 

 

Capture and handling 

Yearling brown bears and their mothers were immobilised from a helicopter in mid-April in 

the southern study area and early May in the northern study area, shortly after den emergence. 

We used 2.5 mg Tiletamin, 2.5 mg Zolazepam and 0.02 mg Medetomidin per kg to 

immobilize the bears. Atipamezol was used as an antidote for Medetomidin (5 mg per 1 mg 

Medetomidin) (Kreeger, Arnemo & Raath 2002). Until 1998 most yearlings were equipped 

with radiotransmitters mounted on neck collars or implanted into the peritoneal cavity. 

Immobilised bears were weighed and skull circumference (measured in front of the ears) and 

body length (from the tip of the nose to the tail root) were measured with a tape measure. We 
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combined body length and scull circumference through a principal component analysis to 

produce an index of skeletal body size of yearlings (hereafter body size) and an index of 

skeletal size of mothers (hereafter maternal size). This procedure is likely to be a more 

reliable indicator of skeletal size than a single measure, such as body length (Green, 2001), 

and should reflect skeletal dimensions, rather independent of body condition. Because the 

bears were captured within a 2-week period in each study area, we did not adjust body size or 

mass for capture date.  

Cub mortality was higher in the southern than the northern study area, but in both 

areas most of the cub mortality took place in May-June (Swenson et al., 1997; 2001b), before 

the lactation peak during summer (Farley & Robbins, 1995). For this reason statistical 

analyses were carried out twice, using both litter size in spring (counted after leave the den) 

and in fall (before den entrance). When unmarked females with yearlings were captured, the 

number of yearlings present was assumed to reflect the number of cubs present the previous 

fall. 

 

Relative population density estimates 

In Sweden, female bears are concentrated in four geographically isolated areas termed 

reproductive areas (Swenson et al., 1994). In general, the relative density is halved about 

every 24 km from the centre of a reproductive area towards the edge (Swenson, Sandegren & 

Söderberg, 1998). This density gradient is a result of a sustained increase in population size, 

both in density and in distribution (Swenson et al., 1995; Swenson et al., 1998). The 

population growth rate was about 16% annually during the period 1985-1995 (Sæther et al., 

1998), but decreased to about 3% afterwards, due to an increase in bear hunting offtake 

(Swenson et al., unpubl. data). During the study period (1985-2002) the population has 

expanded its distribution (Swenson et al., unpubl. data) so we estimated the increase in 

population density to be 10% annually in the period 1989-1995 and 2% thereafter. We 

combined the spatial (see Dahle & Swenson, 2003a) and temporal density aspects to produce 

a relative density index for each bear at a given distance from the centre of the reproductive 

area in a given year. 

 

Statistical analyses 

Because we wanted to examine the relationship between body mass and several categorical 

and covariate factors, we used General Liner Models (GLM) in our analyses. To select the 

most appropriate model we used the Akaike’s Information Criterion (AICc, Akaike, 1973, 
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Burnham & Anderson, 1998), corrected for small sample sizes, which is based on the 

principle of parsimony. AICc is defined as AICc = ( )
1
)1(22ˆlog 2

−−
+++

Kn
KKKn σ , where K is the 

number of parameters estimated in the model, and ( )
n

RSS=2σ̂ , where RSS is the residual 

sum of squares. The model with the lowest AICc is assumed to be the one explaining most of 

the variation by using fewest parameters, but models with ∆ AICc < 2 should receive 

consideration in making inferences (Burnham & Anderson, 1998). Two-tailed tests were used, 

and an α level of 0.05 was selected for statistical significance. SPSS/Win v. 10.0 (SPSS Inc., 

Illinois, USA) was used in all statistical analyses. Several females produced more than one 

litter during the study, indicating pseudoreplication. However, litter size varied among 

reproductive events, as well did the size and mass of yearlings. Because the cohort effect was 

also of particular interest in this study we regarded pseudoreplication to be a minor problem. 

 

Results 
We obtained body measurements from 227 yearlings (133 in the south and 94 in the north) 

and their respective mothers during 1989-2002 (Table 1). Yearling mass ranged from 8 to 48 

kg ( X  = 24.5 ± 0.5 (SE)), and body length and head circumference varied from 75 to 133 cm 

( X = 104.1 ± 0.7) and 36 to 48 cm ( X  = 40.3 ± 0.2), respectively. There was a strong linear 

relationship between body mass and size (F1,223 = 501.12, R2 = 0.693, P < 0.001, Fig. 1) and 

the slope of the regression lines did not differ between the sexes (F = 0.226, df = 1, P = 0.64). 

A set of candidate models (GLM) explaining body size and body mass was selected based on 

the predicted relationships and ranked by their AICc values. Yearlings captured in 1989-1991 

were excluded from these analyses due to the small annual sample sizes. Yearling body size 

and mass were positively related to maternal size and negatively related to litter size (Tables 

2-3). The model including litter size in spring and the model including litter size in fall were 

quite similar, but the latter gave a somewhat better explanation of the variance. Males were 

larger and heavier than females.  

Body mass of yearlings varied among cohorts and did not co-vary in the 2 study areas 

(Table 3, model 3, ∆AICc = 0.884), whereas including cohort, study area and the cohort 

*study area interaction term in the model for body size, had an ∆AICc of 22.394, suggesting 

that this model was an overfitting of the data (Table 2, model 3). The cohort effect and the 

cohort*study area interaction explained a large proportion of the variation in yearling body 



 8

mass (Table 2-3, Fig. 2). The estimated marginal mean body mass in a study area differed 

among some years by a magnitude of 1.7 (Fig. 2). 

Population density estimates were only available in the southern area, so we reran the 

GLM for the southern area including population density as a covariate. Population density did 

not explain a significant amount of the variation in body size or mass (P > 0.1).  

We obtained body measurements from all littermates in 40 twin and 37 triplet litters 

for analysis of within-litter variation. For simplicity we focused on body mass only. In twins, 

the heaviest yearling ( X  = 27.9 ± 1.2 kg) was on average 2.8 ± 0.4 kg heavier than the 

lightest yearling ( X  = 25.2 ± 1.2 kg, paired t = 6.61, df = 39, P < 0.001). The average 

difference between the heaviest and lightest littermate in twins was not related to the sex ratio 

in the litter (male litter mates, X  = 3.1 ± 0.8 kg, n = 12, female littermates, X  = 1.9 ± 1 kg, n 

= 10, or mixed sex, X  = 3.0 ± 0.5 kg, n = 18, F2,37 = 0.69, P = 0.51). In twins of mixed sex, 

males were heavier than females by an average of 2.3 ± 0.7 (SE) kg (paired t = 3.42, df = 17, 

P = 0.003). In triplet litters there was also variation in body mass within a litter (GLM 

repeated measurement, F2,35, = 101.1, P < 0.001). The mean mass of the heaviest yearling was 

25.9 ± 0.8 kg, the middle yearling 23.5 ± 0.8 kg, and the lightest 20.3 ± 0.8 kg, all of which 

were different (P < 0.001). In 17 of 24 triplets of mixed sex, the heaviest yearling was a male, 

different from the expected 50:50 (χ2 = 4.167, P = 0.041). The average difference in body 

mass between the lightest and the heaviest littermate was larger in triplets than in twins (5.6 ± 

0.5 kg or 29.5 ± 2.8 % and 2.8 ± 0.4 kg or 12.2 ± 2.2 %, respectively, t = 4.48, df = 75, P < 

0.001). Body mass of all littermates in quadruplets was only obtained in 2 litters, but the 

difference between the heaviest and lightest yearling was 50 and 67% in these litters. 

 During the period 1989-1998, 121 yearlings were radiomarked. Thirteen died at ages 

of 1-3 years from intraspecific predation or unknown causes (all causes except human induced 

mortality). Survival tended to increase with body size as a yearling (Wald = 3.35, df = 1, R = 

0.125, P = 0.067), although body mass seemed to be less important (Wald = 2.60, df = 1, R = 

0.086, P = 0.107). 

 

Discussion 
As predicted (1) body size and mass of yearlings was positively related to maternal size, 

which is consistent with the findings in many mammals (e.g. polar bears Derocher & Stirling, 

1998, red deer Cervus elaphus Clutton-Brock et al., 1988; southern elephant seals Mirounga 
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leonina Arnbom et al., 1997, roe deer Andersen et al. 2000). Although large mothers probably 

invest more resources in their offspring in absolute terms, their relative investment might be 

less than that of smaller mothers (Arnbom et al., 1997). A positive relationship between 

offspring and maternal size might be a result of maternal effects, genetic influences or both 

(Barbaurd et al., 1999), but these factors could not be distinguished here.  

 Body size and mass decreased with increasing litter size as predicted (2), and this is 

consistent with the trade-off between number and size of offspring (Smith & Fretwell 1974; 

Lloyd, 1987) which has been reported in several species (e.g. Foltz, Hoogland & Koscielny, 

1988; Allaine et al., 1998; Derocher & Stirling, 1998). Within-litter variance in offspring 

body mass was larger in litters with 3-4 than 2 offspring as predicted (6). Derocher & Stirling 

(1998) reported the same pattern in polar bear cubs, and suggested that this was a result of 

increasing competition for limited maternal resources (milk), and because mothers might be 

constrained in their ability to control the variation in offspring size (McGinley, Temme & 

Geber, 1987). Thus, from an offspring’s point of view, the size and mass disadvantage of 

being born in a large litter is dependent upon its competitive ability. 

As predicted (3) we found that males were on average larger and heavier than females 

among litters and analyses of within-litter variation revealed that in a litter of mixed sex the 

heaviest yearling usually was a male, supporting the idea that mothers should invest more in 

males than females in sexually dimorphic polygynous species (Maynard-Smith 1980). 

Derocher & Stirling (1998) reported that body mass of polar bear cubs in fall when 8-11 

months old, was not related to sex except in single-cub litters where males were heavier than 

females. We measured yearlings that were 16 months old, but they had been hibernating 

during the last 5.5-6.5 months, and thus the period under maternal investment should be 

similar. Derocher & Stirling (1998) argued that biased maternal investment in male polar bear 

cubs might be impossible because juvenile mortality seemed to be dependent on juvenile size 

(Derocher, Andriashek & Arnould, 1993, Derocher & Stirling, 1996), and investing 

disproportionally in males could increase mortality of female cubs. Although survival of 

subadults (1-3 years old) tended to be positively related to body size as predicted (7), 

mortality in brown bear cubs, at least in the southern study area, seem to be more related to 

social factors (sexually selected infanticide) than environmental conditions (Swenson et al., 

1997; 2001b; Zedrosser et al., unpubl. data). Thus, mothers could probably invest more in 

male than female offspring without sacrificing survival of female offspring. Analysis of 

maternal investment patterns in brown bears when the offspring are 1.4 years old may be 

confounded by sibling competition, sex-biased feeding patterns of solid food (as indicated for 
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bison (Bison bison Wolff 1988) and white tailed deer (Verme 1989), or differences in 

allocation of resources to structural growth and adipose tissue (Arnould, Boyd & Socha, 

1996). The latter explanation is nevertheless unlikely, as the slopes of the regression lines 

between body size and body mass did not differ between males and females. Green and 

Rothstein (1991) argued that sexual size dimorphism in bison probably is mostly a result of 

different postweaning growth rates and a longer period of growth in males (10 years) than in 

females (6 years). Since the sexual size and mass differences we recorded in yearling brown 

bears were small, questions arise as to their significance in terms of total maternal investment. 

The cohort effect in yearling body mass (prediction 4) was probably related to 

different food availability. Brown bears, which are typical capital breeders, largely relies on 

stored resources for reproduction. Thus, early maternal expenditure is dependent on the food 

availability the summer and especially the fall when pregnant females add adipose tissue and 

muscles for meeting her own metabolic needs as well as the energetic costs associated with 

gestation and lactation during hibernation. The food availability the year cubs are born 

influence lactation during summer and fall as well as the offsprings’ own feeding. For this 

reason it is likely that abundant food in two following years will result in a cohort with heavy 

yearlings. Food availability is likely influenced by climatic conditions, but how they 

influences the various food resources important for bears (moose Alces alces, semi domestic 

reindeer Rangifer tarandus, ants Formica spp and Camponotus spp, grass and forbs, and 

berries Vaccinium myrtillus, V. Vitis-idaea and Empetrum spp Dahle et al., 1998, Persson, 

2000) might be complex and cannot be evaluated here.  

Our results revealed that environmental variation among years and between the study 

areas had a stronger impact on body mass than body size of yearlings. Body mass is a 

function of body size and body condition, the latter thus being more sensitive to food 

availability. Similar results have been reported for juvenile adders (Vipera berus) ( Forsman 

& Erik, 1996) and juvenile greater snow geese (Anser caerulescens) (Reed & Plante, 1997). 

Swenson et al. (2001a) reported that brown bear yearlings in the north were heavier than in 

the south, whereas we did not find any difference in yearling body mass between the areas. 

However, our sample size was considerably larger and collected over a longer time period, 

which would dampen the cohort effects on the average body mass. Also there may have been 

temporal dynamics in body mass with a greater difference between the study areas early in the 

study than later. 

If food abundance was similar throughout the entire study area we would expect that 

individuals in areas with higher population densities should have been smaller and lighter than 
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those living at lower densities, because the per capita food abundance should decrease with 

increasing population density. Contrary to prediction (5) body size and mass in yearlings was 

not influenced by population density, at least at the densities observed in this study. 

Population density was probably below carrying capacity because the population growth rate 

was high (Sæther et al., 1998). Similarly, Andersen & Linnel (1997) reported that a fourfold 

increase in population density did not affect postnatal growth rates in roe deer. When 

population density increases, there may also be a selection for heavier offspring (Clutton-

Brock et al., 1988), and as we measure offspring body mass in yearlings, offspring born small 

may not have survived to yearling age. However this is not likely because no significant 

relationship has been found between population density and cub mortality (Swenson et al. 

2001b). 

We have demonstrated that size and mass of yearlings are influenced by a number of 

factors, but how offspring size and mass influence their later survival and reproduction is not 

well understood. Heavier offspring are often reported to survive better than small ones in 

many species e.g. red deer (Albon et al., 1987); bighorn sheep (Ovis canadensis) (Festa 

Bianchet et al., 1997), polar bear (Derocher & Stirling, 1996). Although we measured 

offspring size and mass as yearlings we assume that their size reflects their size as cubs. In the 

southern study population the major cause of cub mortality seemed to be infanticide by males 

(Swenson et al., 1997; 2001b). There, cub survival was positively related to litter size, 

probably because females defended large litters more than small litters, whereas in the 

northern study area where infanticide was less common (Swenson et al., 1997; 2001b), cub 

mortality seemed to be rather independent of litter size (Zedrosser et al., unpubl. data). 

Because offspring size decreases with litter size the relationship between cub size and survival 

might be complex and differ among populations. Survival from the age of 1 to 3 years was 

weakly related to yearling size. Intraspecific predation caused most of the natural death 

among subadults, and some of the bears that died of unknown causes might also have been 

killed by other bears (Swenson et al. 2001a). Perhaps small subadults are easier to capture and 

kill than larger ones. 

The difference in body size and mass as yearlings might disappear with age if small 

yearlings show compensatory growth. Sikes (1998) reported that size differences at weaning 

in northern grasshopper mice (Onychomys leucogaster) did not persist into adulthood due to 

compensatory growth in small offspring. However, weaned alpine marmots did not show 

compensatory growth (Allaine et al., 1998). In species with multi year growth, such as 

bighorn sheep (Festa Bianchet et al., 2000) and alpine ibex (Capra ibex ibex) (Toïgo, Gaillard 
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& Michallet, 1999), compensatory growth might occur in females (associated with delayed 

maturity), but not in males, because they probably are selected to always gain as much mass 

as possible (Festa Bianchet et al., 2000). On the other hand, Atkinson, Stirling & Ramsay 

(1996) found that body length of 2.6-2.9 year old polar bears was correlated with adult size in 

females, but not in males, suggesting that compensatory growth occurred in males but not in 

females.  

In bears, age of first reproduction appears to be the reproductive parameter that is most 

sensitive to environmental conditions (Noyce & Garshelis, 1994), and unless compensatory 

growth occurs, small yearlings will mature later, which has a negative impact on their 

reproductive success. This might be of special importance in the studied populations where 

expected lifetime is less than the average age at first reproduction, due to a high hunting 

pressure (Swenson et al., unpubl data).  

Dahle & Swenson (2003c) analysed length of maternal care in relation to offspring 

size and litter size in the northern study population and found that the probability that mothers 

cared for offspring for an additional year beyond the yearling age increased with decreasing 

body mass of yearlings. They speculated that yearlings were almost always weaned in more 

southern populations because yearlings are larger in more southern populations (Swenson, et 

al. unpubl.). However, as we did not find any difference in size or mass between the two study 

areas, size or mass of yearlings per se is not able to explain the difference in length of 

maternal care in the two populations 

We concluded that maternal size positively affects size and mass of yearlings and that 

yearling size and mass were negatively related to litter size. Yearling males were larger and 

heavier than females similar to findings in most sexually dimorph polygynous species. Body 

mass of yearlings varied significantly among cohorts, whereas population density in the range 

we recorded did not seem to affect yearling body size or mass.  
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Table 1. Body mass and body size indices (see text for explanation) of brown bear yearlings. 

Litter size is the number of cubs the previous fall. 

Litter size Sex Body mass kg ± SE Body size index ± SE 

  South N North N South North 

One Males  33.8±3.3 5 48 1 0.65±0.49 2.94 

 Females 34,6±4.0 4 22.2±2.8 3 1.17±0.28 -0.02±0.67 

        

Two Males  27.7±1.5 25 29.1±1.8 21 0.27±0.20 0.7±0.25 

 Females 23.0±1.3 23 24.1±1.4 17 -0.05±0.15 -0.05±0.23 

        

Three Males  24.5±0.8 35 22.4±1.3 23 0.13±0.11 -0.35±0.23 

 Females 22.8±0.8 35 21.0±1.2 25 -0.11±0.13 -0.60±0.20 

        

Four Males  13.3±1.2 3 27.8±2.8 2 -1.18±0.29 0.36±0.03 

 Females 10 1 20.8±2.8 2 -1.73 -1.20±0.47 

 



 19

Table 2. General linear models with body size of brown bear yearlings as the dependent 

variable, and maternal size, litter size (number of cubs in the previous fall), sex, cohort, and 

study area (area) as explanatory variables. The models are ranked by their AICc values (the 2 

best models out of a set with candidate models and the global model based on all the 

predictions (after successive exclusion of non significant terms)). Models in italics and 

numbered for reference to the text. ***, ** and * denotes P < 0.001, P < 0.01  and P < 0.05, 

respectively. 

Explanatory variables β SE df F Effect size ∆AICc

1) Maternal size, litter size   2,208 21,55*** 0.172 0 

Maternal size 0.252 0.065 1 14.96*** 0.067  

Litter size -0,498 0.094 1 28.36*** 0.120  

2) Maternal size, litter size, 

sex 

  2 15.95*** 0.188 0.174 

Maternal size 0.250 0.065 1 15.03*** 0.068  

Litter size -0.496 0.093 1 28.50*** 0.121  

Sex                         Male 0.248 0.123 1 4.09 0.019  

3)a Maternal size, litter size, 

sex, area, cohort, area*cohort  

    0.394 22.394

a parameter estimates is not given due to the large number of estimates. 
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Table 3. General linear models with body mass (squared) of brown bear yearlings as the 

dependent variable, and maternal size, litter size, sex, cohort, and study area (area) as 

explanatory variables. The models are ranked by their AICc values (the 3 best out of a set 

candidate models, the best model given with parameter estimates). Models in italics and 

numbered for reference to the text. ***, ** and * denotes P < 0.001, P < 0.01  and P < 0.05, 

respectively. 

Explanatory variables β SE df F Effect size ∆AICc

1) Maternal size, litter size, sex   3,205 26,48*** 0.279 0 

Maternal size 0.249 0.044 1 32.07*** 0.135  

Litter size -0,397 0.063 1 39.08*** 0.160  

Sex                        Male 0.24 0.084 1 8.14** 0.038  

2) Maternal size, litter size, sex, 

cohort 

  13.195 11.42*** 0.432 0.537 

3) Maternal size, litter size, sex, 

cohort, area, cohort*area 

  24,184 10.49*** 0.578 0.884 
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Figure legends 

 

Figure 1. The relationship between body size index and body mass of yearling brown bears 

with the regression lines for males and females. 

 

 

Figure 2. Estimated marginal means of square root of body mass during the period 1992-2002 

in the two study areas. Estimated values are controlled for maternal size and litter size 

(average value of maternal size and litter size). 
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[Fig. 1. Dahle & Swenson] 
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[Fig. 2. Dahle & Swenson] 
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Abstract 
Length of maternal care, i.e. the interval between successfully raised litters, is the most 

important factor explaining the variation in reproductive rate among brown bear Ursus arctos 

populations. In this paper we examine the variation in length of maternal care in radio-marked 

brown bears and its effect on their offspring in northern Sweden. Young stayed with their 

mothers for 1.4-1.5 or 2.4-2.5 (in one case 3.5) years and were weaned with body masses 

varying from 17 to 69 kg. The probability of yearling litters staying with their mother for a 

second year increased with decreasing yearling body mass, and was higher for litters with 2 

offspring than for litters with 1 or 3-4 offspring. Staying with their mothers for a second year 

had a positive effect on mass gain in yearlings and this effect was more pronounced in litters 

with 2 than 3-4 offspring. Body mass of 2-year-olds was weakly, if at all, related to age of 

weaning, suggesting that keeping offspring for an additional year mainly compensated for low 

yearling body mass. If large offspring body mass positively affects later offspring survival 

and reproduction, mothers may be able to optimize the length of maternal care according to 

the litter size and the size of their yearlings.  

 

Behavioral Ecology and Sociobiology (00:00-00) 
 

Key words: litter interval, maternal care, litter size, body mass, Ursus arctos 



 3

Introduction 
Life history theory predicts that animals should show optimal levels of parental investment, 

with energy expenditure for current offspring balanced against the effects on the parents’ 

probability of survival and future reproduction (Roff 1992; Stearns 1992). In most 

polygynous species males provide no parental care and the optimal time span for maternal 

care then depends only on the effect that maternal care has on offspring survival and the 

mother’s future probability of reproduction. Thus, in such species maternal investment should 

be terminated when the fitness pay-off for further investment in an offspring is lower than the 

pay-off for investing in future reproduction.  

Craighead et al. (1995) presented a conditional model based on theories of behavioral 

polymorphism (Maynard Smith 1982) to explain the age of weaning in North American 

brown bears. They argued that females in good condition could wean yearling offspring (at 

least small litters), whereas females in poor condition weaned their offspring as 2.5-year-olds. 

However they failed to determine the factors influencing the cessation of maternal care.  

In this paper we examine variation in the length of maternal care in Swedish brown 

bears. Brown bear offspring separate from their mothers when they are 1.4-3.5 years old 

(McLellan 1994). A female brown bear does not mate until she has separated from her 

offspring, which in nearly all cases coincides with the mating season in late May-early July 

(Dahle and Swenson in press) (Table 1). Thus, accompanying their yearling offspring through 

the mating season increases the litter interval by 1 year, and may impose fitness costs if the 

positive effect of prolonged maternal care on the offspring does not compensate for the loss of 

potential reproduction due to the increased litter interval. Length of maternal care, i.e. the 

interval between successfully raised litters, is more important than litter size and age of 

maturity in influencing the long-term reproductive rate in brown bear populations (Swenson 

and Sandegren 1999). Determining the factors influencing this life history trait is therefore 

very important. The study population is suitable to study this life history trait because 

preliminary data suggested that about 40% of the offspring separated from their mothers as 

yearlings and the rest as 2-year-olds (Swenson et al. 1994). 

