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Life and Death in Wolverines – Linking Demography and Habitat 
for Conservation 

Abstract 

Developing trustworthy conservation planning for endangered species requires a deep 
understanding of the variations of their populations in both space and time. I used 
individual-based long-term location and demographic data on wolverines (Gulo gulo) 
in Northern Sweden, and data on reproductions from the national monitoring systems 
of Norway and Sweden, to analyze how wolverine demography in Scandinavia is 
affected by variation in habitat and management policies. Wolverines showed age-
related patterns of reproduction and reproductive costs, which were influenced by 
seasonal resources. The top predator Eurasian lynx (Lynx lynx) increase scavenging 
opportunities on reindeer (Rangifer tarandus) carrion, and wolverines and lynx selected 
for the same habitats when sharing prey base and sources of adult mortality. Illegal 
killing was a main source of adult mortality in brown bears (Ursus arctos), lynx and 
wolverines in northern Sweden, and the risk of being illegally killed was in general 
higher in national parks and on reindeer calving grounds, and lower in forest and steep 
terrain. At population level, the reproductive range of wolverines was set by latitude 
and elevation; presence of reindeer and lynx, rugged terrain and higher primary 
production had a positive effect; whereas human dominated habitats negatively 
influenced the frequency of reproductions. Different management policies influenced 
the frequency of wolverine reproductions; in Sweden this was 2 times higher than in 
Norway. Finally, I show that in Sweden, adult female wolverines were illegally killed 
at lower rates than males. Thus, the Swedish carnivore conservation payment system, 
which pays for wolverine reproductions, protects the demographic segment that is most 
important for population growth. Carnivores impose negative impact on rural 
economies and herding cultures in Scandinavia, and there will be need for continued 
monitoring combined with economic incentives to ensure carnivore-human co-
existence. The approach of linking life histories to habitat has the potential for in-depth 
studies of mechanisms shaping spatial and temporal variation in populations, and 
should be implemented in future adaptive management for species persistence. 
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1 Introduction 
Developing trustworthy conservation planning for endangered species requires 
a deep understanding of the variations of their populations in both space and 
time. Those variations are increasingly affected by human activities, both 
indirectly through loss and fragmentation of habitat or climate change and 
directly through hunting or poaching (Diamond, 1984), especially in large 
carnivores (Ray et al., 2005). There is a substantial and increasing body of 
ecological research on habitat selection or demographic parameters. For 
example, presence/absence or radio-tracking data have been used to develop 
habitat selection models and to compute age-specific demographic rates. 
Relative to this, there are fewer, but with an increasing number of, attempts to 
provide a unifying approach merging