According to the resource allocation theory (Williams 1966), maternal investment may 

vary according to litter size, offspring sex, and maternal attributes, such as body mass or 

condition and parity, and environmental factors (see Clutton-Brock 1991 for a review). A 

general trend in the age of weaning seems to be that offspring are weaned when they reach a 

threshold size (Lee et al. 1991), hence the length of maternal investment often varies in 
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relation to nutritional and maternal condition (Trillmich 1986; Cheney et al. 1988; Fairbanks 

and McGurie 1995).  

A trade off exists between the number and size of offspring in a wide variety of taxa 

(Lloyd 1987; Roff 1992). Because the reproductive value of a litter increases with number of 

offspring, we should expect prolonged nursing and care in large litters compared to small 

litters. In species such as the brown bear, which has a long interbirth interval, it may even be 

beneficial for females to abandon single cubs of the year, because they could then produce a 

new and perhaps larger litter the next year (Tait 1980).  

From the general trend that weaning occurs after a given threshold size is reached, and 

because the reproductive value of a litter increases with the number of offspring, we predicted 

that the probability that a litter will stay with its mother for 2 years should be (1) negatively 

related to average yearling body mass and (2) positively related to litter size.  

Any relationship between the probability of staying with the mother for 2 years and 

litter size could be confounded by female size and condition. Litter size has been reported to 

be positively correlated with female condition in many species, including both the brown bear 

(Craighead et al. 1995) and the American black bear (U. americanus) (Samson and Huot 

1995), but no such relationship was reported in the polar bear (Ramsay and Stirling 1988). If 

litter size is positively related to female condition, then Craighead et al.’s (1995) model 

predicts that large litters should be weaned earlier than small ones. However, in contrast with 

Craighead et al. (1995), we include body mass of yearlings, which is positively related to the 

size and condition of their mothers (Dahle and Swenson et al. unpublished data) as a factor to 

explain length of maternal care. Further, in the present study, we consider litter size as 

yearlings, not the number of cubs born, which may be both difficult to assess and different 

from yearling litter size due to both care-independent and care-dependent mortality, although 

the first-year mortality is very low in the studied population (Swenson et al. 2001a). We feel 

that litter size as yearlings is relevant in this context as the options for a mother are to separate 

or not, based on the given number of yearlings, and this decision should be irrespective of the 

number of cubs she gave birth to the previous year.  

If the amount of parental investment partly determines a young’s subsequent adult 

body size, sex allocation theory predicts that parents should then invest more in individual 

offspring of the sex with the greater variance in reproductive success (Maynard Smith 1980; 

Charnov 1982). In polygynous mammals, including the brown bear, adult size of the sexes 

often differs greatly (e.g. Jarman 1983, Swenson et al. unpubl. data), and large adult size is 

likely to increase fitness (survival and/or reproductive success) more in males than in females 
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(e.g. Maynard Smith and Parker 1976; Clutton-Brock et al. 1986, but see Hewison and 

Gaillard 1999). To date, the empirical support of differential parental investment in wild 

mammals is equivocal, but Lee and Moss (1986) and Ono and Boness (1996) found that male 

offspring were weaned at an older age than females. For this reason we predicted (3) that the 

probability of a litter staying with the mother for 2 years should be higher in litters with a 

male-biased sex ratio.  

The theory of parent-offspring conflict (Trivers 1974) assumes that an increase in 

maternal investment will increase offspring fitness. Thus, this theory assumes a positive 

correlation between offspring size or condition at the time parental effort ceases and lifetime 

reproductive success. Lifetime reproductive success is very hard to measure in long-lived 

free-ranging mammals, so with few exceptions (e.g. Festa-Bianchet et al. 2000) some 

surrogate measure of reproductive success must be used. Survival and growth are assumed to 

increase during maternal care (Clutton-Brock 1991), and survival has been reported to be 

positively related to the size at weaning (e.g. McMahon et al. 2000). Growth rate may 

influence the age for attainment of sexual maturity (e.g. Congdon and Sels 1993) and also 

later reproductive success (e.g. Tummaruk et al. 2001). In some ungulates lactating females 

that do not conceive in the following breeding season may continue to nurse their offspring 

through the winter, resulting in increased calf growth rate (Clutton-Brock et al. 1982, Green 

and Rothstein 1991a) and reproductive success of offspring (Green and Rothstein 1991b). In 

Scandinavian brown bears, yearlings that stayed with their mother did not experience 

significantly lower intraspecific predation, perhaps the most important mortality factor except 

human-caused mortality (Swenson et al. 2001b) and the same was found among yearling 

polar bears (all sources of mortality included) (Ramsay and Stirling 1988). For this reason we 

predicted (4) that staying with their mother should positively affect growth rate in yearling 

brown bears. In general, growth rate in young is negatively related to litter size (e.g. Mendl 

1988; Koskela 1998), and thus we predicted (5) that growth rate among yearlings that stayed 

with their mother should be negatively related to litter size, whereas no such effect was 

expected in yearlings that separated from their mother. In accordance with the sex allocation 

theory (e.g. Maynard Smith 1980), several studies have reported faster growth in males than 

females in sexually dimorphic species where males compete for access to females (e.g. 

Clutton-Brock et al. 1982; Lee and Moss 1986) and we predicted (6) faster growth in male 

than female yearlings. 
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Staying with their offspring for 2 years could be a strategy for producing larger and 

more competitive young. If so, this predicts (7) that, at the age of 2 years, offspring weaned at 

this age should be larger than those weaned as yearlings.  

 

 

Methods 
The study was performed in southwestern Norrbotten County, Sweden, (67° N, 18° E) during 

1989-2000. The rolling landscape is covered with coniferous forest, dominated by Scots pine 

(Pinus sylvestris) or Norway spruce (Picea abies), but mountains rise to about 2000 m in 

large parts of the area. There, subalpine forest dominated by birch (Betula pubescens) and 

willows (Salix spp.), as well as alpine areas, are common. Bears hibernate for about 7 months, 

but the length of hibernation may vary according to age, sex and reproductive status.  

Subadult bears (1-2 years old) and their mothers, which had been almost always radio-

marked previously, were darted with immobilizing drugs from a helicopter during early May, 

prior to any separation between mothers and their offspring. We used 2.5 mg Tiletamin, 2.5 

mg Zolazepam and 0.02 mg Medetomidin per kg to immobilize the bears. Atipamezol was 

used as an antidote for Medetomidin (5 mg per 1 mg Medetomidin). Altogether, 110 bears (54 

females and 56 males) were immobilized in 1989-2000, but the present paper is based on the 

capture/recapture of 17 adult females and their offspring. The immobilized bears were 

weighed and measured, and fitted with VHF radio transmitters (adults: Telonics model 500 

with 3 years life-time, yearlings: Telonics model 400 with 1 year life-time) mounted on neck 

collars (until 1996). In 1997-2000 transmitters (Telonics model 400Lwith 4 years life-time) 

were implanted into the peritoneal cavity of yearlings following the surgical procedures 

described in Arnemo et al. (1999). Until 1997, growing bears were recaptured each spring to 

change neck collars and to obtain weights and body measurements. Because bears were 

captured within a three-week period in May, and bears generally do not gain weight during 

this time of the year, we did not adjust mass for capture date. Bears were localized once a 

week from fixed-winged aircraft or helicopter, weather permitting, and the status of yearlings 

and 2-year-olds (separated or following their mother) was determined. Throughout the paper 

weaning is synonymous with the permanent separation of offspring from their mother.  

We combined body length (from the tip of the nose to the base of the tail) and skull 

circumference (measured in front of the ears) through a factor reduction (principal component 

analysis) to produce an index of structural body size of adult females (hereafter maternal 
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size). These measures should reflect structural dimensions and be rather uninfluenced by body 

condition. These body size indices were regressed against body mass to produce indices (the 

residuals) of body condition (Cattet et al. 2002). 

Staying with the mother for (at least) 2 years can be considered to be a binomial 

process. Therefore, to explore which factors influenced the probability that litters stayed with 

their mother for two years, we applied logistic regression analysis that fits a generalized 

model to the data by maximum likelihood techniques (Proc Genmod, logit link function, SAS 

1996) (McCullagh and Nelder 1989). The other statistical tests were executed in SPSS/Win v. 

10.0 (SPSS Inc., Illinois, USA).  

 

 

Results 
Length of maternal care varied among individuals, but also varied within many individuals 

(Table 2). For this reason we treated each litter as independent data in our analyses. Yearling 

litters were made up of 1 (N = 7), 2 (N = 13), 3 (N = 8) and 4 (N = 1) offspring, with an 

average litter size of 2.10 ± 0.15 (SE). For statistical analyses we pooled the litters with 3 and 

4 offspring. Offspring became independent with body masses ranging from 17.5 to 69 kg. 

Using a logistic regression model we tested if yearling body mass in the litter (average 

littermate size), litter size, and sex ratio in the litter, including all possible interactions among 

these factors, affected the probability for staying with the mother for (at least) 2 years. The 

probability of staying with the mother for 2 years increased as predicted (1) with decreasing 

body mass as a yearling (Table 3). Litter size also affected the length of maternal investment, 

but not in the predicted way. The probability of yearlings of a given body mass to stay with 

their mother for an additional year was similar for litters with 1 and 3-4 offspring, but higher 

for litters with 2 young (Fig. 1, Table 3). Contrary to prediction (3) the probability of staying 

for an additional year was not related to the sex ratio in the litter (the average proportion of 

males in litters was 0.49 ± 0.42 (SD))  

Maternal size and condition were not related to yearling litter size (F2,29 = 1.05, P = 

0.36, and F2,28 = 0.957, P = 0.40, respectively). Thus, yearling litter size was not merely a 

function of maternal size or condition, strengthening our findings that the mothers’ 

willingness to invest another year in a litter was higher for litters with 2 offspring than for 

litters with 1 or 3-4 offspring when the yearlings average body mass was the same. 
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Thirty-one yearlings were recaptured as 2-year-olds (Table 4). Due to the small 

sample of litters with one offspring (N = 3) they were excluded from statistical analyzes of 

yearling growth and body mass at the age of 2 year. General linear models explained 44 and 

60% and of the variation in absolute and percent mass gain among young bears during their 

second year, respectively (Table 5). As predicted (4) mass gain (absolute and percent mass 

gain) was higher for yearlings that stayed with their mother than for yearlings that separated 

(Table 5). Mass gain was not related to litter size, but there was a litter size*age-at-weaning 

interaction. A profile plot indicated, as predicted (5), that the positive effect on yearling mass 

gain by staying with their mothers was more pronounced in litters with 2 than 3-4 offspring, 

but that mass gain in weaned yearlings was higher in litters with 3-4 than 2 offspring (Fig. 2). 

Percent mass gain of yearlings was positively related with maternal size, whereas the 

relationship between absolute mass gain and maternal size was less clear (F = 3.03, df = 1, P 

= 0.96). Contrary to prediction (6) mass gain was not higher in males than females (P = 0.18 

and 0.47 for absolute and percent mass gain, respectively). 

The effect of staying with the mother for 2 years was tremendous in some cases. After 

the capture of a mother (BD 1) with 2 yearlings, one of the yearlings (female BD 25) was 

separated from the mother and the female littermate (BD 24) and did not reunite. It is most 

likely that this separation was inflicted by the capture and marking (1 of 2 marking induced 

separations in 85 family groups handled by the research project). However all bears were 

healthy and BD 24 and BD 25 weighed 23.5 and 23 kg, respectively. The next spring, BD 24, 

which stayed with her mother for 2 years, weighed 63 kg, whereas BD 25 weighed only 33 

kg.  

 At the age of 2 years offspring body mass was higher in litters with 2 than 3-4 

offspring (F = 6.69, df = 1, P = 0.016). Offspring weaned as 2-year-olds had only a weak 

tendency, if at all, to be heavier than offspring weaned as yearlings, at the age of 2 years (F = 

2.95, df = 1, P = 0.099). Males only tended to be heavier than females at the age of 2 years (F 

= 3.39, df = 1, P = 0.78), but males also tended to be heavier than females as yearlings (t = 

1.84, df = 26, P = 0.077). Offspring body mass at the age of 2 years was not related to 

maternal size (P = 0.84). 
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Discussion 
Our most important findings were that the probability of offspring to stay with their mother 

for 2 years increased with decreasing yearling body mass, and that this relationship was 

related to litter size, with litters with 2 offspring having a higher probability of staying for 2 

years than litters with 1 or 3-4 offspring (Fig. 3). Staying with their mother also had a more 

pronounced positive effect on growth rate in litters with 2 than 3-4 offspring (Fig. 3). The 

body mass of 2-year-olds was weakly, if at all, related to age at weaning, suggesting that 

prolonged nursing mainly compensated for small size of yearlings, bringing them to about the 

same size as offspring weaned as yearlings by the age of 2 years. 

Derocher and Stirling (1995) reported annual variation in the percentage of yearling 

polar bears that were still following their mothers. Despite annual variation in the proportion 

of yearlings that followed their mothers, the proportion was significantly less in years when 

both yearling and maternal body masses were higher and population density lower. They 

suggested that mothers might wean offspring as yearlings under favorable conditions, whereas 

mothers may keep their offspring for an additional year when conditions are poor. The same 

suggestion was made by Craighead et al. (1995) for brown bears. However, neither Derocher 

and Stirling (1995) nor Craighead et al. (1995) showed this statistically. The negative 

relationship between yearling body mass and probability of staying with their mothers for 2 

years, which we predicted (1) and found, supported these suggestions, as offspring mass and 

condition are positively related to maternal mass and condition (Dahle and Swenson 

unpublished data).  

Craighead et al. (1995) did not find any significant relationship between litter size and 

age at weaning, and Derocher and Stirling (1995) only reported that yearling litter size varied 

annually, but did not analyze this variation in relation to the probability of yearlings following 

their mother for an additional year. Contrary to prediction (2) we found that litters with 2 

offspring had the highest probability of staying with their mother for 2 years. Prolonged 

nursing had a more pronounced positive effect on the mass gain litters with 2 than 3-4 

offspring. Thus the benefit obtained by offspring of staying another year may be reduced in 

large litters. The relative importance of milk transfer to yearlings from their mother compared 

to their own feeding is not known, but milk production by polar bears with yearlings is about 

only 25% of the production by females with cubs (Arnold and Ramsay 1994). However, milk 

production is probably not related to litter size in bears (Arnold and Ramsay 1994) and 

competition for both milk and food would increase with litter size, having a negative impact 
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on mass gain. Hilderbrand et al. (2000) studied body mass and fat content of adult female 

brown bears and suggested that keeping yearlings from spring to fall is as energetically costly 

as nursing cubs during the same period, Thus, nursing yearlings is probably not a cheap 

alternative to mating and raising a new litter the next year.  

Many females varied their length of maternal investment among litters, so it is likely 

that this life history trait is flexible for each litter size, reflecting variation in food availability 

and maternal condition acting on offspring size. As litter size of yearlings was unrelated to 

maternal body size or condition, it is unlikely that the observed effect of litter size on the 

probability of offspring to stay with the mother for 2 years, was related to size or condition of 

mothers. 

Age of weaning was not related to the sex ratio in the litter. This contradicts prediction 

(3), but confirms the results of Craighead et al. (1995). It seems that female brown bears do 

not adjust the length of maternal care in relation to the sex of offspring. 

In sum, it seems that litters with 1 and 3-4 offspring are only kept for 2 years in our 

study area if the yearlings are very small. Rather than being weaned at a threshold body mass, 

as seems to be the general trend for mammals, the litters were weaned as yearlings only if 

their body mass was above a certain threshold. However this threshold was dependent on 

litter size, a result not reported previously, to our knowledge. Our results suggest that females 

assess both the size and number of their yearlings before deciding to end or continue further 

care. 

Young brown bears in northern Sweden were on average weaned earlier than in North 

American populations living under comparable climatic and nutritional conditions (see 

McLellan 1994 for a review). In these populations young are rarely weaned as yearlings and 

most young stay with their mother for 2.4-2.5 or 3.4-3.5 years. In southern Sweden and in 

populations elsewhere in Europe, most brown bears are weaned as yearlings (Danilow et al. 

1993; Swenson et al. 1994; Frković et al. 2001). Brown bear yearlings are heavier in southern 

European populations than in northern European populations (Swenson et al. unpubl. data), 

which may explain why all offspring are reported to be weaned as yearlings in the southern 

European populations.  

As predicted (4) yearlings staying with their mothers gained more mass than yearlings 

staying on their own, and as discussed above, this effect was more pronounced in litters with 

2 than 3-4 offspring. In most species prolonged nursing has a positive effect on the mass gain 

in young ( e.g. Green and Rothstein 1991; Festa-Bianchet et al. 1994), but it is also reasonable 

to assume that mass loss during hibernation may be reduced in bears hibernating together in 
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the same den, as they may save energy by decreasing the surface/volume relationship if 

huddling with conspecifics (Arnold 1990).  

As predicted (5) mass gain was higher in litters with 2 offspring than in litters with 3-4 

offspring. We have previously found a negative relationship between litter size and yearling 

body mass (Dahle and Swenson unpublished data), and as discussed above it suggests that 

resources provided by females are not proportional to litter size and/or that yearlings in large 

litters suffer from competition for other food. We found no significant difference in growth of 

male and female from 1 to 2 years of age, but males tended to be heavier than females at the 

age of two years, which may be explained by a tendency for males being heavier than females 

as yearlings. Mass gain in yearlings was affected by factors other than those we considered, 

because much of the variation remained unexplained in our models. Due to the small sample 

size we were not able to include year as a variable in our models of mass gain. Yearling body 

mass varies among years (Swenson et al. 2001b) and thus growth probably varies among 

years as well.  

Because body mass of 2-year-olds was only weakly, if at all, related to age at weaning, 

it seems that prolonged nursing was mainly a compensation for low yearling body mass. As 

prolonged nursing is energetically costly for the mother and increases the interbirth interval 

by 1 year, reproductive success in 2-year-old bears should be positively affected by body 

mass. Little is known about this relationship in brown bears, but in mammals in general, large 

young survive and reproduce better than small ones (Green and Rothstein 1991b; Festa 

Bianchet et al. 2000; Hall et al. 2001). 

We have used the term maternal care and not maternal investment, because we did not 

measure reproductive costs. However, considering the increased litter interval and the large 

energetic cost associated with nursing yearlings measured by Hilderbrand et al. (2000), this 

maternal care probably reflects maternal investment. 
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Table 1. Reproductive cycles in female brown bears illustrating the effect of varying length of 

maternal care. 

 

 

Time 

Year                   Month 

2-year 

reproductive cycle 

3-year 

reproductive cycle 

0 

 

January 

May 

June 

Cubs born Cubs born 

1 May 

June 

Separates from yearlings 

Mates 

 

2 January 

May  

June 

Cubs born  

Separates from 2-year-olds 

Mates 

3 January 

May  

June 

Separates from yearlings 

Mates 

Cubs born 
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Table 2. Documented length of maternal care for offspring by individual female brown bears 

in northern Sweden. Figures in parentheses refer to the number of litters where sufficient data 

was obtained to include the litter in the logistic regression model.  

Bear Litters nursed for 1.5 

year 

Litters nursed for 2.5 

years 

Litter nursed for 3.5 

years 

BD 1 1 (1) 3 (3)  

BD 7 6 (3)   

BD 10  1 (0)  

BD 16 1 (0)   

BD 18  3 (3)  

BD 23 3 (2) 2 (2)  

BD 25 1 (1)  1 (1) 

BD 27  1 (0)  

BD 33 1 (1) 1 (1)  

BD 46 1 (1)   

BD47 1 (1)   

BD 49 1 (1) 1 (1)  

BD51 2 (2) 1 (1)  

BD 62 1 (0) 2 (2)  

BD 64  1 (1)  

BD 71 1 (0)   

BD 95  1 (1)  

Total 20 (13) 17 (15) 1 (1) 
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Table 3. To test factors that influence the probability that a female keeps her young for 2 

years (versus 1 year) we applied logistic regression statistics (PROC GENMOD, SAS Inc. 

1996). The global model included; whether a litter was kept for two years (0,1) as a response 

variable, and average body mass of yearling(s) in each litter, litter size, and sex ratio as 

explanatory factors. After a successive exclusion of the least significant terms, based on 

likelihood ratio-tests (Type 3-tests), the final model included the variables presented in the 

table. β denotes the regression coefficient, SE denotes the standard error, df denotes degrees 

of freedom, χ2 is the chi-square value of the type 3 test. ** denotes P<0.01. The sample size 

of the final model was n=29. 

 

Explanatory 

variables 

β SE df χ2 

Intercept 5.0143 2.9893 1  

Yearling 

weight 

-0.2521 0.1288 1 7.13** 

Litter size 1 0.1536 1.1563 1 11.15** 

Litter size 2 4.0860 1.7485 1  

Litter size 3 0  0  
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Table 4. Body growth as absolute mass gain ± SE (standard error) and as percent mass gain ± 

SE of brown bears from age 1.4 to 2.4 years and body mass ± SE at the age of 2.4 years. 

Litter size 

 

 

Weaned as 

 

Mass gain (kg) 

X  ± SE 

% mass gain 

X  ± SE 

Body mass of 

two-year-olds 

X  ± SE 

N 

1 1.5-year-old 19.8 ± 9.3 50 ± 10.4 57 ± 20 2 

1 2.5-year-old 15.5 67.4 38.5 1 

2 1.5-year-old 9.3 ± 8.7 28.2 ± 21.1 46 ± 11.1 3 

2 2.5-year-old 30 ± 2.5 122.8 ± 15.2 56 ± 2.5 9 

3 1.5-year-old 15.1 ± 4.2 57.7 ± 13.8 40.1 ± 5.3 7 

3-4 2.5-year-old 20.2 ± 1.4 94.2 ± 9.1 42.4 ± 1.9 9 
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Table 5. To test factors that influence the mass gain (absolute and percent) of yearlings during 

their second year we applied General Linear Models (SPSS. 10.0). The global models 

included; absolute (Abs) or percent (%) mass gain of yearlings during their second year as 

response variables, and age at weaning, maternal size, litter size (2 or 3-4), and sex as 

explanatory factors (including their interactions). After a successive exclusion of the least 

significant terms, the final model included the variables presented. β denotes the regression 

coefficient for variable values in parentheses, *, **, and *** denotes P<0.05, P<0.01 and P< 

0.001, respective; Effect size denotes the proportion of total variability attributable to a factor. 
a is df in the model for absolute mass gain, b is df in the model for percent mass gain. 

Explanatory variables df β SE F Effect size 

  Abs % Abs % Abs % Abs % 

Age-at-weaning   (1.5) 1 -5.2 -26.4 4.4 16.9 12.79** 19.69*** 0.348 0.461

Maternal size  1  14.5  5.2  7.95*  0.257

Litter size              (2) 1 9.8 32.4 4.1 15.5 0.31 0.031 0.013 0.001

Age-at-weaning*litter 

size  (1.5 y. litt. size 2)

1 -15.5 -69.6 7.2 27.7 4.62* 6.31* 0.161 0.215

Intercept 1 20.22 85.0 2.88 11.4 106.86*** 99.28*** 0.817 0.812

Final model 3,24a 

4,23b 

    6.20** 8.60*** 0.437 0.599
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Figure legends 
 

Figure 1. Probability that young brown bears stay with the mother for 2 years rather than 1 

year as a function of average yearling body mass and litter size, based on the multiple logistic 

regression model presented in Table 3. a includes 1 litter with 4 offspring. Real data are shown 

with symbols. 

 

 

Figure 2. Profile plot (interaction plot) of estimated marginal means of percent mass gain of 

yearling brown bears (adjusted for maternal size) in relation to age at weaning and litter size. 

Vertical bars indicate the SE. 

 

 

Figure 3. Conceptual model illustrating the factors influencing the length of maternal care and 

the effect on offspring in brown bears in northern Sweden Litters with one offspring are 

excluded for growth of yearlings and for body mass at the age of 2 year due to the small 

sample size. 
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[Figure 1, Dahle and Swenson] 
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[Figure 2, Dahle and Swenson] 
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[Figure 3, Dahle and Swenson] 
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FAMILY BREAKUP IN BROWN BEARS: ARE YOUNG
FORCED TO LEAVE?
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In brown bears (Ursus arctos), nursing of young .1 year of age has a positive effect on
their growth rate but is energetically costly for mothers and reduces the number of litters
a female can produce during her lifetime. We followed radiomarked families to study their
behavior during the period of family breakup. Yearlings separated from their mothers during
the mating season and most family breakups were associated with the presence of an adult
male, suggesting that termination of maternal care was not initiated by offspring.

Key words: brown bear, family breakup, parent–offspring conflict, Ursus arctos, weaning

Conflicts may arise between parents and
offspring over parental investment (Trivers
1974). The theoretical foundation for con-
flict is sound, but conflicts are seldom ob-
served in nature (Bateson 1994; Mock and
Parker 1997). Most studies on parent–off-
spring conflict have focused on sex-ratio
adjustment or parent–offspring communi-
cation in small organisms (Mock and Park-
er 1997); relatively little information is
available for large long-lived species, in
which conflicts between parent and off-
spring might be expected due to high fitness
differential between them (Clutton-Brock
1991; Clutton-Brock et al. 1982).

In brown bear (Ursus arctos), offspring
separate from their mothers at 1–3 (occa-
sionally 4) years of age (McLellan 1994).
Females do not mate until after they sepa-
rate from their offspring, so maternal care
beyond the mating season could impose a
fitness cost by increasing the interval be-
tween litters, which is the most important

* Correspondent: bjorn.dahle@ibn.nlh.no

factor determining reproductive rate in the
species (Swenson and Sandegren 1999). As
in other large, slowly reproducing species
(e.g., bison, Bison bison—Green and Roth-
stein 1991), prolonged nursing in the brown
bear contributes to increased rate of growth
of yearlings (B. Dahle and J. E. Swenson,
in litt.).

Hilderbrand et al. (2000) reported that
body mass and body fat content in autumn
were similar for brown bear mothers with
cubs or yearlings, and both were lower than
those for lone females (without offspring).
This suggests that energetic costs associated
with tending cubs and yearlings are similar.
In addition, tending yearlings reduces the
number of litters a female can produce dur-
ing her reproductive life. For these reasons,
a conflict between mothers and offspring
over the timing of family breakup might be
expected. Very little is known about the be-
havior of females and their offspring at this
time.

Clevenger and Pelton (1990) and Rogers
(1987) reported on the breakups of several

?1
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families of the American black bear (U.
americanus), but none was observed close-
ly, so behavior associated with the breakups
was unknown. Rogers (1987) argued that
the mother was probably responsible for
breakups because all yearlings separated
from the mother at about the same time.
Clevenger and Pelton (1990) noted that
breakup of families took place before and
during the mating season. Herrero and
Hamer (1977) reported that a pair of twin
yearling brown bears accompanying their
mother moved away when an adult male
approached the family.

Based on Rogers’ (1987) suggestion that
mothers prompt breakups of families, we
predicted that sibling yearling brown bears
should separate from the mother almost si-
multaneously. Furthermore, if mothers ini-
tiate breakup as they enter estrus, they
should be accompanied by adult males dur-
ing or soon after family breakup. The same
predictions can be made if males chase
away yearlings to mate with their mother or
if yearlings benefit by staying with their
mother as long as possible but separate
from her when she is ready to mate, allow-
ing her to produce a new litter. Predictions
of these hypotheses overlap, but the last one
predicts that little aggression is involved in
breakup.

MATERIALS AND METHODS

The study was performed in Dalarna and Gäv-
leborgs counties in southcentral Sweden from
1987 to 2000. The study area (618N, 188E) is
dominated by coniferous forests of scotch pine
(Pinus sylvestris) and Norway spruce (Picea
abies), with deciduous species including birch
(Betula spp.). In mid-April, female brown bears
and their yearling offspring were darted with im-
mobilizing drugs (a mixture of tiletamine, zola-
zepan [Virbac Laboratories, Carros, France], and
medetomidine [Orion Corporation Farmos, Es-
poo, Finland]) from a helicopter. Bears were fit-
ted with radiotransmitters on neck collars, or
these were implanted into the body cavity. Fam-
ily groups were located from the ground using
receivers and handheld 6-element antennas
(Macdonald and Amlaner 1980). All bears were

located weekly, and many were located 1 to sev-
eral times per day during the mating season.
Movements of and distances between mothers
and offspring were estimated with the Ranges V
computer package (Kenward and Hodder, in
litt.).

RESULTS AND DISCUSSION

Timing of family breakups.—We record-
ed family breakups of 33 families, 19 with-
in 612 h and others up to 63.5 days.
Breakups occurred from 3 May to 15 July
(median 22–28 May, when grouped in 7-
day periods; Table 1; Fig. 1). This period
corresponds with the mating season, which
we defined as the period when radiomarked
adult males and females were observed to-
gether (Fig. 1). There was no difference be-
tween median date of family breakup and
observation of adult pairs (Mann–Whitney
U-test, Z 5 0.35, n 5 33 and 50, respec-
tively; P 5 0.73). In contrast, family break-
up in the American black bear might be in-
stigated by the mother before the mating
period (Clevenger and Pelton 1990).

In our study, 24 of 33 litters had .1 year-
ling, and all yearlings within a litter sepa-
rated from their mother within the same
week, with 2 exceptions: both were males
in mixed-sex litters that separated 1–2
weeks earlier than their siblings (Table 1).
Of the 13 most intensively studied families
with .1 yearling, all siblings separated
within 24 h. Sixty of 63 litters separated
from their mothers as yearlings and the re-
mainder as 2-year-olds, as in most Euro-
pean brown bear populations (B. Dahle and
J. E. Swenson, in litt.). In contrast, most
young separate from their mothers as 2- or
3-year-olds in North American populations
of the species (McLellan 1994). Conflict
between mother and offspring over the tim-
ing of family breakup might be expected to
be less in the latter situation because the
gain in fitness of offspring resulting from
staying with the mother probably decreases
with age, and offspring are more likely to
benefit through inclusive fitness if the
mother breeds again. Murie’s (1981) obser-

?4
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TABLE 1.—Breakup of brown bear family groups in central Sweden, 1987–2000.

Mother’s
ID no. Year

Litter
size

Date of family
breakup

Adult male
present?

All yearlings
separated at

the same time?

Time siblings
remained together after
family breakup (days)

1
2
2
2

1987
1992
1994
1996

1
3
2
3

19 May
30 June–1 July
28 May–29 May
18–23 May (1),

31 May–2 June (2)

Yes
Unknowna

Yes
Unknowna

Yes
Yes
No

1–3
3
0

2
3
3
4
5
5
5
5
5
6
7
8

1999
1989
1992
1997
1991
1993
1995
1997
1999
1989
1992
1997

2
2
2
1
1
3
3
2
3
2
2
2

24–25 May
1 June

21–23 June
1 June
9–10 May

17–18 May
20–25 May

6–11 May
26–27 May
29 April–7 May

4–12 June
14 May

No
Yes
Unknown
Unknowna

Unknowna

Yes
Unknown
Unknown
No
Unknown
Unknown
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

7
7
1

5
7–13

4

1
0

8
9
9
9
9

10
11
12
13
14
15
15
15
16
17
18
19

1999
2000
1994
1996
1998
1998
1996
1997
1998
2000
1993
1995
1999
1998
2000
1999
1999

2
3
2
3
2
1
2
2
2
1
2
3
1
1
2
2
2

28 June–2 July
28–31 May
26–27 May
26–27 May
17–18 May
25–27 May
12–18 July

8–15 June
25 April–3 May (1),

10–13 May (1)
8 June

18–19 June
22–29 June

2–10 June
8–16 June

31 May
9 June

25 June

Unknown
Unknown
Unknowna

Unknowna

Yes
Unknown
Unknown
Unknown
Unknown

Unknowna

Yes
Unknown
Unknown
Unknown
Yes
Yes
Unknowna

Yes
Yes
Yes

Yes
Yes
No

Yes
Yes

Yes
Yes
Yes

0
2
5

10–22

0

6
0

a Breakups ascertained with an accuracy of 24 hs and where no radiomarked males were present (about 56% of adult males
were radiomarked).

vations of a mutual inclination of brown
bear families to break up with 2- and 3-
year-old offspring support this view.

Factors associated with family break-
ups.—For the 19 breakups estimated to
612 h, mothers were located with a radio-
marked adult male in 7 cases or observed
with an unmarked adult bear (suspected to
be a male) twice within 24 h after the fam-
ily was last located together (Table 1).
These observations suggest that yearlings
were forced to depart when the family ap-

proached or were approached by an adult
male. Two females were observed alone 10
h after they were last located with their
yearlings, suggesting that no adult males
were present when their families broke up.
In 8 cases no radiomarked adult male was
present during family breakup. However,
because the females were not observed and
only about 56% of adult males were radio-
marked during the study (Swenson et al.
2001), it is possible that unmarked adult
males were present when many of the fam-

?5
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FIG. 1.—Timing of brown bear family break-
up (n 5 33) and observations of radiomarked
adult males and females together (n 5 50) in
southcentral Sweden. Only the 1st observation
of a pair was included for each year.

ilies broke up. Family breakups of brown
bears in North America also have been as-
sociated with the presence of adult males
(Egbert and Luque 1975; Herrero and Ham-
er 1977; Murie 1981), and Rogers (1987)
reported that 3 female American black
bears were joined by males 1–4 days after
family breakup.

Whether yearlings are chased away by
the male or by the mother is not known, but
in 2 cases, yearlings were observed near the
top of scotch pine trees after family break-
up. In 1 case, the mother and an adult male
were resting 300 m away; in the other, no
radiotagged adult male was nearby and the
mother was observed alone 10 h later, so
the mother may have chased her yearling
into the pine. Ternent and Garshelis (1998)
observed that a female American black bear
turned her aggression toward her yearlings
and separated from them after initially de-
fending them against an approaching male.
In the family breakup reported by Herrero
and Hamer (1977), yearlings made several
attempts to reunite with the mother by ap-
proaching her and the adult male, but each
time they ran away, on 1 occasion in re-
sponse to a threatening approach by the
male. Yearlings have reason to fear males
because intraspecific predation is common

in our study population, and the risk of ju-
veniles being killed is highest during the
mating season (Swenson et al. 2001).

Clutton-Brock (1991) and Clutton-Brock
et al. (1982) showed that fitness of yearling
red deer (Cervus elaphus) calves (in terms
of growth and overwintering survival) is
enhanced if they continue suckling, but fit-
ness of the mother is maximized (in terms
of lifetime production of surviving off-
spring) if she is impregnated each year. This
is held to be the weaning conflict with the
most convincing field data (Mock and Park-
er 1997). The situation we report seems
similar, but we do not know the effect of
prolonged nursing on yearlings except that
their growth is increased.

Relationship of siblings and reassocia-
tions of families.—After separation from
their mother, yearlings in 13 of 18 litters
with .1 young stayed together for 1–22
days before they separated from one anoth-
er (Table 1). In other litters, yearlings sep-
arated from their mother and siblings si-
multaneously. Similarly, Murie (1981) re-
ported that brown bear littermates often as-
sociated (for up to 2 years) after separation
from the mother. In contrast, it is uncom-
mon for yearlings of the American black
bear to stay together for even a few days
(Clevenger and Pelton 1990; Rogers 1987).

We observed that yearlings tried to re-
unite with the mother after family breakup
in 2 families. Three siblings were with their
mother at 1200 h on 30 June, but at 1730
h on 1 July they were 7 km from her. One
of the male yearlings was with the mother
at 1630 h on 2 July. However, at 1645 h on
4 July the mother was with a radiomarked
adult male, and the male yearling was 18
km away. In the 2nd case, a single male
yearling was with his mother at 0750 h on
8 June, but at 1640 h on 8 June the yearling
was near the top of a scotch pine, 1.2 km
from the mother; she moved 7 km the fol-
lowing night, but the yearling followed her
and rejoined her the next morning. The
yearling followed his mother for 4 days,
falling behind when she moved (in total,

?3
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more than 50 km during these 4 days), but
catching up with her when she rested. Clev-
enger and Pelton (1990) documented reas-
sociations of 2 American black bear fami-
lies, but Rogers (1987) reported that only 1
of 51 American black bear families reunited
after family breakup, so reunion is probably
not common in bears.
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ABSTRACT: 

We tested whether two proposed reproductive strategies, abandonment of single cubs and 

reduced maternal defense of small litters, explained observed patterns of cub mortality in 

brown bears. We modeled the number of offspring recruited to the population, allowing 

female brown bears to vary their behavior regarding abandoning single cubs to evaluate if 

there might be a selective advantage to abandon single cubs. In the southern Scandinavian 

study population, with a 2-year reproductive cycle, females did not gain by abandoning single 

cub litters, whereas in the northern Scandinavian study area, females with a 3-year 

reproductive cycle would gain marginally (about 2%) by doing so. Females with single cub 

litters did not seem to abandon single cubs after leaving the den, but we were not able judge 

whether females abandoned single cubs shortly after birth. In the southern study population, 

where sexually selected infanticide (SSI) was identified as a major agent of cub mortality, the 

probability of loosing one or more cubs from den emergence in spring to den entrance in fall 

decreased with litter size. In our northern study population, where cub mortality was low and 

SSI less common, the probability of loosing one or more cubs from a litter increased with 

litter size. Our results support the maternal investment theory that mothers invest and defend 

their offspring in relation to their reproductive value (i.e. the number of offspring). Protecting 

cubs from males is costly for mothers, because they tended to be killed more often by 

conspecifics than adult females without cubs. In conclusion, we did not find that females 

abandoned single cubs, although there was a small gain in future reproduction to do so, but 

females did appear to provide less defense of single cubs and small litters where SSI was 

common. 
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Abandonment of dependent offspring has been documented for a variety of reasons in several 

species of birds and mammals (e.g. Fair 1978; Bustnes and Erikstad 1991; Fairbanks and 

McGuire 1995; Szekely and Cuthill 2000). Unprovoked abandonment (i.e. not by human 

disturbance) in mammals has often been associated with reduced maternal condition, for 

example in vervet monkeys (Cercophithecus aethiops sabaeus), infants are rejected by 

mothers at the extremes of the reproductive age-distribution or below a critical body mass 

(Fairbanks and McGuire 1995). Abandonment is most often viewed as detrimental to the 

females’ fitness, because it reduces the number of offspring produced in a lifetime. 

Nevertheless, in species with a variable number of offspring, abandonment of dependent 

offspring by the mother may be a reproductive strategy. A female could increase her expected 

number of recruits to the population by rejecting a single offspring, if she has the possibility 

to produce a second, larger litter within a short time (Tait 1980).  
Reduction of maternal care can have an effect similar to abandonment, if it results in the 

loss of offspring. A situation where reduced maternal care can be of importance exists during 

the mating season, when males may seek mating opportunities by killing dependent offspring, 

i.e. sexually selected infanticide (SSI) (Hrdy 1979). According to the parental investment 

theory, defense of offspring should be related to the reproductive value of the offspring 

(Maynard-Smith 1984). Studies of maternal defense in relation to number of offspring have 

been carried out in fish (e.g. Carlisle 1985), birds (e.g. Windt and Curio 1986) and in 

mammals (e.g. Koskela et al. 2000). Experimental tests of this hypothesis in rodents have 

shown that maternal defense activity increased with the number of offspring (Maestripieri and 

Alleva 1991; Koskela et al. 2000). 

In brown bears (Ursus arctos) the costs of maternal defense are probably independent of 

litter size and can be considerable, because females can be severely wounded or killed by 

males while defending their offspring (Rogers 1987; Garshelis 1994; McLellan 1994). A 

female might be less prone to defend a small litter against infanticidal males in comparison to 

a large litter, simply because the reproductive value is less than that of a large litter. In 

addition, when losing a small litter, the female might be able to compensate this loss by 

subsequently producing a larger litter.  

Empirical tests of theories of reproductive behavior and life history strategies in large 

mammals (> 2kg) are rare, because they require long-term individually based data, such as 

growth patterns, age and size at maturity, or number, size and sex ratio of offspring. Large 

mammals usually occur at low densities, are long-lived and are difficult and costly to follow 

over a long time. Nevertheless, a long-term study of brown bears (Bjärvall et al. 1989; 
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Taberlet et al. 1995; Swenson et al. 1997a; Sæther et al. 1998; Dahle and Swenson 2003a) has 

enabled us to study reproductive strategies and maternal care in this species. The brown bear 

is a suitable species to study these topics, because it has variable litter sizes ranging from 1 to 

4 cubs per litter (Pasitschniak-Arts 1993; McLellan 1994; Schwartz et al. unpublished), 

exhibits 2-, 3-, and 4-year reproductive cycles (Pasitschniak-Arts 1993), and SSI is suggested 

to be the major mortality agent of brown bear cubs-of-the-year during the breeding season in 

Scandinavia (Swenson et al.1997a; 2001).  

Tait (1980) used the brown/grizzly bear as an example to demonstrate abandonment as a 

reproductive strategy. This strategy can only be of selective advantage if a female has the 

ability and the possibility for rapid breeding. Female bears come into estrous only if they are 

not accompanied by dependent offspring. Nevertheless, if a female bear looses her dependent 

offspring prior or during the breeding season, she becomes estrous within a few days (Rogers 

1987; Swenson et al. 1997a) and thus has the possibility to mate and produce another litter the 

next year. In Scandinavia 8 out of 10 females that lost all young gave birth the following year, 

compared with none of 40 that successfully raised cubs (Swenson et al. 1997a). We predict 

that a female brown bear increases her expected number of recruits to the population by 

abandoning a singleton cub prior to or during the mating season.  

Maternal defense and cub survival should depend upon several factors, including social 

and nutritional factors. A major social factor affecting bear cub survival is SSI (Swenson et al. 

1997a; 2001), which probably occurs in varying degrees in bear populations. Because 

offspring defense can be very costly for female brown bears, they should invest more in the 

defense of a large litter compared to a small litter. Thus we predict that in areas where SSI is 

suspected to be a major cause of cub mortality, the probability of loosing one or more 

offspring is negatively related to litter size. Offspring survival has been reported to positively 

correlate with offspring condition and maternal condition (Baker and Fowler 1992; Derocher 

and Stirling 1996; Festa-Bianchet et al. 1997), therefore we controlled for maternal condition 

in our analyses. We should only expect females to adjust their defense in relation to litter size 

if offspring defense would be costly for them. Therefore we predict that females caring for 

cubs should have a higher probability of being killed by conspecifics than other adult females 

(females with yearlings and females without cubs). 
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Methods 

Species Description 

The brown bear has a circumpolar distribution and inhabits habitat types ranging from 

tundra and boreal forest to temperate deciduous forests (Servheen et al. 1999). Age at first 

reproduction, litter size, and interbirth intervals vary among populations and are linked to 

body size and condition, which in turn are linked to nutrition  (Stringham 1990, Hilderbrand 

et al. 1999). In brown bears reproductive longevity was thought to approximate physical 

longevity (Pasitschniak-Arts 1993), but new data presented by Schwartz et al. (unpublished) 

suggest that reproductive senescence occurs approximately at the age of 27. 

Mating occurs in late spring (Dahle and Swenson 2003b); brown bears are known to 

exhibit obligate delayed implantation or embryonic diapause (Renfree and Calaby 1981) and 

implantation is assumed to occur in late November to early December (Tsubota et al. 1989). 

Cubs are born during hibernation in January. Brown bears exhibit 2-, 3-, and 4-year 

reproductive cycles (Pasitschniak-Arts 1993), i.e. after giving birth the female is accompanied 

by her cubs for 1.4-3.4 years. Females accompanied by offspring do not come into estrous or 

mate, but usually do so the same breeding season that the offspring are weaned. Nevertheless, 

after loosing dependent offspring before or during the breeding season, a female bear can 

come into estrous within a few days and mate successfully (Rogers 1987; Swenson et al. 

1997a). 

 

Study Area 

Data for this study were collected in two areas in Scandinavia. The southern study area 

is situated in Dalarna and Gävleborg Counties in south-central Sweden, and Hedmark County 

in southeastern Norway (61º N, 18º E). The northern study area is situated in Norrbotten 

County in northern Sweden (67º N, 18º E). For a detailed description of the study areas see 

Swenson et al. (2001), Grundsten (1997) and Lundqvist (2002).  

The study populations differed in some demographic parameters (Sæther et al. 1998). 

Females of the southern study population have a 2-year reproductive cycle, whereas in the 

northern study area some females exhibit a 2-year reproductive cycle, and others a 3-year 

cycle. Some individuals even switch between 2- year and 3-year reproductive cycles (Dahle 

and Swenson 2003a). The study populations differed significantly in cub survival rates, with 

cub survival being significantly lower in the south (table 2). Swenson et al. (1997a; 2001) 

suggested that SSI in the southern study area was the main reason for the difference in cub 

survival. 
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Field Methods 

During 1984-2001, 326 different bears were captured (203 in the south, 123 in the north), 

of which 284 were radio-collared (172 in the south, 112 in the north). The methods used to 

capture, mark, age and radio locate bears have been described in Dahle and Swenson (2003a). 

We estimated the reproductive success of females by counting the cubs of radio-collared 

females from the air or the ground three times during the year: just after leaving the natal den, 

at the end of the breeding season (late June-early July), and just prior to entering the den in 

fall.  

 

Model of Abandonment 

The following dynamic optimization model considers whether to keep or abandon 

offspring, so as to maximize fitness, defined as the expected future production of offspring 

reared to independence. It extends the model by Tait (1980) by 1) allowing the female's age 

and life/fertility expectancy influence her decision whether to abandon (i.e. true dynamic 

optimization (Mangel and Clark 1988) rather than comparing fixed strategies), 2) including an 

age-dependent risk of reproductive senescence (equivalent to death for fitness considerations), 

rather than having all bears die at the exact age of 25 as in Tait (1980), and 3) allowing all 

kinds of litter-size reduction, rather than considering only abandonment of singleton cubs-of-

the-year. We do not include energy reserves in the state variable of female and offspring, 

because Swenson et al. (1997, 2001) found that cub survival was negatively correlated with a 

condition index based on body mass of adult females and yearlings in Scandinavia. Thus, the 

dynamic optimization model amounts to testing whether the time-savings can justify 

abandoning offspring. 

Females representing the southern study area were modeled using a two-year cycle, 

females representing the northern study area with a three-year cycle. The yearly event cycle of 

the model is shown in fig. 1. In the model we assume that the mother makes her choice 

whether to keep or abandon her offspring at the time of leaving the den. Afterwards she may 

enter reproductive senescence in the current year. She may mate if she has no offspring, 

which can happen for several reasons, i.e. the previous offspring has reached independence, 

all offspring have died before independence, or the female might have abandoned the 

offspring. If the female then mates, she will have 0-4 cubs when leaving the den after 

hibernation (the probability distributions of litter sizes is given in table 1). Offspring have an 

age-dependent survival probability from year to year (table 2). 
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The state of the mother and her offspring can be characterized by 1) the number and age 

of offspring, 2) the mother's reproductive status (immature, mature, senescent), and 3) the 

mother's age. Tait (1980) modelled female bears as a seven-state system, where state 1 

represented a potentially reproductive female with no cubs; states 2, 3, and 4 represented an 

anoestrous female with, respectively, one, two, or three cubs; states 5, 6, and 7 represented an 

anoestrous female with, respectively, one, two, or three yearlings. In the model presented 

here, the state of a female bear is characterized by her fertility status (juvenile, fertile, or 

senescent), and the number (1-4) and age (0+ to 1+) of her offspring in the current litter, if 

any. The females’ age appears explicitly in the equations (see below). Not all combinations of 

these state variables are possible: Juveniles have no offspring, and states with no offspring 

have no associated age. Meaningful state combinations were abbreviated as listed in table 3. 

These states were numbered consecutively as i = 1, 2, … in the computer implementation (see 

table 4 for a list of all symbols for the equations used).  

State transitions in the model can happen for four distinct reasons. Abandonment is a 

behavioral decision and leads to a reduction or elimination of the current litter. Fertility status 

may change by sexual maturation (for juveniles) or reproductive senescence (for fertile 

females), as specified by the model of Schwartz et al. (unpublished). Litter size may change 

by conception and litter bearing (specified by empirical litter-size distributions), thereafter by 

natural mortality of offspring (assumed to be age-dependent, but equal and independent 

among litter mates), and by rearing of offspring to independence. Finally, the age of offspring 

increases by necessity when entering the next year. Figure 2-4 shows the possible state 

transitions by behavioral choice (fig. 2), fertility changes (fig. 3), and litter bearing and 

mortality (fig. 4), for the scenario in table 3. 

Above assumptions yield the following transition probabilities: Pr (Ready before 

upcoming mating season, given Juvenile in current spring): see appendix 1. Pr (Senescent 

before upcoming mating season, given Ready in current spring) see appendix 1. Pr (k cubs 

alive in next spring, given Ready before upcoming mating season) is given by observed litter-

size distributions. Pr (k offspring alive in next spring, given n>0 offspring in current spring) = 

nCk pa
k (1–pa)n–k, where pa is the yearly survival of offspring of age a+ and nCk is the binomial 

coefficient n!/[k!(n–k)!]. 

The following describes the backward optimization procedure: ( ) ( )aigajf
ji

,max,
c∈

=  

identifies 1) the optimal decision and 2) the fitness of an a-year-old female in pre-choice state 
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j. It equals the maximum post-choice fitness a female is allowed to choose under the 

behavioral strategy being examined in fig. 2. 

( ) ( )∑=
i

ij aihsajg ,,  represents the post-choice fitness as a weighted average of the female's 

pre-mating fitness if her fertility status changes, or if it does not change. The weighting 

corresponds to the chances for maturation or not (for juveniles), or the risk of senescence vs. 

the chance of avoiding it (for fertile females). Senescent states have sjj = 0, other states have 

two nonzero sij for each j (fig. 3) 

( ) ( )[ ]{ }∑ ++=
i

ijija aifvtpajh 1,,  represents the pre-mating fitness as the weighted 

expectation, over all possible fates i (fig. 4), of current fitness rewards vij (which are positive 

only for j involving offspring with less than one year left to independence) plus expected 

future offspring production f(i,a+1) given each fate i. It is assumed that that the mother's 

survival (with probability pa) is a prerequisite for offspring survival to independence. 

Above equations can be solved by going backwards one step at a time, provided an end 

condition is specified. We used the end condition ( ) 050, =jf  for all j, equivalent to assuming 

that all bears die at age fifty, if not earlier. The exact choice of end condition has negligible 

impact on the fitness estimates for wild bears living to the end of the known natural lifespan 

of about 30 years (Schwartz et al., unpublished) because it is unlikely that they would live to 

experience the model end condition. 

 

Statistical analyses of cub loss 

We used body mass of yearlings as the basis to construct an index of the general 

condition of the study populations for each year. Rather than using the actual values and just 

controlling for sex (Garshelis 1994; Swenson et al. 2001), we regressed yearling body mass as 

a function of maternal size, litter size and sex. In this way we controlled for maternal size, 

litter size and sex of yearlings, which influence yearling mass independently of environmental 

conditions (Dahle 2003). The standardized residuals from this regression were sorted by study 

area and year and the average value for each year and area was then used as condition index 

in later analyses.  

Loss of cubs as a process can be considered to be binomial, where a female either 

succeeds in raising an entire litter, or she fails, that is loosing one or more cubs. Such data are 

suitable for logistic regression analysis, which fits a generalized linear model of the data by 

maximum likelihood techniques (Proc Genmod, binomial distribution, logit link function, Sas 
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Inc. Institute,1996) (McCullagh and Nelder 1989). To account for overdispersion in the data 

we estimated a scale parameter for a global model that accounted for female number, year and 

area by using the aggregate function in Proc Genmod, for which the deviance was calculated. 

However, the value of the scale parameter was estimated to be only 1.055, which suggests 

that the problem of overdispersion was insignificant, thus the scale parameter was set to 1 for 

further analyses. 

Furthermore, we composed global models that accounted for the effects of multiple 

explanative variables on the probability of successful survival of the litter. Then, after a 

stepwise exclusion of the least significant terms, the final model was revealed. The 

significance of all variables was tested statistically with likelihood-ratio tests (type III-tests, 

McCullagh and Nelder 1989). All tests of significance were two-tailed. 

To select the most appropriate model we used the Akaike’s Information criterion (AICc, 

Akaike 1973; Burnham and Anderson 1998), corrected for small sample sizes, which is based 

on the principle of parsimony. AICc is defined as  

AICc = ( )( )
1
)1(22ˆlog2

−−
+++−

Kn
KKKL θ ,  

where K is the number of parameters estimated in the model, and )ˆ(θL is the log likelihood of 

the model. The model with the lowest AIC is assumed to be the one explaining most of the 

variation by using fewest parameters. To ensure a successful estimation of the likelihood-

function we excluded the year 1989, since only two observations were available. Because all 

models had similar structure and sample size, the respective AIC values from the different 

models were comparable (e.g. Burnham and Anderson 1998). 

 

Results 

Model of Abandonment 

A five-year-old female following a three-year reproductive cycle and representing the 

population average (of litter size distribution and survival in different age classes) of our 

northern study population would gain a 2.2% improvement in the expected number of 

offspring throughout her lifetime if she adopts a “flexible” abandonment strategy (= a female 

can decide if she abandons a single cub or not), and 2.18% improvement if she adopts an 

“inflexible” abandonment strategy (= a females always abandons a single cub) (table 5) 

compared to never abandoning a single cub. A five-year-old female with a two-year 

reproductive cycle and representing the population average of the southern study population 

would gain only a 0.11% improvement by using a “flexible” strategy, and 0.03% when using 
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an “inflexible” strategy. In comparison, Tait’s (1980) original result was a 2.1% improvement 

in the expected number of offspring, but Tait (1980) had chosen the example of an eight-year-

old female, due to the later age of primiparity in North American brown bear populations in 

comparison to Europe. 

 

Statistical analysis of cub loss 

The initial global model of the probability of loosing one or more cubs included the 

following explanatory variables: year, area, condition index, litter size, in addition to the 

interaction terms (area* condition index) and (area*litter size). After a successive exclusion of 

the least significant terms, the final model included the effects of year, area, condition index, 

litter size and the interaction term (area* litter size) (table 6). This model was also best ranked 

according to the AICc (table 7) and suggests that the probability of loosing one or more cubs 

during the summer varies among years. During the 12 years of the study there was a 

significant annual variation in the average probability of cub loss from spring to fall (table 6). 

In particular, this was due to the years 1991 and 2000, where the average loss of litters was 

high. The average proportion of litters that lost one or more cubs varied significantly between 

study areas, and the probability of loss was higher in the south compared to the north (table 

6). There was no significant effect of the condition index or litter size in spring on the average 

probability of successful litter survival from spring to fall (P>0.1 for both tests) when both 

study areas were combined. As predicted, the interaction term between litter size and area 

suggests that in the north the probability of cub loss was low, but increased with increasing 

litter size. In contrast, in the south the probability of cub loss was high, but decreased with 

increasing litter size (table 6, fig. 5).  

Unexpectedly, the condition index also had a positive effect on the probability of 

loosing one or more offspring and was the opposite of what we expected. However, the model 

including area*condition interaction ranked third by AICc (table 7) showed that the 

relationship between condition and the probability of loosing one or more offspring was 

positive in the southern study area, but negative in the northern study area.  

A possible explanation for this unexpected positive relationship in the southern study 

area is that males might have increased their mating season ranges when they were in good 

condition. Increasing their ranges in the mating season may result in increased infanticide 

because it would increase the probability of males meeting females with cubs witch they did 

not mate the previous mating season. Range size during the mating season of radiomarked 

males, as revealed by 100% minimum convex polygon based on positions obtained at 7 days 
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interval, in the southern study area tended to be larger in 1997 (condition index =1) than the 

average pooled size in the two previous and two following years (condition index = -0.26, -

0.05, -0.09 and 0.17 in 1995, 1996, 1998 and 1999, respectively) (paired t = 2.014, df = 6, P = 

0.091).  

We also evaluated the costs of maternal defense. Three adult females (one in the 

northern and two in the southern study area) were killed by males during the study period 

from 1986-2001, and all of them were caring for cubs. These were the only natural mortalities 

in adult females followed for 329 bear years (a bear year reflects an individual bear followed 

for 12 months). The probability of adult females being killed by conspecifics tended to be 

higher for females caring for cubs, including females that lost all cubs after leaving the den 

(three females killed during 138 bear years), than for other adult females (no females killed 

during 191 bear years, Fishers exact test, P=0.076). Two of the killed females had litters with 

three cubs and 1 female had a litter with two cubs.  

 

Discussion 

Abandonment of cubs by female bears for various reasons has been mentioned 

frequently in the literature for American black bears (Ursus americanus) (Fair 1978; LeCount 

1983; Godfrey et al. 2000) and brown bears (Erickson and Miller 1963; Craighead et al. 1969; 

Swenson et al. 1997b; 1998). Most authors relate abandonment to human disturbance at den 

sites of nursing females, in which case the female often abandons her den and thus the cubs 

inside (Swenson et al. 1997b; 2001; Godfrey et al. 2000). Human disturbance after the family 

has left the den can also cause cub abandonment (Swenson et al. 1997b). Fair (1978) 

suggested that that female American black bears do not jeopardize their own survival but 

rather abandon their offspring as a response to severe environmental conditions, and 

Fairbanks and McGuire (1995) suggested the same in their study of the vervet monkey. 

Support for opportunistic abandonment in bears, i.e. abandonment of single offspring 

in order to maximize lifetime reproduction, is to our knowledge very rare in the literature. 

Dean et al. (1992) reported anecdotal observations of grizzly bears that could be interpreted as 

support of Tait’s (1980) hypothesis, however no support for opportunistic abandonment was 

found in polar bears (Ursus maritimus) (Ramsay and Stirling 1986; Taylor et al. 1987; 

Amstrup and Durner 1995). 

The results of our model calculations, whether or not using a flexible or inflexible 

strategy, for the northern study area and recalculation of Taits original data are similar to 

Tait’s (1980) original results, approximately in the 2%-range (table 5). Females in the 
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northern study area and North American female brown bears both have a three-year cycle. In 

comparison, the fitness improvement for a female of the southern study area, with a two-year 

reproductive cycle, is only marginal. Accordingly, females with longer reproductive cycles (3 

or more years) would gain most by abandoning single offspring. This can be explained by the 

time a female would gain if she shortens the period to her next litter; the longer this interval 

is, the more a female should gain.  

Tait (1980) did not consider reproductive senescence in his model and a given female 

could only use an “always abandon” vs. a “never abandon” strategy. We accounted for 

reproductive senescence in our model. Compared to Tait's fixed-strategy model, our 

optimization model, which bases decisions based on offspring number and age of offspring 

and mother, shows that "always abandon" is sub-optimal for old bears, which have a high risk 

of entering senescence before the next mating season. Although strategies may differ strongly 

in fitness for old individuals, selection pressure is weak at older ages, because there is little 

chance that a bear lives long enough to have the opportunity to benefit from its optimal 

behavior (Stearns 1992). Thus, although being able to refrain from abandonment might be 

useful for old bears, it may not be evolutionarily important. Tait (1980) assumed that the 

population growth rate was zero and that the fitness of all offspring was equal and 

independent of litter size. In addition Tait (1980) assigned his model to work with stable 

populations, whereas we are working with data from increasing populations (Sæther et al. 

1998), where offspring produced early in life have a higher relative fitness than offspring 

produced later (Stearns 1992). We did not control for this in our model, but the benefit by 

abandoning a singleton litter should be smaller in an increasing population. 

The model showed that abandonment resulted in a small theoretical improvement of 

the number of offspring during a lifetime, but it cannot determine whether female bears 

abandon or not. Our methods did not allow us to evaluate the occurrence of early 

abandonment of offspring. Brown bear cubs are born in the den, and in contrast to American 

black bears, it is not advisable to visit a female brown bear in the den for human safety 

reasons. Thus we did not know the actual litter size, which may be larger than the litter size 

we observed after the female left the den. It makes sense to assume that a female might decide 

whether she should abandon or not soon after birth, thus avoiding investing energy into 

offspring she would leave behind. We could not differentiate between failure of conception 

and offspring abandonment at an early stage. If the timing of abandonment occurred when 

leaving the den or shortly thereafter, as Tait (1980) suggested, our methods were adequate to 

test the model’s results. All natal dens in the southern study area were examined for cub 
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remains, and the litter size was visually determined in both study areas. A methodological 

drawback is the fact that dens in the northern study area are not examined for cub remains 

because of accessibility reasons. Nevertheless, if the timing of abandonment would be when 

leaving the den or shortly thereafter, it should have resulted in a u-shaped function in the 

northern study are (see fig. 5). Because this was not found, we suggest that a female brown 

bear does not opportunistically abandon single offspring after she has raised them to an age 

where they can follow her out of the den. 

Mortality of cubs can be high during the first weeks after the den emergence (Ramsay 

and Stirling 1988; Elowe and Dodge 1989; Swenson et al. 1997a). Nevertheless, if a single 

cub manages to survive these first critical weeks after leaving the den, it might be better off 

than cubs in larger litters (Mendl 1994), because it will probably be heavier as a yearling than 

cubs from larger litters (Derocher and Stirling 1996; Dahle 2003). 

In conclusion, a female brown bear would theoretically gain from opportunistic 

abandonment, especially if she has a three-year or longer reproductive cycle, although the 

gain would be small. Opportunistic abandonment after leaving the den was not observed, but 

we were not able to document whether abandonment occurred earlier. 

Several factors have been proposed as important for bear cub survival. Swenson et al 

(2001) grouped these factors into nutritional (e.g. food availability, maternal condition), social 

(intraspecific predation, SSI), and disturbance factors (e.g. human disturbance causes a female 

to leave her den and thus abandon the cubs). The decrease of the probability of loosing one or 

more cubs with increasing litter size in the southern study area, an area where SSI is thought 

to be a major mortality factor in cubs (Swenson et al. 1997a; 2001), is best explained by 

varying levels of maternal offspring defense according to litter size. This is consistent with the 

predictions of the parental investment theory and studies carried out in other mammals, 

especially rodents (e.g., Maestripieri and Alleva 1991; Koskela et al. 2000), and other taxa 

(e.g. Carlisle 1985; Windt and Curio 1986). 

Offspring survival has been reported to correlate positively with offspring mass and 

maternal mass and condition in several mammalian species (e.g., moose (Alces alces): Keech 

et al. 2000; northern fur seal (Callorhinus ursinus): Baker and Fowler 1992; bighorn sheep 

(Ovis canadensis): Festa-Bianchet et al. 1997). The same relationship has been suggested for 

bears (American black bears: Rogers 1987; polar bears: Ramsey and Stirling 1988; Derocher 

and Stirling 1996). Our results show that condition had a positive effect on the probability of 

loosing one or more cubs. This result was counter-intuitive, based on literature and logic. 
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Nevertheless, Swenson et al. (1997a; 2001) also found negative relationships between cub 

survival and yearling body mass and cub survival and adult female spring body mass. 

In polar bears, Derocher and Stirling (1995) did not find a decrease in litter size during 

a time period of decrease in body mass and litter production. Due to our methods we were not 

able to measure cub mass, but the yearling mass used in our analyses should reflect cub mass. 

In brown bears offspring mass decreases with increasing litter size (Dahle 2003), which has 

also been reported in other species (e.g., Allainé et al. 1998; Derocher and Stirling 1998; 

Andersen et al. 2000). Additionally polar bear cub survival increases with mass and size 

(Derocher and Stirling 1996). Thus, if cub survival were a function of cub mass and 

nutritional factors, we would expect a higher probability of cub loss in large litters. Another 

reason for increased mortality in large litters is, that variance in yearling size increases with 

litter size (Derocher and Stirling 1996; Dahle 2003), often resulting in one very small 

yearling. Derocher and Stirling (1996) showed that in triplet polar bear litters individual 

survival varied according to cub size. A third reason for an increased cub mortality in a large 

litters is that the probability of no cub loss in a litter is the independent cub survival rate 

raised by the power of the number of cubs in the litter. Thus, our results from the southern 

study area where probability of loosing one or more cubs decreased with litter size strongly 

indicates that mothers invest in litters in relation to their reproductive value. In areas where 

SSI is not suspected to play a major role, such as the northern study area, cub-mortality 

patterns should reflect random events. Accordingly, the probability of losing one or more 

offspring should increase with increasing litter size, as we found (fig. 5).  

Maestripieri (1992) reviewed the functional aspects of maternal aggression in mammals, 

and suggested that female aggressiveness during lactation is aimed at protecting offspring. 

Offspring defense against an infanticidal male is potentially very dangerous for females, and 

probably independent of litter size, because the chances for a female to be wounded or killed 

are the same regardless of the number of offspring. In lions (Panthera leo) the invading males 

usually commit infanticide after a male coalition replacement, and the lionesses of the pride 

often engage in direct defense of the cubs (Packer and Pusey 1984). Packer and Pusey (1983) 

reported that in two attempted male takeovers, three of five females were wounded and two 

other disappeared and were assumed to have died as a result of cub defense. In bears several 

authors report females being severely injured or killed by conspecifics while defending their 

offspring (Rogers 1987; Garshelis 1994; McLellan 1994). However, these authors did not test 

whether females caring for cubs had a higher probability of being killed by conspecifics than 

other adult females. Our results, although not significant at the 0.05 level, suggest that 
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females defending cubs have a greater risk than other adult females of being killed by 

conspecifics. 

However, offspring defense should be related to the reproductive value of a litter (i.e., 

offspring number). Maestripieri and Alleva (1991) found that female house mice (Mus 

musculus) with large litters defend their offspring more aggressively than females with small 

litters, as Koskela et al. (2000) and Jonsson et al. (2002) found in several studies of the bank 

vole (Clethrionomys glareolus). In the southern study area, where SSI is a major mortality 

factor of cubs (Swenson et al. 1997a; 2001), cub survival increased with increasing litter size. 

A three-cub litter represents a higher reproductive value than a singleton litter; accordingly 

the mother has more to “win”, and thus apparently defended this litter more than a smaller 

litter. This is in accordance with the parental investment theory and suggests that females 

adjusted their defense intensity according to the reproductive value of their litter. Anecdotal 

field observations support the hypothesis of reduced maternal defense activity for singleton 

litters (Troyer and Hensel 1962). 

The results from the southern study area were in contrast with the results from the 

northern study area, where SSI was not common, and where the cub mortality pattern seemed 

to reflected random mortality. In areas where SSI is suspected to be important, we do not 

consider nutritional factors to be important in explaining cub loss either on a spatial or 

temporal scale. Swenson et al. (1997a; 2001) reached the same conclusion. A possible 

explanation for the negative relationship between condition and cub survival might be that in 

years when males are in better than average condition, they may increase their breeding home 

ranges. This would increase the chances for males to meet a female with dependent offspring 

that they had not mated with during the last breeding season, and increase the potential to 

commit SSI. Derocher and Stirling (1996) mention that if adult male polar bears are a major 

factor affecting juvenile survival, it should occur independently of maternal mass and 

maternal condition. However, our test of adult male brown bears increasing their mating 

season ranges in years of good conditions can only be regarded as suggestive (P=0.091).  

In conclusion, we did not find that females abandoned single cubs, although there was a 

small gain in future reproduction to do so. However, females did appear to provide less 

defense of single cubs and small litters where SSI was common. 
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Table 1: Parameters of brown bear litter size distribution used for model calculations. 

0 cubs 1 cub 2 cubs 3 cubs 4 cubs 

Southern study area¹ 0.200 0.112 0.360 0.256 0.072 

Northern study area¹ 0.200 0.104 0.336 0.336 0.024 

Tait’s original data² 0.150 0.204 0.3655 0.2805³ - 

¹ Sæther et al. (1998) 

² Tait (1980) 

³ Tait (1980) combined data for litters of 3 and 4 cubs 
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Table 2: Survival parameters (survival of young brown bears from spring to the following 

spring for a given age) used for model calculations. 

 age 0 age 1 age 2 age 3 age 4+ 

Southern study area¹ 0.7720 0.8697 0.9270 0.9507 0.9685 

Northern study area¹ 0.9601 0.9517 0.9416 0.9296 0.9153 

Tait’s original data² 0.9000 0.9000 0.8500 0.8500 0.8500 

¹ Swenson et al. (1997a), Sæther et al. (1998) 

² Tait (1980)
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Table 3: Coding of state variables for a population with independence at age 2 (so 1+ is the 

last age represented in the female's state) and a maximum litter size of 4. For other ages of 

independence or maximum litter size, the numbering is changed accordingly. 

Acronym State number Description 

J 1 Juvenile 

R 2 Ready to mate, having no current offspring 

C1…C4 3…6 1-4 cubs (age 0+), mother still fertile 

Y1…Y4 7…10 1-4 yearlings (age 1+), mother still fertile 

S 11 Reproductively senescent, having no current offspring 

SC1…SC4 12…15 As C1-C4, but can have no further litters 

SY1…SY4 16…19 As Y1-Y4, but can have no further litters 
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Table 4: List of symbols for the equations in the dynamic optimization model. Fitness is 

defined as the expected future production of offspring reared to independence. The terms 

"pre-choice", "post-choice" and "pre-mating" fitness refer to the timeline shown in fig. 1. 

Symbol Description 

i State number; when referring to state transitions, i denotes the state after the 

transition (called the "to-state" below) 

j When referring to state transitions, j denotes the state before the transition 

(called the "from-state" below) 

f(i,a) Pre-choice fitness of female in state i at age a+ 

g(i,a) Post-choice fitness of female in state i at age a+ 

h(i,a) Pre-mating fitness of female in state i at age a+ 

pa Probability of spring-to-spring survival from age a to a+1 

cj The set of possible destination to-states (i) that can be chosen from a given 

from-state (j) 

sija Probability of transition to state i from state j by change in fertility status, for a 

female of age a+ 

tij Probability of transition to state i from state j by litter-bearing, aging and 

survival of offspring, or rearing to independence 

vij Value of the transition corresponding to tij (equal to number of offspring with 

less than one year to independence, times their probability of surviving through 

that time interval, given that the mother survives). 
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Table 5: Expected number of recruits for a female brown bear. 

 Expected number of recruits 

 5-year-old 8-year-old 

Study area North South 
Tait original 

results 

Without abandonment 5.501 11.919 2.341 

With abandonment/inflexible strategy 5.621 11.923 2.391 

Change (%) 2.18 0.03 2.1 

Without abandonment 5.501 11.919 - 

With abandonment/flexible strategy 5.622 11.932 - 

Change (%) 2.2 0.11 - 
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Table 6: The global logistic regression model explaining the probability of successful litter 

survival in brown bear included the variables year, area, condition index, litter size in spring, 

(area* litter size in spring), (area* condition index). After a successive exclusion of the least 

significant terms, the final model is shown in the table. Df is degrees of freedom, β is the 

logistic regression coefficient, SE is the standard error, χ2 denotes the chi-square value, and P 

denotes the significance level, obtained by likelihood ratio tests (type III). N=124. See text for 

further details. 

 

 

 

Explanatory variables df β SE χ2 P 

Year 11   27.85 0.0034 

Area 1   10.86 0.0010 

Condition index 1 -4.2016 2.2272 10.73 0.0011 

Litter size in spring 1 2.1751 1.4115 1.48 0.2237 

(Area* litter size in spring) 1   5.80 0.0161 

Southern study area 1 -2.7690 1.4433   

Northern study area 0 0.0000 0.0000   



 28

Table 7: Logistic regression models explaining the probability of successful litter survival 

ranked by their AICc. 

Model rank Explanatory model AICC AICC, DEV 

1 Year, area, condition index, litter size in 

spring, area*litter size in spring 

156.844  

2 Area 158.479 1.635 

3 Year, area, condition index, litter size in 

spring, area*litter size in spring, 

area*condition index 

158.974 2.129 

4 Year, area, condition index 158.993 2.149 

5 Year, area, condition index, litter size in 

spring 

160.004 3.160 

6 Year, area, condition index, 

area*condition index 

161.552 4.708 

7 Year, area 166.029 9.185 

8 Litter size in spring 171.019 14.175 

9 Year 174.875 18.031 
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Figure legends 

 

Figure 1: Timeline for the abandonment model, depicting the two life cycles used. 

 

Figure 2: Possible state transitions by choice, i.e. reducing or eliminating the current litter, if 

any. This can be modified to represent various fixed or more-or-less flexible strategies. For 

instance, the strategy  "never abandon" only allows staying in the current state, which would 

be represented by a diagonal matrix. The strategy "always abandon a single cub" would not 

allow staying in state C1, leaving state "Ready" as the only possible choice. The matrix shown 

here allows any kind of litter-size reduction, although here the only plausible alternatives are 

for a fertile female to desert her entire litter. This is because 1) reducing litter size improves 

neither the quality nor the survival of the remaining offspring, under our present assumptions, 

and 2) senescent females have nothing to gain by abandoning offspring. 

 

Figure 3: Possible state transitions by change in fertility status. Juveniles may become fertile, 

fertile females may enter senescence, and senescent females will stay senescent. 

 

Figure 4: Possible state transitions by reproduction, aging and mortality of offspring, and 

rearing offspring to independence. Transitions to Ready from states with Yearlings may or 

may not mean that the yearlings survived to independence (the expected "fitness reward" 

equals the number of yearlings times their probability of over-winter survival). All transitions 

are assumed to be conditional on the mother's survival. 

 

Figure 5: Probability of loosing one or more brown bear cubs in litters from spring to fall in 

relation to litter size in the study areas in Scandinavia based on the logistic regression model 

in table 6. 
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[Figure 1, Zedrosser et al.] 
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[Figure 2, Zedrosser et al.] 

 

 

 
From state

To state J R C1 C2 C3 C4 Y1 Y2 Y3 Y4 S SC1
SC2

SC3
SC4

SY1
SY2

SY3
SY4

J
R
C1
C2
C3
C4
Y1
Y2
Y3
Y4
S

SC1
SC2
SC3
SC4
SY1
SY2
SY3
SY4  



 32

[Figure 3, Zedrosser et al.] 
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[Figure 4, Zedrosser et al.] 
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[Figure 5, Zedrosser et al.] 
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Appendix: deriving maturation probability and senescence risk 

Maturation 

C. Schwartz et al. (in prep) modeled the probability density of age at maturity as 

( )
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, where a is the age, ξM = 4.480 (the modal age at 

maturity) and θM = 0.730 (related to the variance in age at maturity). 

Letting FM(a) = ( )∫
a

M dttf
0

 = Pr(mature at age ≤ a) denote the cumulative distribution 

function of the age at maturity, we can derive the state-transition probability required for the 

dynamic optimization model. This is: 

Pr(become mature [state "Ready"] before the upcoming mating season, given immature [state 

"Juvenile"] in the current spring) = ( ) ( )
( )11

1
−−

−−
aF

aFaF
M

MM ,  

In words, the above equation gives the probability of maturing between age a–1 and a, as a 

proportion of those not yet mature at age a–1. 

Senescence 

An analogous calculation gives the risk that nonsenescent females enter senescence in the 

current year. C. Schwartz et al. (in prep) modeled the probability density of age at senescence 

as 

( )
























−








=

−
S

S

S

S

SSS
S

aaaf
θ
ξ

θ
ξ

ξξθ
exp1

1

, where ξS = 27.324 (the modal age at senescence) and θS 

= 3.274 (related to the variance in age at senescence). 

Letting FS(a) = Pr(enter senescence at age ≤ a) denote the cumulative distribution of the age 

at senescence, we get 

Pr(become Senescent before the upcoming mating season, given nonsenescent in the current 

spring) = ( ) ( )
( )11

1
−−

−−
aF

aFaF
S

SS  

This is the probability of senescing between ages a–1 and a, as a proportion of those not yet 

senescent at age a–1. 
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Figure 1. Distributions of age at maturity (solid lines) and senescence (dashed lines), used in 
our dynamic optimization model on the profitability of abandoning offspring. Thick lines 
show state-transition probabilities, i.e. the probability of maturation (resp. senescence) in the 
current year, given that it has not yet occurred.  These were derived from the probability 
density (area charts) and cumulative distribution (thin lines) functions given by Schwartz et 
al. (in prep.). 
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Abstract: Intraspecific predation of bears >1 year old is observed occasionally, but the mechanisms behind it are poorly understood and often
debated.  We documented 13 cases of intraspecific predation in brown bears (Ursus arctos) in 2 Scandinavian study areas during 668 bear-years of
radiotracking 238 brown bears.  We found area differences in the rates of intraspecific predation only for yearling females.  Annual yearling female
mortality due to intraspecific predation was higher (0.162, 6 of 38) in the south than in the north (no mortality recorded, 28 yearlings followed).  No
older subadult females were killed by other bears.  Annual mortality rates due to intraspecific predation for males, areas combined, were: 0.032 for
yearlings, 0.040 for 2-year-olds, and 0.061 for 3-year-olds, for a combined rate from age 1 through 3 years of 0.127.  One adult female was killed.
Staying with their mother did not significantly reduce intraspecific predation among yearlings.  Neither population density, at the levels we observed,
nor reduced food abundance influenced rates of intraspecific predation on yearlings in our areas.  In our study areas, intraspecific predation on
yearling females was correlated positively with the number of adult males that had died 3 years previously and whether any adult male had died 2
years previously.  In an earlier study, we found that cub mortality was elevated during the breeding season 2 years after the death of adult males.  As
we found a similar pattern for intraspecific predation on yearling females, we speculate that infanticidal males may be prone to kill subadult bears.
Although based on a relatively small sample of mortalities, our results strengthen our earlier conclusion that the killing of adult males may have a
population consequence that managers should consider.

Ursus 12:81–92

Key words:  brown bear, intraspecific predation, management, population dynamics, Sweden, Ursus arctos

Bears kill other bears, both cubs-of-the-year (called
“cubs” in this paper) and older bears, but most authors
consider the killing of bears older than cubs by conspecif-
ics to be rare (Rogers 1983, Mattson et al. 1992, Garshelis
1994, McLellan 1994).  However, McLellan et al. (1999)
found that 5 of 12 natural mortalities among subadult and
adult female brown bears in the Rocky Mountains were
apparently due to conspecifics.  Garshelis (1994) reported
that about 2 North American black bears (U. americanus)
per year were reported killed by conspecifics during the
last 20 years, which is a low number considering the mul-
titude of telemetry studies that have been conducted on
this species.  Intraspecific predation has also been reported
occasionally in polar bears (U. maritimus; Lunn and
Stenhouse 1985, Derocher and Wiig 1999).  Two attempts
have been made to quantify intraspecific predation in
brown bears using scat analysis.  Mattson et al. (1992)
found that 0.17% of 6,976 brown bear scats in Yellowstone
National Park, USA, contained remains of conspecifics
(meat or >50% indigestible remains).  Zhiryakov (1993)
found that a similar proportion, 0.1%, of brown bear fe-
ces contained bear hair in and near the Alma-Ata State
Reserve, Tian-Shan Mountains, Kazakhstan.  McLellan
et al. (1999) found that 5 of 34 total known mortalities of
radiomarked subadult and adult female brown bears were
due to conspecifics, but did not report whether the 2 natu-
ral mortalities of 25 total mortalities of males were due to
intraspecific predation.  In some areas of Russia, intraspe-
cific predation is much more common among brown bears
in years when the major food crops, usually berries and
the very important seeds of stone pines (Pinus sibirica

and P. pumila), fail simultaneously.  Smirnov and Shurygin
(1991) wrote that intraspecific predation and cannibalism
is a typical feature of brown bears in lean years in Tuva,
central Siberia.  Intraspecific predation during starvation
years was reported to reduce adult survival and popula-
tion size in central Siberia (Zavatskii 1993) and the Baikal
region (Ustinov 1993), although these conclusions were
not based on studies of radiomarked bears.  In addition,
Bunnell and Tait (1981) hypothesized that the killing or
evicting of subadult males by adult males could be im-
portant in the regulation of bear populations.

Mattson et al. (1992) encouraged bear researchers not
only to report instances of intraspecific predation, but also
to report sample sizes and effort, such that mortality rates
could be analyzed with respect to demographic and envi-
ronmental parameters.  Here we report mortality rates due
to intraspecific predation in 2 brown bear populations in
Scandinavia based on 13 instances of intraspecific preda-
tion during 668 bear-years (1 bear-year is the equivalent
of 1 bear followed for 12 months, n = 238 bears) of radio-
telemetry tracking during 1984–99.  We use the term “in-
traspecific predation” to mean intraspecific killing.
Because we usually recovered the carcass quickly, we are
unsure how much of it would finally have been consumed
by the perpetrator.  We only considered bears >1 year old
here; we considered mortality of cubs earlier (Swenson et
al. 1997, 2001).  Beyond reporting rates, we addressed
the following questions:

Are bears in certain age or sex categories particularly
vulnerable to intraspecific predation?— Mordosov (1993)
stated that adults killed yearlings in spring, and Mattson
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et al. (1992) suggested that young males might be espe-
cially vulnerable, but this was based only on 1 dead young
male.

Do yearlings that stay with their mothers survive better
than those that separate as yearlings, as predicted by
Stringham (1983)?

Who are the perpetrators?—The general pattern from
literature reviews in North America seems to be that adult
males kill other bears of all age and sex classes, but adult
females kill few adult males (Garshelis 1994, McLellan
1994), although there is not sufficient evidence to make a
definite conclusion.

When does the mortality occur?—  Mattson et al. (1992)
found a tendency for brown bear feces to contain more
bear remains (both brown and black bear) in March–May
than later in the year in Yellowstone National Park.
Zyryanov (1991) and Mordosov (1993) reported that in-
traspecific predation among brown bears in Siberia takes
place in spring and autumn.  There are several reports of
bears being killed by conspecifics while in or at the den
for American black bears (Rogers 1983, Tietje et al. 1986,
Davis and Harestad 1996) and brown bears (Zetterberg
1951, Pearson 1975, Smirnov and Shurygin 1991,
Zyryanov 1991, Mordosov 1993).

What is the reason for intraspecific predation?— No
universal reason has yet been found, but several explana-
tions have been proposed.  (1) The Russian authors cited
above have proposed that bears kill conspecifics for food
when other food is scarce.  This has also been suggested
by some North American authors (Tietje et al. 1986, Olsen
1993), although data from Yellowstone National Park did
not support this explanation (Mattson et al. 1992).  Tietje
et al. (1986) hypothesized that a male could improve his
breeding success by killing and eating other bears to im-
prove his condition during the breeding season in years
of poor food availability.  (2)  Both adult males and fe-
males could benefit from killing unrelated conspecifics
of the same sex, usually older bears killing younger ones.
This would reduce the number of offspring of competi-
tors, and thus remove future competitors to themselves
and their own offspring for space, food, and mates (Rogers
1983, Tietje et al. 1986, LeCount 1987, Garshelis 1994,
Hessing and Aumiller 1994).  (3)  Several authors have
suggested that higher density or concentration of  bears in
of itself leads to increased intraspecific predation
(Stringham 1983, Tietje et al. 1986, Davis and Harestad
1996).  The pattern of intraspecific predation in
Yellowstone did not contradict this hypothesis (Mattson
et al. 1992).

These explanations were usually based on a few ob-
served cases of intraspecific predation.  There are cer-
tainly other valid explanations and it is reasonable to
believe that there are actually several reasons for intraspe-

cific predation and that there may be different reasons in
different circumstances.

STUDY AREAS
The study areas were located in northern Sweden and

central Sweden–southeastern Norway, as described in
Bjärvall and Sandegren (1987).  These study areas are
about 600 km apart and are near the northern and south-
ern edges of the species’ range in Sweden.  The northern
study area was about 8,000 km2 in central Norbotten
County in northern Sweden, around Kvikkjokk (66°–68°
N, 16°–20° E).  It included alpine vegetation in the moun-
tains, which were up to 2000 m high, in the western part
of the area. Birch (Betula pubescens) formed the timber-
line at about 800 m. Boreal forest dominated and con-
sisted primarily of Scots pine (Pinus sylvestris) and
Norway spruce (Picea abies) in the U-shaped valleys and
the lower (down to 300 m) and more rolling terrain in the
eastern part of the study area.  The southern study area
was about 13,000 km2 in northern Dalarna County and
western Gävleborg County in Sweden and eastern
Hedmark County in Norway (60°–61° N, 11°–16°E).  The
area was dominated by gently rolling terrain between 200
and 1000 m in elevation.  Only a small part of the study
area was above timberline.  Intensively managed boreal
forest dominated the study area, and the important tree
species were Scots pine, Norway spruce, and the exotic
lodgepole pine (Pinus contorta).  The study populations
belong to separate mitochondrial DNA lineages (Taberlet
et al. 1995).  However, nuclear DNA analyses have re-
vealed that, although there are differences between the
populations, there has been extensive gene flow through-
out Scandinavia (Waits et al. 2000).  An analysis of re-
productive and mortality data indicated rapid growth in
both populations during 1984–95:  λ = 1.14 in the north
and λ = 1.16 in the south (Sæther et al. 1998).

Bear hunting was generally allowed during the autumn
in both areas, but the northern area included 3 national
parks, where bear hunting was forbidden throughout the
study period.  Hunting pressure has increased in the south-
ern study area in recent years, from an average of 2.8 bears
killed legally per year in the 2 provinces encompassing
the study area (Dalarna and Gävleborg) during 1985–95,
to 23 in 1998. There was evidence of considerable illegal
killing of bears, especially in the northern area (Swenson
and Sandegren 1999). Illegal killing appeared to be less
on the study areas than in the surroundings, and it ap-
peared to have a major limiting effect on the population
in the north. We have documented this in the north through
the loss of radiomarked bears, especially males leaving
the study area, and changes in the distribution of females,
as determined from the distribution of legally killed fe-
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male bears (Sandegren and Swenson 1997, Swenson and
Sandegren 1999).  Swenson et al. (2001) concluded that a
higher immigration rate of newly recruited males occurred
in the southern study area than in the northern area after
adult males died.  This was based on an apparent stable
population trend for adult males in the south, in spite of
the loss of adult males, and the decline in number of adult
males in the north after adult males died.

METHODS
During 1984–99, 101 bears were marked in the north-

ern study area and during 1985–99, 137 were marked in
the south.  All were immobilized early in the spring from
a helicopter and marked with radiotransmitters (Telonics,
Mesa, Arizona, USA).  Most of the subadult bears cap-
tured after 1994 were equipped with a transmitter with a
mortality sensor, which changed the pulse rate of the trans-
mitter after it had not been moved for 4.7 hours.  Grow-
ing bears were recaptured each spring to provide them
with larger collars, although in the latter years of the study,
yearlings received a transmitter that was implanted into
the body cavity.  Except for yearlings of radiomarked fe-
males, we collected a premolar tooth, which we sent to
Matson, Inc., Milltown, Montana, USA, for age estima-
tion based on the cementum annuli (Craighead et al. 1970).
Bears were weighed every time they were captured.  Dur-
ing 1988–91, 86% of the females observed in the com-
pany of radiomarked males during the breeding season in
the north had functioning radiotransmitters.  The corre-
sponding value in the south, based on this type of obser-
vations made in 1988, 1989, and 1993, was 47% (Swenson
et al. 1994, 1995). Judging from observations of males
with radiomarked females in the breeding season, Swenson
et al. (2001) concluded that virtually all adult males in the
north and about 56% of them in the south were marked.

As marking occurred only during one short period each
year, we calculated annual survival rates using the Kaplan–
Meier procedure (Kaplan and Meier 1958).  In this method,
survival is calculated each month based on the number of
radiomarked bears alive each month, and the monthly sur-
vival rates are multiplied to obtain an annual survival rate.
Because we were only interested in intraspecific preda-
tion, we censored other causes of mortality, as recom-
mended by Pollock et al. (1989).  The rates of intraspecific
predation reported here are 1 minus the censored annual
survival rates.  All bears were located at least once a week
from the ground or from an aircraft, weather permitting.
When a mortality pulse was received or death was sus-
pected, the site was visited as soon as possible, usually
within a day in the south and a few days in the north. All
carcasses were examined by veterinarians at the National
Veterinary Institute of Sweden.  Determining intraspecific

predation was based on bite marks, particularly in the skull.
Most carcasses were found so quickly that there was no
question as to the cause of death.  However, some dead
bears in the north were found later, due to the wilderness
character of the study area and poor weather that often
hindered telemetry work from aircraft and access to the
carcass with a helicopter.  In cases where decomposed
carcasses were found, judgment regarding cause of death
was based on bite marks on the bones, particularly the
skull.  Thus, our estimate of mortality due to intraspecific
predation may have been somewhat low in the north, al-
though we do not believe it caused a major bias.  During
this study we documented 12 cases of intraspecific mor-
tality of radiomarked subadult bears, 1 of a yearling that
had been ear-tagged but had no radiotransmitter, and 1 of
an adult (>3 years old).

Almost half of the bears in the north (43%, n = 35 to
1998) and almost all in the south (89%, n = 57) separated
from their mothers as yearlings (Swenson et al. 1994).  It
can be difficult to decide whether a yearling killed by an-
other bear in the spring had separated from its mother
before being killed.  We attempted to locate bears at least
once a week, and we considered a yearling to have been
with its mother when killed if it had been with her during
the last time it was located alive.

Following Garshelis (1994) and Swenson et al. (2001),
we used yearling body mass as a surrogate measure of
food abundance the previous year.  Yearlings were weighed
to the nearest 0.5 kg shortly after den emergence (n = 62
in the north and 80 in the south).  A body mass index for
a given year was calculated as the mean of the deviations
in body masses for yearlings from the appropriate area,
expressed in standard deviation units, from the overall
mean for all yearlings for all years for that sex and area.
Thus, body masses from both sexes in an area were stan-
dardized and could be combined.  The yearling body mass
index was termed “fall condition index”, because most of
the body mass was gained during the previous fall sea-
son.  The body mass index was also considered to pro-
vide a “spring condition index” for the year in which
yearlings were weighed.  Thus for example, a body mass
index obtained in early spring 1997 was used as a “spring
condition index” for 1997 and as a “fall condition index”
for 1996.

Loss of cubs has been correlated with the death of adult
males in our study areas (Swenson et al. 1997, 2001).  We
therefore examined for this effect among subadult bears.
The locations where adult males (>5 years old) were
known to have died were compared with the locations of
radiomarked females with cubs for a given year, called a
“cub area”.  A high proportion of the adult males were
radiomarked:  almost all (>90%) in the north and about
56% in the south (Swenson et al. 2001).  In addition, all
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bears killed by hunters must be shown to the authorities,
the exact location of the kill must be reported (and can be
verified), and samples must be turned in, including a tooth.
We tallied the number of adult males known to have died
within each cub area and within 1 male home-range di-
ameter from it at time lags of 1, 2, and 3 years.  This
method is described in more detail and data are presented
elsewhere (Swenson et al. 2001).

Indices of the trend in density of all adult females were
derived by estimating the densities of breeding adult fe-
males and correcting these estimates for the proportion of
radiomarked adult females that were breeding that year.
Density of breeding adult females was estimated from the
ratio of marked and unmarked females seen in the com-
pany of marked adult males during the breeding season
using a simple Petersen estimate (Swenson et al. 1994).
This was expanded to all adult females using the observed
proportion of adult females that were breeding that year.
We calculated a mean density from the years we have es-
timates (6 years in the north, 3 years in the south) and
assigned this density to the year that was the mid-point of
the years for which we had obtained estimates. With this
starting point, we calculated annual density estimates be-
fore and after that year using the rates of population growth
found from a demographic analysis of our data, λ = 1.14
in the north (1984–95) and λ = 1.16 in the south (1985–
95; Sæther et al. 1998).

We also estimated the relative bear density in the home
ranges of the subadults in a spatial manner, not tempo-
rally as above.  In Sweden, female bears are concentrated
in four geographically isolated areas termed female core
areas (Swenson et al. 1994). These core reproductive ar-
eas are defined as the 90% harmonic mean areas (Dixon
and Chapman 1980) of hunter-killed female bears during
1981–93 (Swenson et al. 1998a). In general, the relative
density of bears is halved about every 24 km from the
center of a core reproductive area toward the edge
(Swenson et al. 1998a). This density gradient is a result
of a sustained increase in population size, both in density
and in distribution (Swenson et al. 1995, 1998a). In the
south, our field station is located approximately in the
center of the southernmost core reproductive area in Swe-
den. For practical reasons, to reduce the effect of a mis-
match between the location of the center of the core
reproductive area and the location of our field station, bear
density was considered to be constant within 15 km from
our field station. Outside this area, the relative density of
bears was estimated as 0.5((x-10)/24), where x = the distance
(in km) of a home range center from our field station
(Swenson 1998a).  We were not able to obtain this rela-
tive spatial density for the northern study area.

Estimated survival functions from radiomarked bears
were compared using the z test recommended by Pollock

et al. (1989).  Pollock et al. (1989) recommended a sample
size of 40–50 animals to obtain a mortality estimate with
good precision.  This exceeds our sample sizes for every
age–sex–area category, so we accepted an ∝ level of 0.10
for statistical significance.

We used stepwise multiple logistic regression to inves-
tigate correlates of annual rates of intraspecific predation
mortality among radiomarked yearlings. Yearling fate
(killed by another bear or not) was treated as the depen-
dent variable.  The independent variables were:  area, sex,
spring body mass of the yearling, annual spring condition
index, annual fall condition index, adult female bear den-
sity, number of adult males known to have died in or near
the cub areas (with time lags of 1, 2, and 3 years), and
whether or not adult males were known to have died in or
near the cub areas (with time lags of 1, 2, and 3 years).
Independent variables were entered into the model, and
removed by backward elimination using the Wald χ2 sta-
tistic for removal (Norušis 1997).  Statistical tests were
carried out in SPSS.

RESULTS

Are Bears in Certain Age or Sex
Categories More Vulnerable to
Intraspecific Predation?

Yearlings—The mortality rate due to intraspecific pre-
dation was not significantly different for yearling males
in the north and south (z = 0.17, 1 df 1, P = 0.91, Table 1).
The combined mortality rate for yearling males in all ar-
eas was 0.032 (SE = 0.022, n = 64).  In yearling females,

Table 1.  Mortality rates of radiomarked brown bears in
Scandinavia due to intraspecific predation by age, sex, and
study area (north and south), 1984–98.

a Number of radiomarked bears for subadults and number of years
and partial years the bears were followed for adults.  The number in
parentheses is the number documented as killed by another bear.
b The actual time was 136.9 bear-years.
c The actual time was 251.0 bear-years.

Age
(years) Sex Area Mortality (SE) N a

1 M N 0.037 (0.036) 30 (1)
S 0.029 (0.029) 34 (1)

F N 0 28 (0)
S 0.162 (0.061) 38 (6)

2 M N 0.082 (0.056) 31 (2)
S 0 28 (0)

F N 0 23 (0)
S 0 26 (0)

3 M N 0 18 (0)
S 0.096 (0.064) 25 (2)

F N 0 21 (0)
S 0 22 (0)

>3 M N+S 0 179 b (0)
F N+S 0.0037 (0.004) 268 c (1)
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however, the bear-caused mortality was higher in the south
than in the north (z = 2.66, 1 df, P = 0.008, Table 1).  When
comparing sexes of yearlings within an area, we found no
statistical difference in mortality rate between males and
females in the north (z = 1.00, 1 df, P = 0.32).  In the
south, however, females had a mortality rate due to in-
traspecific predation that was over 5 times higher than
males (z = 1.97, 1 df, P = 0.049, Table 1).  Female year-
lings were 25% smaller than males in the north and 18%
smaller in the south (Swenson et al. 2001).

Subadult bears.—Intraspecific predation was also ob-
served in 2- and 3-year-old bears, but only in males (Table
1).  In both areas combined, the annual rate of intraspe-
cific predation was 0.040 (SE = 0.028, N = 59) among 2-
year-old males and 0.061 (SE = 0.042, N = 43) among
3-year-old males.  Thus, the cumulative rate of intraspe-
cific predation for male bears from age 1 through 3 years
(i.e., the second through fourth years of life) in both areas
combined was 0.127.  No radiomarked female 2-year-olds
(N = 49) or 3-year-olds (N = 43) were killed by other
bears.  When combining areas and ages (2- and 3-year-
olds), we found a significantly higher intraspecific preda-
tion rate among males (0.048, SE = 0.024, N = 102) than
females (0 mortalities, 92 females followed, z = 2.03, 1
df, P = 0.042).

Adult bears—We followed bears older than 3 years for
a total telemetry time of 388 bear-years and recorded only
a single death due to another bear.  This was a 12-year-
old female with 3 cubs.  The annual mortality rate for
females older than 3 years due to intraspecific predation
was 0.0037 (SE = 0.0037, based on 251 bear-years of ra-
diotelemetry (Table 1).

Who Are the Perpetrators?
As with most studies of bear mortality, identifying the

perpetrator was difficult. We identified 3 potential perpe-
trators, but do not have conclusive evidence for any of
them:  (1) an adult male likely killed a male yearling; (2)
a 5-year-old female with 3 cubs may have killed a female
yearling, who was her half-sister; and (3) an 11-year-old
resident male probably killed a 12-year-old female, who
had 3 cubs.  Details of these incidents are given below.

Case 1.—An adult male was the most likely killer of
yearling male (W9405).  The yearling was located with
its mother on 27 May 1994, but was located alone and
inactive on 28 and 29 May at the site where the partially
eaten bear carcass later was found.  A large Scots pine
tree at the kill site had many fresh claw marks from what
appeared to be a large bear and a smaller bear, suggesting
that a large bear had dragged a smaller bear out of the
tree.  We assume that the smaller bear was W9405, but
his littermate (W9404, female) was also in the vicinity at
the time. Tracks from a large male bear and a female with

cubs were observed in mud on a road about 400 m from
the kill site.  These indications suggest that an adult male
may have killed W9405, although the female with cubs
or other bears can not be ruled out.  We concluded that
this bear had been with its mother when killed, but it is
possible that it had separated from her less than a day
before it was killed.

Case 2.—Some evidence suggests that a female with
cubs may have killed yearling female W9805.  This year-
ling was observed alone on 11 June 1998.  The next day,
a radiotelemetry position was obtained at 21:30 and was,
according to the activity sensor on the transmitter, inac-
tive at the site where it was later found dead; it may have
already been dead at this time.  Another bear, W9404, a
5-year-old female with 3 cubs, was recorded, using radio-
telemetry, to have passed this site about 20:30 on the same
day.  No other radiomarked bears were located in the area,
but an unmarked bear can not be excluded as the killer.
The kill site was visited on 13 June.  It was evident that
W9805 had been chased for about 50 m, based on torn up
moss and tufts of hair.  The bite marks suggested that she
had been killed by an adult bear and the carcass was par-
tially consumed.  W9404 and W9805 were half-sisters
born in separate litters to the same mother.

Case 3.—An adult male most likely killed adult female
W8905.  The 12-year-old female was observed with 3
cubs 300 m from their den on 21 May 1999.  At 05:25 on
25 May, she was located at the same site with a passive
signal (her transmitter did not have a mortality function),
together with an 11-year-old male (W9807), who had an
active signal.  The site was checked by airplane the same
day.   The activity signals were the same; one adult bear
was seen (probably W9807) and 2 cubs were observed in
a tree.  A visit to the site in the evening revealed that the
adult female was dead, covered with moss, and the poste-
rior portions had been eaten.  The site showed evidence
of a fight.  Two of the young were found alive in a tree.
They were kept alive by providing dog food at the den
site, but were killed by an unknown bear on 11 June.  They
were in good condition when killed.

Do Yearlings that Stay with their Mothers
Survive Better?

In the south, where 89% of the yearlings separated from
their mothers during the spring, we were unable to reject
the hypothesis of no difference in the rate of intraspecific
predation among yearlings with their mothers (0.200, SE
=  0.179, N = 5) and those separated from their mothers,
sexes combined, (0.090, SE =  0.035, N = 68, z = 0.60, 1
df, P = 0.55).  Likewise, in the north, where 43% of the
yearlings separated from their mother, there was no sta-
tistical difference in intraspecific predation between those
with their mother (no mortalities, N = 26) and those sepa-
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rated from their mother (0.037, SE = 0.036, N = 31, z =
0.96, 1 df, P = 0.30).  Similarly, for both areas combined,
yearlings with their mother had an intraspecific predation
rate (0.032, SE =  0.032, N = 31) that was not signifi-
cantly different from those not with their mother (0.074,
SE =  0.027, N = 99, z = 1.00, 1 df , P = 0.32).

When Does the Mortality Occur?
Of the 14 bears identified as killed by conspecifics, 13

of which were radiomarked and 1 earmarked, 86% were
killed during May–July (Table 2).  This pattern seemed to
hold for all age and sex classes of victims.  One bear, a 3-
year-old male, was killed at his den site.  He was located
there alive in October; we thought that the subsequent
mortality signal was due to hibernation, but he was found
dead outside the den the following spring.  He had obvi-
ously been killed there before the snow arrived, i.e. be-

fore he had entered the den.
Factors Correlated with Intraspecific
Predation

In the stepwise multiple logistic regression, using year-
lings of both sexes and areas and including sex and area
as independent variables, 3 independent variable were sta-
tistically significant: the number of adult males known
dying in the area 3 years earlier, sex, and fall condition
index.  A positive relationship was found between intraspe-
cific predation and the 2 continuous variables (Table 3).
Because sex was a significant variable, similar regressions
were performed on the sexes separately.  No significant
independent variables were found for yearling males.
However for yearling females, a positive relationship was
found between intraspecific predation and both the num-
ber of adult males known dying 3 years previously and
the fall condition index (Table 4).  In the south, the rela-
tive density of bears within the yearlings’ home ranges
did not influence the probability of being killed by an-
other bear for males (Wald χ2 = 0.004, 1 df, P = 0.95) or
females (Wald χ2 = 0.165, 1 df, P = 0.68).  The data, in-
cluding the independent variable and the selected depen-
dent variables, are presented in Table 5.

Because we earlier found a relationship between cub
mortality and whether any adult males had died (Swenson
et al. 2001), we also compared intraspecific predation rates
for yearlings where any adult male had died (using time
lags of 1, 2, and 3 years) to those where no adult male was
known to have died.  No significant results were found

Variable Slope SE Wald χ2 df P

Constant -8.149 2.668   9.33 1 0.002
Number of adult males dying 3 years earlier   0.671 0.322   4.35 1 0.037
Sex   2.584 1.352   3.66 1 0.056
Fall condition index   1.320 0.699   3.56 1 0.059
Entire model 10.29 3 0.016

Table 3.  Results of a stepwise multiple logistic regression with whether a radiomarked yearling brown bear was killed by
another bear in two study areas in Sweden as the dependent variable.  Independent variables were study area, sex of the
yearling, spring body mass of the yearling, annual spring condition index, annual fall condition index, bear density (based on
adult females), number of adult males known to have died in or near the cub areas, with time lags of 1, 2, and 3 years, and
whether or not adult males were known to have died in or near the cub areas, with time lags of 1, 2, and 3 years.

Variable Slope SE Wald χ2 df P

Constant -3.476 0.955 13.24 1 0.000
Number of adult males dying 3 years
earlier

  0.891 0.378   5.57 1 0.018

Fall condition index   2.209 1.053   4.40 1 0.036
Entire model   9.83 2 0.007

Table 4.  Results of a stepwise multiple logistic regression with whether a radiomarked yearling female brown bear was killed
by another bear in two study areas in Sweden as the dependent variable.  Independent variables were study area, spring body
mass of the yearling, annual spring condition index, annual fall condition index, bear density (based on adult females), number
of adult males known to have died in or near the cub areas, with time lags of 1, 2, and 3 years, and whether or not adult males
were known to have died in or near the cub areas, with time lags of 1, 2, and 3 years.

a One of these bears was ear-tagged but not radiomarked and was
found without the help of radiotelemetry.

Females Males

Month Yearling Adult Yearling 2-yr old 3-yr old Total

May  1 1 1 1 4
Jun   4 a 4
Jul      2 1 1 4

Aug 1 1
Sept 0
Oct 1 1

Table 2.  Months in which brown bears were killed by
conspecifics in Scandinavia, according to age and sex,
1984–99.  Data from both study areas are combined.
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for males (Table 6).  For yearling females, however, the
rate of intraspecific predation was higher when adult males
had died than if none were known to have died 2 years
previously and a tendency in that direction was found with
a 3-year time lag (Table 7).

In a similar test, we examined whether a 2- or 3- year-
old male being killed by another bear was related to any
of the same dependent variables used for the test for year-
lings, except that age was included and sex excluded.
Body mass was also excluded, as it was not available for
several individuals.  None of these variables entered into
the final model.  In the south, the relative density of bears
within the subadult males’ home ranges did not influence
the probability of being killed by another bear (Wald χ2 =
0.062, 1 df, P = 0.80).  There may have been too few
instances of intraspecific predation in these subadult males
in our data set to adequately test the effects of the inde-
pendent variables.

DISCUSSION
In our 2 study areas, intraspecific predation was almost

entirely confined to yearlings and subadults, as also re-
ported by Mordosov (1993) and suggested by Mattson et
al. (1992). The probability of being killed by another bear
from our sample was 0.127 for males during ages 1 through
3 years (both areas), 0.162 for yearling females in the
south, and 0 for yearling females in the north.  Thus, in-
traspecific predation can be an important demographic
factor in some populations.  Yearling females were the
most vulnerable to intraspecific predation.  As they were

the smallest subadult bears, it is possible that they were
the easiest to kill.

In spite of our relatively large sample sizes, we were
unable to demonstrate a survival advantage to yearlings
of staying with their mothers, contrary to that predicted
by Stringham (1983).  Furthermore, we found that 3 or-
phaned cubs from 2 litters experienced normal growth in
the north (Swenson et al. 1998b).  We do not know why
some females keep yearlings for an additional year, when
it means also postponing reproduction for an additional
year.  Factors that may influence this situation are that our
populations are growing rapidly (Sæther et al. 1998) and
they are expanding in distribution, with no evidence that
carrying capacity has been reached in any areas (Swenson
et al. 1998a).

The one adult female that was killed by a conspecific
most probably was killed by an adult male and likely was
killed while defending her young, as has been recorded
elsewhere for American black bears and brown bears
(Garshelis 1994, McLellan 1994).  The annual rate of in-
traspecific predation for females >3 years old in our rela-
tively large sample (251 bear-years) was only 0.0037.  No
adult males were killed by conspecifics, as also found by
McLellan et al. (1999).

Intraspecific predation was greatest during the spring
breeding season, as also reported by Mattson et al. (1992).
Although intraspecific predation may be associated with
breeding behavior, it may also be associated with a greater
probability for bears to encounter each other during the
breeding season.  At this time, adult males and adult fe-
males without cubs travel the greatest distances (Zakrisson
2001).

a Adult males.  Numbers can change when tracked diagonally because the cub areas were different each year.
b Number killed by intraspecific predation/total number followed with radiotelemetry.
c Spring condition index in 1989 corresponds to fall condition index in 1988.

Table 5.  Loss of radiomarked yearling female brown bears to intraspecific predation in the northern and southern study areas
in Sweden, 1987–98, including the yearling masses (i.e., spring condition index) and number of adult (>5 years) males dying
within the cub areas 1, 2, and 3 years previously.  (One female yearling was followed in the north in 1984.  She survived the year.)

North South

Yearling Spring No. males dyinga   Yearling Spring No. males dying
Year    female lossb indexc -1 yr -2 yr -3 yr        female lossb    Index -1 yr -2 yr -3 yr

1987 0/0 — 0/2 — 0 0 0
1988 0/0 — 0 0 0 0/0 — 0 1 0
1989 0/2 -0.17 2 0 0 0/1 -0.39 0 0 3
1990 0/0 +0.17 0 1 0 0/1 +0.60 0 0 0
1991 0/0 +2.07 0 0 1 0/2 -1.68 1 2 0
1992 0/1 +0.69 0 0 0 1/4 -0.46 4 1 2
1993 0/3 +0.19 0 0 0 0/3 -0.48 2 4 1
1994 0/4 -0.28 0 0 0 2/5 -0.34 0 2 4
1995 0/8 +0.27 0 0 0 0/4 -0.21 1 0 2
1996 0/2 -0.98 0 0 0 1/1 -0.19 0 1 0
1997 0/1 -0.47 1 0 0 0/1 +2.01 3 1 1
1998 0/2 +0.35 0 1 0 1/6 +0.41 0 3 0
1999 0/4 -0.38 0 0 1 1/8 +0.52 4 3 3
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We did not find an unequivocal reason for intraspecific
predation.  However, it is probably not possible to find
one explanation for all intraspecific predation in bears.
In our study areas, we only found significant relationships,
among the factors we tested, for intraspecific predation
on yearling females.  In a multivariate analysis, positive
relationships were found between this and the number of
adult males known to have died in the area 3 years previ-
ously and the fall condition index.  In a univariate analy-
sis, a positive relationship was found between intraspecific
predation and whether any adult male was known to have
died 2 years earlier, with a tendency in that direction after
3 years.  As both variables had been included in the mul-
tivariate analysis, the number of males dying 3 years pre-
viously was the factor that best explained the observed
variation.  However, both results suggest that disruption
of the adult male social organization, perhaps resulting in
the immigration of new males (Swenson et al. 1997, 2001),
may have been involved in elevating the rates of intraspe-
cific predation.

The pattern of intraspecific predation of yearling fe-
males in relation to mortality of adult males was similar
to the pattern we observed for loss of cubs in our 2 study
areas (Swenson et al. 2001).  Mortality of cubs was also
considerably higher in the south, where mortality of adult
males was higher, than in the north, and cub mortality in
the south was correlated with number of adult males dy-
ing 2 years earlier in a multivariate analysis.  Cub mortal-
ity was also higher when any adult males had died 2 years
earlier in a univariate analysis.  Swenson et al. (2001)
concluded that there was a higher immigration rate of new
males in the south than in the north.  This was based on a
high emigration rate of radiomarked subadult males and
no significant change in the number of adult males, de-

spite an annual mortality rate of about 10%.  The conclu-
sion was that infanticide caused by these immigrating
males was probably the most important cause of cub loss.
Intraspecific predation on yearling females was correlated
with the number of adult males dying 3 years earlier in
the multivariate analysis, in contrast to the 2-year time
lag found for cubs.  However, the same result, higher mor-
tality after 2 years, was found in the univariate analyses.
Based on these results, we speculate that infanticidal males
might be more prone to kill young bears, including sub-
adults.  Also, the 2-year time lag for cub mortality and 3-
year time lag for yearling mortality means that the cohort
that experiences an elevated mortality rate as cubs fol-
lowing the loss of adult males on the area, also experi-
ences a higher mortality the following year, at least the
females in the cohort.  Subadult bears were also killed by
conspecifics most often in the breeding season, which is
the same pattern we observed regarding cub loss (Swenson
et al. 2001).

A higher loss of subadults with a time lag following
high adult mortality also appears to have occurred in griz-
zly bears in the Yellowstone Ecosystem.  Stringham (1983)
analyzed data from the Yellowstone brown bear study
during 1959–79 and found that the mean number of adult
males censused before and after a cohort was born was
negatively correlated with the cohort sizes at ages 0.5 years
(r2 = 0.31), 1.5 years (r2 = 0.50), and 2.5 years (r2 = 0.82).
The highest numbers of censused adult males were in
1968–70 (Stringham 1983).  The known mortality of adult
males in the Yellowstone Ecosystem was also highest dur-
ing these 3 years, mean of 9/year, compared to 1959–67,
with a mean of 2.7/year (Craighead et al. 1995:278).  Thus,
low cohort size may also have been correlated with high
losses of adult males with the reported time lags.  The

Table 7. Annual rate of intraspecific predation in yearling female brown bears in Scandinavia, in relation to whether adult (>5
years) males were known to have died within the cub areas at various time lags.  Data are combined from both study areas.

a Two-tailed z test as described in Pollock et al. (1989).

Following known adult male death No known adult male deathTime before the
mortality of  yearlings Mortality SE N Mortality SE N z P

1 year 0.114 0.054 36 0.069 0.047 30 0.63 0.53
2 years 0.182 0.067 33 0 0 33 6.14 0.007
3 years 0.132 0.055 38 0.037 0.036 28 1.45 0.15

a Two-tailed z test as described in Pollock et al. (1989).

Table 6.  Annual rate of intraspecific predation in yearling male brown bears in Scandinavia, in relation to whether adult (>5
years) males were known to have died within the cub areas at various time lags, 1984–99.  Data are combined from both study
areas.

Following known adult male death No known adult male deathTime before the
mortality of yearlings Mortality SE N Mortality SE N z P

1 year 0.029 0.029 36 0.037 0.036 27 0.17 0.86
2 years 0.027 0.027 37 0.044 0.042 26 0.34 0.73
3 years 0.039 0.038 26 0.029 0.029 37 0.21 0.83
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elevated losses of cubs and subadults apparently contin-
ued for 2 or 3 years after many adult males were killed.
Again, the high losses may have been related to a disrup-
tion of the adult male social organization, and perhaps
occurred after new males entered the studied subpopula-
tion of bears using the garbage dumps.

A second factor that was correlated with intraspecific
predation in yearling females was fall condition.  How-
ever, it was difficult to interpret this result, because the
relationship was positive.  It is not intuitively obvious why
better condition in the fall should lead to higher intraspe-
cific mortality, especially when most of the mortality oc-
curs in the spring.  A similar relationship was found for
cubs (Swenson et al. 2001).  Thus, there may be a factor
involved here that we have not identified.  Loss of cubs
and intraspecific predation on yearling females may be
correlated with a factor or factors other than intraspecific
predation that is also correlated with the death of adult
males 2 or 3 years earlier.  We have not identified such a
factor, but our results suggest that it is not poor food avail-
ability.

Relative population density was not found to influence
the probability of intraspecific predation in either year-
lings of both sexes or subadult males.  We tested for den-
sity effects both temporally and spatially.  We conclude
that population density, within the range of densities ob-
served in our study, was not an important factor influenc-
ing intraspecific predation.  We earlier failed to find
evidence that brown bears had reached carrying capacity
in any areas in Sweden (Swenson et al. 1998a).

MANAGEMENT IMPLICATIONS
There has been considerable debate in the scientific lit-

erature about potential negative or positive effects on popu-
lation growth of killing adult males.  After reviewing the
evidence and presenting his own data, Miller (1990) rec-
ommended that managers should not assume that the kill-
ing of adult males would have a positive effect on cub
survivorship.  Wielgus and Bunnell (1994, 2000) went
even further, suggesting that killing adult males might even
decrease cub survival.  Our studies of cub survival
(Swenson et al. 1997, 2001) have led us to agree with
Wielgus and Bunnell (1994, 2000).  However, this debate
has only been concerned with cub survival.

The similarity of the results for cubs and yearling fe-
males leads us to speculate that the killing of adult males
and disruption of the resident adult male social organiza-
tion, with presumed immigration of new males, has even
a greater demographic effect on a bear population than
we proposed previously (Swenson et al. 1997, 2001).  Loss
of cubs was 0.35 in the south and 0.04 in the north
(Swenson et al. 2001).  Loss of female yearlings due to

intraspecific predation was 0.162 in the south and 0 in the
north.  Assuming that many of the cubs were killed by
other bears, we conclude that intraspecific mortality can
be an important demographic factor in some bear popula-
tions.  As the level of intraspecific predation can be re-
lated to the killing of adult males, we repeat the caution
we have given earlier (Swenson et al. 2001):   “Until this
question is adequately resolved, managers should act con-
servatively and assume a population consequence of har-
vesting adult male bears.”
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ABSTRACT 
Annual home range size indices for 36 male and 52 female adult brown bears Ursus arctos in 

two study areas in central and northern Scandinavia were estimated to evaluate factors 

proposed to influence home range size. Male home ranges were larger than home ranges of 

lone females after controlling for the sexual size dimorphism acting on metabolic needs. 

Further, home ranges of females with cubs were smaller than home ranges of lone females 

and females with yearlings. Thus, differences in metabolic need were not able to explain the 

variation in range size among females of different reproductive categories or between males 

and females suggesting roaming behaviour of males in this promiscuous species. Home range 

size in both males and females was inversely related to population density along a density 

gradient that was not linked to food availability. This contradicts the hypothesis that females 

utilise the minimum areas that sustain their energy requirements. However, on a large 

geographical scale a negative relationship between range size and food availability was 

evident. The annual home ranges in inland boreal environments in Scandinavia are the largest 

reported for brown bears in Eurasia, and similar to those in inland boreal and montane 

environments in North America.  

 

 

    Journal of Zoology 260: 000-000 

 

 

Key words: brown bear, home range size, population density, Ursus arctos,  



 3

INTRODUCTION 
Home ranges are the areas in which animals acquire necessary resources and carry out the 

biological requirements for life (Burt, 1943). Home range size is therefore an important 

biological parameter reflecting aspects such as body mass, diet, food abundance and 

dispersion, as well as sex and reproductive strategy (e.g. Clutton-Brock & Harvey, 1978; 

Harestad & Bunnell, 1979; Sandell, 1989; Palomares, 1994; Fisher & Owens, 2000).  

McNab (1963) suggested that food controlled home range size through an animal’s 

size-dependent metabolic rate and the productivity of its habitat. High food productivity and 

quality allows an animal to meet its energy requirement in a small home range. In polygynous 

and promiscuous species without male parental care, female home range is expected to be a 

function of the availability and spatial distribution of food (Clutton-Brock & Harvey, 1978; 

Sandell, 1989). Data supporting this has been reported for several mammalian species such as 

bobcat lynx rufus, (Litvaitis, Sherburn & Bissonette, 1986) roe deer Capreolus capreolus 

(Tufto, Andersen & Linnell, 1996) and American black bear Ursus americanus (Powell, 

Zimmerman & Seaman, 1997). Male home range size in this mating system, on the other 

hand, is proposed to be influenced by two limited resources: receptive females and food 

(Sandell, 1989). In polygynous species males are usually larger than females (e.g. Clutton-

Brock, Harvey & Rudder, 1977) and larger home ranges could thus be due to both increased 

movement of males to consort with several females and sexual size dimorphism increasing 

the metabolic demands in males compared to females, which we term the “metabolic” 

hypothesis. Sandell (1989) reviewed the literature on home range size in solitary carnivores 

and argued that male ranges were larger than expected from metabolic needs. However, 

Sandell (1989) used a metabolic exponent 0.75 to control for body size, whereas Harestad & 

Bunnell (1979) found that home ranges for species categorised as having a carnivore diet 

increased with body mass to the 1.32 power. Furthermore, Sandell (1989) compared male and 

female ranges regardless of the reproductive status of females.  

The brown bear Ursus arctos is a solitary species with a polygynous/ promiscuous 

mating system (Craighead, Sumner & Mitchell, 1995) and the size of male ranges exceeds the 

size of female ranges (McLoughlin et al., 1999). This size difference in home ranges has 

rarely been discussed, but some have ascribed it to males roaming to consort females (e.g. 

McLoughlin et al., 1999), although the effect of sexual size dimorphism on metabolic needs 

and home range size has hardly been considered (but see McLoughlin et al., 1999). The 

brown bear is an omnivore, and Harestad & Bunnell (1979) found that home ranges of 
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omnivores scaled to body mass with an exponent of 0.92, based on an interspecific analysis. 

Thus, the “metabolic” hypothesis predict that the size of male ranges would be lone female 

range size * male mass0.92 / lone female mass0.92. Metabolic needs of females with young 

should exceed those in lone females as cubs are provided milk, and the total body mass of a 

family group could be twice that of a lone female. Thus, the “metabolic” hypothesis predict 

ranges to be larger in females with young than in lone females.  

Several studies on a variety of species have reported an inverse relationship between 

home range size and population density (e.g. Vincent et al., 1995 in roe deer; Nagy & 

Haroldson, 1990 and McLoughlin, Fergusson & Messier, 2000 in brown bears), whereas 

others have not found such a relationship (e.g. Sheperd & Swihart, 1995 in fox squirrel 

Scirius niger;). Except from a few experimental studies (e.g. , Mares et al., 1982 on the rodent 

Tamias striatus) it is hard to separate the effect of food availability from the pure density 

effect because population density often relates positively to food availability (e.g in wild boar 

Sus scrofa, Massei et al., 1997). Using brown bears, we tested the “population density” 

hypothesis that home range size relates inversely to population density, and predicted that, 

within an area with similar food availability, home range size would decrease with increasing 

population density. Our study contrasts most other studies because we evaluated the effect of 

population density from home ranges of individuals within a single population, and not from 

different populations. Thus confounding inter-population factors such as differences in habitat 

quality and food availability were eliminated. 

In general, high food productivity and quality allows an animal to meet its energy 

requirement in a small home range. This “food abundance” hypothesis predicts a negative 

relationship between food abundance and home range size, and most available data are 

consistent with this (e.g. Ostfeld, 1986 on California voles Microtus californicus), although 

the relationship may be more complex depending on food dispersion and vulnerability 

(Macdonald 1983). Brown bears have a circumpolar distribution on the Northern Hemisphere 

extending from productive temperate and subtropical forests to arctic tundra (Servheen, 

Herrero & Peyton, 1999). We predicted that home range size in brown bears should decrease 

along a habitat gradient, represented by arctic tundra, boreal and montane forests, mixed 

temporal forest with hard masts (oaks Quercus and beech, Fagus), and coastal areas with 

anadromous salmonids Oncorhyncus, as food abundance increases along this gradient. 
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METHODS 
Study areas  

The study was performed in two areas. The southern area (hereafter named south) is situated 

in Dalarna and Gävleborg counties, in south-central Sweden, and Hedmark County in south-

eastern Norway (61o N, 18o  E) and covers the southernmost part of the brown bear population 

in Scandinavia. The elevation ranges from about 200 m in the south-eastern part to about 

1,000 m in the western part at the Norwegian border, but only a very small part (< 10%) of 

the area is above timberline, which is at about 750 m. Lakes and bogs are common, but most 

of the hilly area is covered with pine Pinus sylvestris and spruce Picea abies dominated 

coniferous forest. Bear density ranged from 20-25/ 1000 km2 in the centre of the reproductive 

core area (see later definition) to as low as 0.5 bears /1000 km2 at the edge of the peripheral 

area (Sandegren & Swenson, 1997). In contrast, moose density averaged 700-800/1000 km2 

in the reproductive core area (Cederlund & Wallin, 1998) and 400-1340/1000 km2 in the 

peripheral areas (Persson, 1998). Thus, bear density was not related to density of moose, 

which is the major prey and second most important food item (Swenson, Dahle & Sandgren, 

2001). The northern study area (hereafter named north) is situated in the south-western part of 

Norrbotten County in Sweden (67° N, 18° E). The area is rolling with elevations below 300 m 

in the east, but is dominated by mountains that rise to over 2,000 m in the west. Northern 

boreal coniferous forest dominates, but there are extensive subalpine deciduous forests. Both 

study areas are sparsely populated by humans. On average, bears are active from April to 

November, reflecting the length of the snowfree period, which is somewhat shorter in the 

northern study area (Sandegren & Swenson, 1997).  

 

Capture and radio-monitoring 

During 1984-2000 brown bears were captured using immobilising drugs darted with a gas 

driven rifle from a helicopter. Bears were located either by tracking them on snow in the 

spring or locating adult radiomarked females to capture their young. Captured bears were 

weighed on a spring scale, and several body measurements, as well as blood, tissue and hair 

samples, were taken. The first premolar was extracted from bears other than the yearlings of 

radio-marked females and sent to Matson’s, Inc., Milltown, Montana, for age estimation by 

counting cementum annual layers (Craighead, Craighead & McCutchen, 1970).  

Radio transmitters, mounted on collars, were placed on the bears. Bears were located 

about once a week during their active period using standard triangulation methods from the 
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ground or from a plane or helicopter. Mean error in position obtained from the ground was 

452 m ± 349 m (SD), for test transmitters with minimum bearing lengths between 400 and 

2,200 m (Dahle, unpublished data). The relatively large error was related to the distance at 

which positions are obtained from and the hilly terrain. 

Both males and females may reach sexual maturity at the age of 3 (4 years for females 

in the northern study area) and have mated successfully at this age in both study areas 

(Swenson, unpublished data). However, especially males are active dispersers when they are 

2-3 years old, but all but one had settled before the age of 5 years. Female dispersal is limited 

and the range size of dispersing 2 year old females is similar to the size of the home range of a 

adult female. For this reason males were considered adult at the age of 5 and females were 

considered adult the year before they gave birth to their first litter, at latest aged 6 and 7 years 

in the south and north, respectively. Adult females belonged to three reproductive categories 

1) lone females, 2) females with cubs and 3) females with yearlings. The number of bears 

followed by radiotelemetry varied among years, but sufficient data to estimate annual range 

size indices were collected for 88 adult bears in the period 1986-2000 in the south and 1987-

1998 in the north. 

 

Population density 

In Sweden, female bears are concentrated in four geographically isolated areas termed 

reproductive core areas (Swenson et al., 1994). These core reproductive areas are defined as 

the 90% harmonic mean areas (Dixon & Chapman, 1980) of hunter-killed female bears during 

1981-1993 (Swenson, Sandegren & Söderberg, 1998). In general, the relative density of 

females is halved about every 19 km from the centre of a core reproductive area towards the 

edge, for males about every 31 km (Swenson et al., 1998). In contrast with most other studies 

comparing home range size at different population densities, our study deals with a 

continuous population. Further the population density gradient is not related to a 

corresponding gradient in food abundance, but is rather a result of historical events. After the 

abandonment of the former extermination policy the population started to recover, and since 

1930 there has been a sustained increase in population size, both in density and in distribution 

(Swenson et al., 1995; 1998).  

In the south, our field station is located around the centre of the southernmost core 

reproductive area in Sweden, although the exact centre of this area is difficult to locate. For 

practical reasons, to reduce the effect of a mismatch between the location of the centre of the 

core reproductive area and the location of our field station, female and male density was 
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considered to be constant within 10 and 15 km from our field station, respectively. Outside 

this area (with assumed constant density) the relative density of females, y, x km from our 

field station could be estimated as y = 0.5((x-10)/19) and the relative density of males z = 0.5((x-

15)/31).  

 

Home range estimators and statistics 

Annual home ranges were estimated by 95% minimum convex polygon (MCP, excluding 5% 

of the locations furthest away from the kernel coordinate which is the equivivalent of the 

Gaussian kernel estimator (Worton 1989)) using the Ranges V computer package (Kenward 

& Hodder, 1996). To follow Burt’s (1943) definition of home range, in which occasional 

sallies outside the area should be excluded, we used the 95% MCP because the most outlying 

position (which might be exploratory movements) are excluded (1 position for 16<n<31, 2 

positions for 30<n<50). Home ranges were additionally estimated by 100% MCP to 

accomplish comparisons with other studies. To obtain similar sample sizes for all individuals 

and simultaneously eliminate autocorrelated data, only locations separated by least 100 h 

were used. This corresponds to the minimum time between the weekly localisations. Because 

the time between successive locations was long, and the bears spend 5-7 months in their dens 

annually, a relatively low number of fixes was obtained for each individual. Small samples of 

locations underestimate home range size when using the MCP method (Macdonald, Ball & 

Hough, 1980) so throughout the paper our presented figures of home range size is more of an 

index, rather than a measure. Some bears in the south were followed more intensively and 

home ranges estimated from these bears were used to evaluate the validity of the home range 

estimates based on weekly positions. On average, bears leave their dens later in the spring and 

enter them earlier in the autumn in the north than in the south. Further, the collection of 

telemetry positions was hampered by weather conditions more often in the north, where 

almost all positions were obtained from the air, than in the south, where most positions were 

obtained from the ground. For this reason, the minimum number of locations to estimate 

annual MCP home range was set to 16 and 14 during their active period in the southern and 

northern study areas, respectively.  

Home range size estimates were log10-transformed prior to analyses to meet 

assumptions of normality and equal variance among groups of data (Sokal & Rohlf, 1995). 

Individuals were often followed more than one year, and the mean of all home range 

estimates for each individual when it belonged to the same reproductive category was used in 

the analyses. Because females were followed as they changed reproductive category we were 
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not able to use a single global general linear model (GLM) to test our specific predictions on 

how range size changes in relation to reproductive status. For this reason we used several 

GLM (both with independent data and with a repeated measurements procedure) and when 

necessary, paired t-tests. Two-tailed tests were used, and an α level of 0.05 was selected for 

statistical significance. SPSS/Win v. 10.0 (SPSS Inc., Illinois, USA) was used in all statistical 

analyses. The literature was reviewed for studies providing home range estimates for brown 

bears living in different habitat types. 

 

 

RESULTS 
During the period bears were active, more independent positions (> 100 h between positions) 

of each bear were obtained in the south (28.5 ± 4.9 SD for males and 27.6 ± 3.8 SD for 

females) than in the north (18.2 ± 3.8 SD for males and 19.45 ± 3.2 SD for females, F1,286 = 

238.96, P < 0.001) but it was not related to sex (F1,286 = 0.235, P = 0.63. Because the 

distributions of home range estimates were skewed before log-transforming the data, the 

median is presented instead of the mean. 

The estimated male home ranges (95% MCP), 1055 and 833 km2 in the south and 

north, respectively, were larger than the corresponding figures for lone females (217 and 280 

km2 respectively, F1.85 = 14.23, P < 0.001) (Table 1), while controlling for the sexual size 

dimorphism. Study area was not a significant factor in this model (F1.85 = 0.15, P = 0.70, but 

there was a significant study area*sex interaction (F1.85 = 4.15, P = 0.045) revealing that the 

difference between male and female ranges was less prominent in the north.  

Data on relative population density was only available for the southern study area, and 

thus the inclusion of this factor as a covariate removed the northern study area from the 

model. Home range size estimates in both sexes decreased with increasing relative population 

density (F1,58  = 22.97, P < 0.001), (Fig. 1) and sex was still significant (F1,58 = 49.09, P < 

0.001). Similarly home range size estimates of females with cubs decreased with increasing 

density (Fig. 1). The slopes of these regression lines were not different from each other (F2,77 

= 0.13, P = 0.88). 

The metabolic hypothesis predicted ranges to be larger for females with young than 

for lone females, but a GLM with repeated measurements revealed that the opposite was true 

regarding females with cubs (F1.35 = 34.64, P<0.001) and that this pattern was independent of 

study area (F1.35 = 1.0, P = 0.33). Further, range size of females with yearlings was not 
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different from that of lone females (paired t = 1.24, df = 10, P = 0.25), but was larger than in 

females with cubs (paired t = 2.43, df = 9, P = 0.038) (the study areas were pooled due to the 

small sample size of females with yearlings, especially in the south).  

Home ranges estimated by the 100% MCP method from the weekly positions were on 

average 1.22 ± 0.27 SD times larger than the 95% MCP. Further, home ranges estimated on a 

more frequently positioning (more than 75 positions with a minimum of 12 h interval) were 

on average 1.46 ± 0.52 SD and 2.0 ± 0.80 SD times larger for 95% and 100% MCP, 

respectively, than our presented figures for 95% MCP based on weekly positions. The relative 

increase in home range estimate by using a more frequent positioning was not related to the 

category of individuals (male, lone female and female with cubs, F2,36 = 0.35, P = 0.71, F2,36 = 

0.72, P = 0.49, respectively). The increase in home range size estimate from 95% MCP based 

on the weekly positions to 95% MCP based on the more frequent positioning was not related 

to the increase in the number of positions used in the home range size estimates (F1,36 = 0.82, 

P = 0.32), whereas the increase from 95% MCP bases on the weekly positions to 100% MCP 

based on the more frequent positioning was related to the increased number of positions used 

in the home range estimates (F1,36 = 101.28, P < 0.001). 

The literature review resulted in 13 references providing home range estimates of 

brown bears living in the four major habitat/environmental types. Data from arctic tundra 

(AT) and coastal areas with salmon spawning rivers (C) were only found in North America 

whereas data from mixed forests (MF) were only found in Europe (Fig. 2). Home range size 

estimates decreased markedly with increased food abundance in these habitat types both in 

males (r = -0.885, P < 0.001, N = 15) and females (r = -0.927, P < 0.001, N = 13, Spearman 

rank correlation). 

 

 

DISCUSSION 
The accuracy of home range estimates based on such small numbers of fixes is questionable 

and they are surely underestimates (McDonald et al., 1980). The home range estimates based 

on a more frequently positioning suggested that the true size of the home ranges were at least 

1.5-2 times larger than our figures obtained from the weekly positions depending on the 

estimator (95 or 100% MCP). The increase in home range size estimates from 95% MCP 

based on weekly position to MCP estimates based on a more frequent obtained positions was 

only related to the increase in number of positions for the 100% MCP, and this suggest that 
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the 95% MCP are less dependent on the sample size, because as new positions are added, 

more outlying positions are excluded. The underestimation of home range size was probably 

more pronounced in the north, because ranges were estimated based on relatively fewer 

telemetry positions than in the south, even when considering the somewhat shorter period of 

activity in the north. However, they should be comparable indices of the home range size for 

different individual categories. Further, most other studies also report home ranges estimated 

from a small number of fixes. Therefore, we considered them adequate to address the 

questions posed in this study.  

On the average, males had home range estimates that were 3.0-4.9 times larger than 

those of lone females, and significantly larger than predicted from metabolic needs in males 

relative to females. This excludes sexual size-dimorphism and the “metabolic” hypothesis as 

the major explanation for the difference in home range size, and supports the common view 

(e.g. Sandell 1989) that the larger home ranges in male than female reflects the 

polygynous/promiscuous mating system, in which males may increase fitness by roaming 

over large areas to consort females (e.g. Clutton-Brock, 1989; Fisher & Lara, 1999). 

To our knowledge, we are the first to report a significant relationship between annual 

home range size estimates and reproductive status in female brown bears, although several 

studies have indicated trends for ranges of females with cubs to be both smaller or larger than 

those of other reproductive status (IGBC, 1987). From the estimated home range sizes, female 

with young did not use larger ranges than lone females, in fact, females with cubs used the 

smallest ranges. This is contrary to what was predicted from the “metabolic” hypothesis. In 

spring and early summer cubs are small, and may perhaps limit the movements of their 

mother (e.g. Lindzey & Meslow, 1977; Hirsch, Bender & Haufler, 1999). This might explain 

why females with cubs used smaller home ranges than other females. However, in fall, and 

when they reach yearling age, their size per se should not limit their mother’s movement.  

Our results showed that sizes of home range size estimates varied inversely with 

population density, providing support for the “population density” hypothesis. In contrast to 

other studies, food availability can be ruled out as explanation for the observed population 

density effect in our study because habitat quality and moose density (the major prey, 

Swenson et al. 2001) were similar along the brown bear population density gradient. This 

gradient was a result of the expansion of a remnant population into suitable habitat. In fact, 

the per capita food availability should decrease with increasing population density. Our 

findings contradict the hypothesis that females utilise the minimum area that meets their 

energy requirements (Tufto et al., 1996). Nagy & Haroldson (1990) compared home range 
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size estimates among four different populations of brown bears in Canada, and observed a 

negative relationship between population density and home range size. They argued that this 

relationship was due to population density and not an effect of food availability, because the 

high-density populations with the smaller home ranges consisted of individuals with smaller 

body size and later sexual maturity, i.e. factors associated with poor nutritional conditions 

(Stringham, 1990). Thus, the relationship between food availability and home range size was 

positive (Nagy & Haroldson, 1990). As female black bears are reported to extend their home 

range into areas left vacant when neighbouring females were killed (Rogers, (1977), the 

density effect we observed in females was most likely due to interactions and competition 

among individuals, which has also been reported to decrease home ranges in species such as 

gray-tailed voles Microtus canicaudus (Wolff & Schauber, 1996). Ostfeld (1986) suggested 

the same mechanism to be operating in male California voles. Our results are also consistent 

with this explanation. Assumptions about home range size are sometimes used when 

estimates of population size are carried out (Linnell et al., 1998). As home range size indices 

are inversely related to population density, this may lead to an overestimation of population 

size where bears are found at low densities, if the home range estimates have been obtained at 

higher densities.  

The literature study revealed that the largest brown bear home ranges were found in 

the arctic Northwest Territories and may be explained by the unproductive arctic tundra with 

migrating food resources they inhabit (McLoughlin et al., 1999). The estimated home range 

sizes we found for brown bears in Scandinavia were comparable to those reported from North 

American boreal and montane populations with substantial use of large mammals in spring, 

and no use of spawning salmon (Blanchard & Knight, 1991). Bears inhabiting productive 

European temperate mixed forests, in which hard masts (oak and beech) provide a high-

quality food resource, have somewhat smaller ranges. Anadromous salmonids provide coastal 

brown bear populations in North America with abundant food, rich in protein and lipids, and 

home ranges are the smallest reported for the species. Even though population densities are 

highest in these coastal areas, body sizes are also the largest (Stringham, 1990), suggesting 

that the small home ranges are mainly due to the high food abundance and not the high 

population density. Thus, the decrease in home range size as the food abundance increases 

over the range of the species, supports the “food abundance hypothesis” and are consistent 

with results obtained within North America (McLoughlin et al., 2000). 

 We concluded that home range sizes were negatively related to population density and 

that differences in metabolic needs are not able to explain the variation in home range size 
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between males and females and among females of different reproductive categories. However, 

on a large geographical scale, home range size was negatively related to food availability. 
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Table 1. Annual 95% minimum convex polygon (MCP) home ranges of adult brown bears in 

the southern and northern study areas in Scandinavia (sample size in parentheses).  

 

Category 95% MCP  in km2     

 Median Range  25-75 

percentiles

South 

  m (27) 

 

1055 

 

314-8264 

 

745-1673 

  f lone (34) 217 81-999 144-348 

  f with cubs (22) 124 46-478 93-182 

  f with yearlings (3) 161 119-264  

North 

  m (9) 

 

833 

 

245-2029 

 

511-1084 

  f lone (18) 280 106-816 217-466 

  f with cubs (15) 137 21-723 96-318 

  f with yearlings (8) 370 188-469 279-437 
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Figure legends 
 

Figure 1. Relationship between brown bear home range size and relative population density 

in the south central Sweden; males (F1,26 = 7.38, R2 = 0.23, P = 0.012), lone females (F1,33 = 

17.04, R2 = 0.35, P < 0.001), females with cubs (F1,21 = 9.27, R2 = 0.32, P = 0.006). 

 

 

Figure 2. Annual 100% minimum convex polygon (MCP) home range estimates of brown 

bears in different habitat types. AT – arctic tundra, (Clarkson & Liepins (1989), McLoughlin 

et al. (1999). BF – boreal forest or montane forests with substantial use of large mammals, 

(this study, Blanchard & Knight (1991), Russel et al. (1979), Ballard, Miller & Spraker 

(1982), Nagy, Hawley & Barret (1988)). MF – mixed forest with hard mast (oak and beech) 

(Huber & Roth (1993), Kazsencky P (pers. com), Mertzanis Y (pers. com.), Clevenger, 

Purroy & Pelton (1990)) .C – coastal areas with salmon spawning rivers (Barnes (1990), 

Schoen, Lentfer & Beier (1986), MacHutchon, Himmer & Bryden (1993)). 
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[Figure 1, Dahle & Swenson] 
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[Figure 2, Dahle & Swenson] 
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Summary 
1. Data on seasonal ranges of 93 radio-collared adult brown bears (Ursus arctos) were used 

to test hypotheses explaining variation in range size in relation to male and female 

reproductive strategies.  

2. Both males and oestrous females used large ranges in the mating season, but decreased 

their ranges after the mating season. These results suggested that both sexes in this species 

roam to mate, because the results could not be explained by a seasonal change in food 

availability nor by increased foraging movements of oestrous females to replenish body 

reserves after previous cub raising.  

3. Females with cubs-of-the-year (cubs) restricted their range size in the mating season and 

increased their ranges in the postmating season. This finding suggests that females with 

cubs restricted their ranges to avoid contact with infanticidal males, an important cause of 

cub mortality, because the proposed alternative explanation; limited mobility of small 

cubs, was unable to explain the small size of mating season ranges.  

4. Our results suggest that range size in females is influenced by sexually selected 

infanticide, selecting for large mating season ranges and multiple mating in oestrous 

females to hide paternity and for restricted mating season ranges in females with cubs to 

avoid infanticidal males. 

5. To our knowledge, we are the first to report a significant relationship between seasonal 

range size and reproductive status in female brown bears and the first to report an effect of 

oestrus on seasonal range size in female carnivores.  

 

Journal of Animal Ecology 00, 000-000 

 

Key words: brown bear, seasonal home range size, reproductive status, infanticide 

avoidance, Ursus arctos,  
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Introduction 
The spatial and temporal distribution of resources, the defendability of these resources, and 

thereby the potential for polygamy, are important factors determining animal mating systems 

(Clutton-Brock & Harvey 1978; Clutton-Brock 1989). Male and female strategies for 

maximising their reproductive success differ in most mating systems, because the important 

resources differ for males and females (e.g. Clutton-Brock 1989). The availability and spatial 

distribution of food is probably the single-most important factor determining the spacing and 

size of female home ranges in species without male parental care (Clutton-Brock & Harvey 

1978). Results supporting this have been reported for several mammalian species where 

polygynous and promiscuous mating systems predominate (e.g. Ims 1987a; Tufto, Andersen 

& Linnel 1996; Powell, Zimmerman & Seaman 1997). In the absence of male parental care, a 

male’s reproductive success is proportional with the number of females with which he mates 

and successfully fertilises. Where females range widely and are solitary or live in small 

groups that are unpredictably distributed at low population density, males range widely in 

search for oestrous females (see Clutton-Brock 1989 for a review). Ims (1987b) argued that 

the temporal distribution of receptive females would be critical for male reproductive strategy, 

resulting in large home ranges when female receptivity is asynchronous.  

Brown bears (Ursus arctos L.) are solitary, occur at low densities, at least in northern 

European and North American inland populations (McLellan 1994; Swenson et al. 1994), and 

have a mating season that extends for about two months. From the male’s perspective, this 

makes the formation of harems impossible and makes it difficult and uneconomical to defend 

territories (Clutton-Brock 1989). The mating system in brown bears is therefore a scramble 

competition polygyny or promiscuity; one male may mate with several females, and a female 

may mate with several males (Craighead, Sumner & Mitchell 1995). Males may therefore 

benefit by having large home ranges (hereafter ranges) during the mating season, as has been 

reported for bridled wallabies (Onychogalea fraenata Gould) (Fisher & Lara 1999) and 

thirteen-lined ground squirrels (Spermophilus tridecemlineatus Mitchill) (Schwagmeyer 

1988), especially in low-density populations. Since male ranges overlap in bears (e.g. Huber 

& Roth 1993; Powell et al. 1997), ranges are predicted to be larger in the mating season than 

in the postmating season (Sandell 1989). However, few studies have analysed seasonal 

variation in range size in relation to mating behaviour.  

How mating may affect range size of females in species with a promiscuous mating 

system has received less attention. Large ranges in oestrous females during the mating season 
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should increase the probability of meeting several prospective mates, or just of being mated. 

Females may benefit from this through mate selection, mediated through male-male 

competition or female choice (Andersson 1994), hiding paternity as a counterstrategy against 

infanticide (Ebensperger 1998), fertilisation insurance (Gray 1997), sperm competition 

(Stockley & Purvis 1993), and selection of the most genetically compatible sperm (Wilson et 

al. 1997). Female marsupials (e.g. Fisher & Lara 1999) and ungulates (San Jose & Lovari 

1998) are known to roam, increasing their ranges during the mating season, and females tend 

to visit males with higher mating success (Liberg et al. 1998).  

We hypothesised that both male and female brown bears roam to mate (the “roam-to-

mate hypothesis” (1)), and predicted (1.1) that males and oestrous females would have larger 

ranges in the mating season than in the postmating season. Further we predicted (1.2) that 

ranges in the mating season would be larger in oestrous females than in females with 

dependent offspring (non breeding females). As successful males would benefit by siring 

several litters each year, the selective forces favouring males mating with several partners 

should far exceed those in females (Trivers 1972). We therefore predicted (1.3) larger mating-

season ranges in males than oestrous females. However, we did not expect ranges to be larger 

in males than females during the postmating season, after controlling for the effect of the 

sexual size dimorphism on metabolic needs, because females should not be a limiting 

resource for males at this time of the year. The adult sex ratio in brown bears was lower 

(fewer males per female) in our northern than in our southern study area during our study, 

probably due to a male bias in illegal hunting in the north (Swenson et al. 2001a). Oestrous 

females may therefore need to roam over larger areas to meet males in the north than in the 

south. From this we predicted (1.4) that ranges of oestrous females in the mating season 

would be larger in the north than in the south, but predicted no such difference in the 

postmating season.  

Larger range size of oestrous females during the mating season may also be explained 

by an alternative hypothesis (2), that oestrous females are no longer encumbered by young, 

and to replenish lost energy reserves they have increased foraging movements. This 

hypothesis predicts (2.1) that only females that raised cubs the previous year would have 

larger mating season than postmating season ranges. We tested this “increased foraging 

hypothesis” (2) by using females that were in oestrous for the first time, and thus not affected 

by previous cub raising.  

Infanticide, the killing of conspecific young, may influence the mating system in many 

mammalian species (Agrell, Wolff & Ylönen 1998; Ebensperger 1998). One proposed 
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explanation for infanticide is that a male may gain mating opportunities by killing the 

dependent offspring of females because this would shorten the interval to the female’s next 

conception (Hrdy 1979). This sexually selected infanticide hypothesis has gained support in 

several studies of social primates (e.g. Soltis et al. 2000), rodents (e.g. Soroker & Terkel 

1988) and carnivores (e.g. Pusey & Packer 1994; Swenson et al. 1997; 2001a). 

Infanticide in brown bears and American black bears (Ursus americanus Pallas) has 

been reported throughout the species’ range (see Taylor 1994 for a review). Although adult 

females may kill cubs of neighbouring females, it is more common that cubs are killed by 

adult males (LeCount 1987; McLellan 1994). Swenson et al. (1997; 2001a) concluded that 

sexually selected infanticide was a major agent of cub mortality in our studied populations, 

although cub survival was higher in the northern area. As a counterstrategy, females with 

dependent offspring should therefore avoid males during the mating season to increase the 

survival of their offspring (Ebensperger 1998). This could be achieved by females with 

dependent offspring selecting unfavourable habitats and avoiding habitats selected by males 

(Wielgus & Bunnel 1995), avoiding areas of overlap with males (Powell et al. 1997), and/or 

by restricting the size of their range during the mating season. Swenson, Dahle & Sandegren 

(2001b) analysed data on intraspecific predation on bears older than cubs from our study 

areas. Predation rates were generally low and did not differ between yearlings that separated 

from their mothers and yearlings that followed their mothers for one more year. Thus, females 

with yearlings would have little to gain by reducing their range during the mating season. For 

this reason we hypothesised (3, the “infanticide avoidance hypothesis”) that females with 

cubs have smaller ranges than oestrous females and females with yearlings due to restricted 

movements in the mating season to avoid contact with males. We predicted (3.1) that mating-

season ranges of females with cubs would be smaller than for oestrous females and females 

with yearlings, and (3.2) that mating season ranges of females with cubs would be smaller 

than postmating season ranges.  

Alternatively, females with cubs may have reduced ranges in the mating season 

because cubs are small, with limited mobility, at this time of the year (e.g. Lindzey & Meslow 

1977, but see Powell et al. 1997) a hypothesis we term “immobility of cubs hypothesis” (4). 

Dahle & Swenson (2003) reported an inverse relationship between range size and population 

density for brown bears in Scandinavia. The mobility of cubs should be independent of 

population density. Thus, in the mating season (when the cubs are small) the “immobility of 

cubs hypothesis” predicts (4.1.) that mating season ranges of females with cubs should be 

uninfluenced by population density. Because all but one of the analyses are based on paired 
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statistics, (comparing range size of the same individuals in different seasons and when they 

belong to different reproductive categories) population density in general should not influence 

our results. The four hypotheses and seven predictions are summarised in Table 1 of the 

Results section. 

 

 

Methods 
Study areas and species  
The study was performed in two areas. The southern area (hereafter named south) is situated 

in Dalarna and Gävleborg counties, in south-central Sweden, and Hedmark County in south-

eastern Norway (61o N, 18o  E) and covers the southern part of the southernmost brown bear 

population in Scandinavia. The elevation ranges from about 200 m in the south-eastern part to 

about 1,000 m in the western part at the Norwegian border, but only a minor part of the area is 

above timberline, which is at about 750 m. Lakes and bogs cover large areas, but most of the 

hilly area is covered with coniferous forest. In the southern study area, our field station is 

located in the centre of a female reproductive area (Swenson et al. 1995, 1998) from which 

the relative population density of females is halved for each 19 km (Swenson et al. 1998). The 

relative population density for each female with cubs was estimated from the distance 

between the field station and the location of the individual range (Dahle & Swenson 2003).  

The northern study area (hereafter named north) is situated in the southwestern part of 

Norrbotten County in Sweden (67° N, 18° E). The area is rolling with elevations below 300 m 

in the east, but is dominated by mountains that rise to over 2,000 m in the west. Northern 

boreal coniferous forest dominates, but there are extensive subalpine deciduous forests and 

alpine areas. Both study areas are sparsely populated by humans. On average, bears are active 

from April to November, reflecting the length of the snowfree period, which is somewhat 

shorter in the northern study area (Sandegren & Swenson 1997). The brown bear is a solitary 

species with no paternal care, young follow their mothers for one or two years, separating 

from them prior to, or early in, the mating season, which takes place during May-early July. 

Due to delayed implantation, cubs are not born until January the following year.  

 

Capture and radio-monitoring 
During 1984-2000 brown bears were captured using immobilising drugs (a mixture of 

tiletamin, zolazepan and medetomidin) administered by a gas driven rifle from a helicopter. 
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Bears were captured either after tracking them on snow in the spring or using adult 

radiomarked females to locate their yearling young. Captured bears were weighed on a spring 

scale, and several body measurements, as well as blood, tissue and hair samples, were taken. 

The first premolar was extracted from bears other than the yearlings of radio-marked females 

and sent to Matson’s, Inc., Milltown, Montana, for age estimation by counting cementum 

annual layers (Craighead, Craighead & McCutchen 1970).  

Bears were equipped with neck-mounted radio transmitters. Bears were located about 

once a week during their active period using standard triangulation methods from the ground 

or from a plane. Mean error in positions obtained from the ground was 452 m ± 349 m (SD), 

for test transmitters with minimum bearing lengths between 400 and 2,200 m (Dahle 

unpublished data).  

Males were considered adult at the age of 5, as males usually reach puberty at 4.5 

years  and younger males may still be in a dispersal phase. Females were considered adult the 

year before they gave birth to their first litter (when they are in oestrous for the first time), 

which for all females in the south had taken place before they were 6 years old and before 

they were 7 year in the north. Adult females were categorised as 1) oestrous females (females 

without dependent offspring and known to have given birth to a litter the subsequent year; 

they are called oestrous females even in the postmating season), 2) females with cubs 

throughout the year, and 3) females with yearlings throughout the year. The number of bears 

followed by radiotelemetry varied among years, but sufficient data to estimate seasonal 

ranges were collected for 93 adult bears in the period 1986-2000 in the south and 1987-1998 

in the north. 

 

Seasonal variation in food availability 
Seasonal changes in food availability and energetic demands may confound the effect of 

female reproductive status on range size. To evaluate how seasonal changes in food 

availability and energetic demand influence seasonal range size, we studied the seasonal 

ranges of 2-year-old nondispersing males and females. These individuals separated from their 

mothers the previous year, were not dispersing and were not reproductively active. Thus, 

seasonal range size in these individuals was expected to more closely reflect seasonal changes 

in food availability and energetic demands.  
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Range size estimators and statistics 
Seasonal ranges (mating season: 1 May-15 July and postmating season: 15 July-20 October) 

were estimated by the 100% minimum convex polygon (MCP) method using the Ranges V 

computer package (Kenward & Hodder 1996). To obtain similar sample sizes for all 

individuals and simultaneously eliminate autocorrelated data, only locations separated by 

least 100 h were used. This corresponds to the minimum time between the weekly 

localisations. Because the time between successive locations was long, and the bears spend 5-

7 months in their dens annually, a relatively low number of fixes was obtained for each 

individual. We used 8 locations as the minimum to estimate seasonal ranges. Boxplots were 

used to screen data on range size estimates for extremes, which are cases with values more 

than 3 times larger or smaller than the interquartile range (SPSS/Win v. 8.0 (SPSS Inc., 

Illinois, USA). Extremes were excluded prior to statistical analyses, because they can greatly 

influence the results of statistical tests (Norusis 1998). 

Range size estimates were log10-transformed prior to analyses to meet assumptions of 

normality and equal variance among groups of data (Sokal & Rohlf 1995). Individuals were 

often followed more than one year, and the mean of all ranges for each individual, when it 

belonged to the same reproductive category and in the same season, was used in the analyses. 

An α level of 0.05 was selected for statistical significance, but the α level was adjusted by the 

sequential Bonferroni method in the 7 t-tests used (Sæther 1997). SPSS/Win v. 8.0 (SPSS 

Inc., Illinois, USA) was used in all statistical analyses. Two-tailed tests were used unless the 

direction of the difference was predicted. Because the distributions of range estimates were 

skewed before log-transforming the data, the median is presented instead of the mean. 

 

 

Results 
Due to the large number of hypotheses and predictions these are summarised in Table 1. The 

effects of season and area on the seasonal ranges of males and oestrous females were analysed 

using a GLM with repeated measurements. As predicted (1.1) by the “roam to mate 

hypothesis” both males and oestrous females used larger ranges in the mating season (m: 894 

and 736 km2; f: 161 and 278 km2 in the south and north, respectively) than in the postmating 

season (m: 501 and 424 km2; f: 107 and 123 km2 in the south and north, respectively) (F1,74 

= 39.72, P < 0.001, Fig 1). Further, as predicted (1.3) males used larger seasonal ranges than 

females (F1,74 = 22.84, P < 0.001), but unexpectedly this pattern was not related to season 
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(F1,74 = 0.05, P = 0.94). The size of seasonal ranges was not related to study area alone (F1,74 = 

0.30, P = 0.58), but there was a significant sex*study area interaction (F1,74 = 6.28, P = 0.014), 

and profile plots indicated that the sex difference in range size was less prominent in the north 

than in the south during both seasons (Fig. 2). Although range size was not related to study 

area alone, we tested specifically the prediction (1.4.), that oestrous females in the north 

would use larger ranges than oestrous females in the south in the mating season, but that they 

should not be different in the postmating season. As predicted, mating season ranges of 

oestrous females tended to be larger in the north than in the south (t47 = 2.14, P = 0.019, 

(Bonferroni adjusted α = 0.013), but not postmating season ranges (t47 = 0.84, P = 0.40). 

Contrary to prediction (2.1) by the “increased foraging hypothesis”, females that were 

oestrous for the first time also had larger ranges in the mating season (191 km2) than in the 

postmating season (121 km2, t28 = 3.74, P = 0.001). 

As predicted (1.2) both by the “roam to mate hypothesis” and (3.1) by the “infanticide 

avoidance hypothesis”, oestrous females used larger ranges during the mating season (161 

and 278 km2 in the south and north, respectively) than females with cubs, (76 and 61 km2 in 

the south and north, respectively) (F1,32 = 96.97, P < 0.001, Fig 1). This result was not 

influenced by study area (F1,32 = 1.85, P = 0.18), and there was no significant study 

area*reproductive status interaction (F1,32 = 2.69, P = 0.11). As predicted (3.2) females with 

cubs used smaller ranges in the mating season (76 and 61 km2 in the south and north, 

respectively) than in the postmating season (132 and 169 km2 in the south and north, 

respectively) (F1,33 = 62.061, P < 0.001, Fig. 1). Range size was not related to study area in 

itself, but there was a significant study area*season interaction (F1,33 = 5.546, P = 0.025). A 

profile plot indicated that the seasonal change in range size of females with cubs was more 

prominent in the northern area, due to larger range size in the postmating season, as also 

indicated in Fig. 1. Seasonal ranges of females with cubs decreased significantly with 

increasing relative population density (F1,23 = 6.47, R2 = 0.22, P = 0.018), contrary to 

prediction (4.1) by the “immobility of cubs hypothesis”. 

Only three females stayed together with their yearlings in the south so data from the 

two study areas were pooled. Contrary to prediction 1.3 in the “roam-to-mate hypothesis”, 

range size in females with yearlings in the mating season (226 km2) was not smaller than 

when in oestrus (t8= 1.36, P = 0.10), but tended to be larger than when with cubs, as predicted 

(2.1) by the “infanticide avoidance hypothesis” (t7 = 2.71, P = 0.015, Bonferroni adjusted α = 

0.01). No significant seasonal variation in range size was apparent in females with yearlings 

(261 km2 in the postmating season) (t8 = 1.16, P = 0.28, Fig. 1).  
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Seasonal ranges in non dispersing 2-year-old males and females showed a slight, but 

statistically significant increase from 69 km2 in the mating season to 76 km2 in the post 

mating season (t22 = 3.37, P = 0.003). 

 

 

Discussion 
To our knowledge, we are the first to report a significant relationship between seasonal range 

size and reproductive status in female brown bears and the first to report an effect of oestrus 

on range size in a carnivore. Oestrous females used larger areas in the mating season than in 

the postmating season, most likely to enhance opportunities to meet prospective mates, thus 

allowing increased mate selection opportunities, supporting the “roam-to-mate 

hypothesis”(1). In polygynous roe deer (Capreolus capreolus L.), females often expand their 

ranges during the rut, probably for the same reason ( Liberg et al. 1998), especially those with 

small ranges (San Jose & Lovari 1998). A similar increase in range size during the mating 

season has been reported in female alligators (Alligator mississippiensis Daudin) (Rootes & 

Chabreck 1993) and bridled wallabies (Fisher & Lara 1999). In a low-density hunted 

population of white-tailed deer (Odocoileus virginianus Zimmermann), females adopted an 

active search-for-mate strategy during the rut (Labisky & Fritzen 1998). The male/female 

ratio in adult brown bears was lower in the north than in the south during our study, probably 

due to a male bias in illegal hunting (Swenson et al. 2001a). Oestrous females may therefore 

need to roam over larger areas to meet adult males in the north than in the south. The median 

of range size of oestrous females in the mating season was nearly twice as large in the north 

than in the south. Because the median range in the postmating season was similar in these 

areas, the difference in range size in the mating season was probably not due to differences in 

food availability, but that females roamed more to search for mates in the north than in the 

south. In species where sexually selected infanticide occurs, mating with several males will 

increase paternal uncertainty, thereby possibly reducing the probability of loosing dependent 

offspring to infanticidal males (Hrdy 1979; Ebensberger 1998; Soltis et al. 2000). Thus, 

sexually selected infanticide may represent another selective pressure favouring roaming in 

oestrous females.  

Mating ranges were larger than postmating ranges in males, providing support for the 

“roam-to-mate hypothesis”. The seasonal changes in range size in males was therefore 

probably due to a change in limiting resources, from receptive females in the mating season to 
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food availability and dispersion in the postmating season. Extreme seasonal changes in range 

size in male stouts (Mustela erminea L.) was also explained in this way (Erlinge & Sandell 

1986). However, because male range sizes were larger than those of oestrous females also in 

the postmating season, range size in males during this season seemed to be influenced by 

some other unknown factors as well. We speculate that males may be updating information on 

competitors, immigrants and potential mates for the next breeding season. 

Range size in females with yearlings contradicted the “roam-to-mate hypothesis”, as 

they had mating season ranges that were not different from those of oestrous females. The 

large ranges in the mating season perhaps may be explained by an increased energy demand 

in these family groups (in which the total body mass may be twice as large as that of an 

oestrous female), when compared to those of oestrous females and females with cubs. 

The increase in range size from the mating season to the postmating season observed 

in females with cubs and the fact that females with cubs used smaller ranges than oestrous 

females and females with yearlings during the mating season, provided support for the 

“infanticide avoidance hypothesis” (3), but could also be expected from the “immobility of 

cubs hypothesis” (4). However, the inverse relationship that we observed between population 

density and range size of females with cubs during the mating season contradicted the 

“immobility of cubs hypothesis” (4). Thus, the increase in range size observed in females with 

cubs from the mating season to the postmating season was not merely a result of increasing 

mobility of cubs as they grew older. Several authors have reported that the presence of cubs 

restricted movements of female bears for several months (e.g. Lindzey & Meslow 1977), 

whereas others have reported restricted movements only for a short period immediately after 

emergence from the dens (Reynolds & Beecham 1980) and that females with cubs were more 

active during spring than any other age and sex category, including adult males (Powell et al. 

1997). However, no authors have discussed whether these restricted movements were actually 

due to low mobility of the cubs, which is an unlikely explanation considering their high 

activity levels (Powell et al. 1997), or whether this was an adaptive behaviour by the female 

to avoid contact with conspecifics, as we suggest. Although the evidence for female 

avoidance of infanticidal males as a counter strategy to infanticide is rather limited 

(Ebensperger 1998), it has been suggested to be operating in brown bears (Murie 1981; 

Wielgus & Bunnel 1995). 

Most previous studies of seasonal movements and range size in bears have related 

these to seasonal shifts in food habits, not mating behaviour, and thus, seasons have been 

defined differently than in our study. Alt, Alt & Linzey (1976) and Rogers (1987) observed 
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that adult female American black bears increased their daily movements when in oestrous, 

though they did not calculate ranges during the mating season.  

One alternative explanation for the seasonal shift in range size that we observed could 

be that movements were linked to seasonal changes in food availability and dispersion 

patterns, as food habits differ between these seasons (Dahle et al. 1998). However, range size 

of nondispersing two-year-olds only increased slightly (10%) from the mating to the 

postmating season and thus in the opposite direction of the change in range size observed in 

oestrous individuals. Further, the increase in range size of two-year-olds (10%) was not large 

enough to explain the increase (74-177%) in range size from the mating to the postmating 

season in females with cubs. Although range size of individual bears is probably influenced 

by food availability, the seasonal change in range size of two-year-olds suggests that seasonal 

changes in food availability and dispersion only have minor impact on seasonal range size in 

this study. 

Even though the accuracy of range estimates based on such small numbers of fixes is 

questionable, they should be comparable indices of the range size for different individual 

categories. Therefore, we considered them adequate to address the questions posed in this 

study.  

We conclude that mating activities strongly influenced range size in Scandinavian 

brown bears. Both males and oestrous females probably roam widely to mate and decrease 

their range after the mating season. Females with cubs, on the other hand, minimise their 

range size during the mating season, probably to reduce the risk of infanticide and also 

perhaps partly due to reduced mobility of the small cubs in the mating season. Thus sexually 

selected infanticide seem to influence range size in females, selecting for large mating season 

ranges and multiple mating in oestrous females to hide paternity and for restricted mating 

season ranges in females with cubs to avoid infanticidal males. 
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Table 1. Summary of hypotheses and predictions 

Hypothesis    Prediction Supported

1 Roam to mate hypothesis Yes 

   1.1 Mating-season ranges would be larger than postmating-season ranges in  

         males and oestrous females yes 

   1.2 Mating-season ranges of oestrous females would be larger than for females  

         with dependent offspring yes/no 

   1.3 Mating-season ranges would be larger in males than oestrous females yes 

   1.4 Mating-season ranges of oestrous females would be larger in the north than  

         in the south yes 

2 Increased foraging hypothesis No 

   2.1 Only females that raised cubs the previous year would have larger ranges in  

         the mating season than in the postmating season no 

3 Infanticide avoidance hypothesis Yes 

   3.1 Mating-season ranges of females with cubs would be smaller than for   

         females in oestrous and females with yearlings yes 

   3.2 Mating-season ranges would be smaller than postmating-season ranges in  

         females with cubs yes 

4. Immobility of cubs hypothesis No 

   4.1 Mating-season ranges of females with cubs would be uninfluenced by  

         population density no 
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Figure legends 
 

Figure 1. Seasonal 100% minimum convex polygon (MCP) in Scandinavian brown bear 

males, females in the south and females in the north. Boxes represent the interquartile range 

containing 50% of the values. The error bars are the 5th and 95th percentiles, and  are 

outliers beyond the 5th and 95th percentiles. Extremes ( ) are cases with values more than 3 

times smaller or larger than the interquartile range and were excluded in statistical analyses.  a 

Two extremes are not displayed in the mating season in the south (8407 and 15305 km2). b 

Includes three females with yearlings in the south. 

 

Figure 2. Estimated marginal means of lg10 seasonal 100% minimum convex polygon 

(MCP) of males and oestrous females in the southern and northern study area in the mating 

season and postmating season. 
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[Figure 1, Dahle & Swenson] 
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[Figure 2, Dahle & Swenson] 
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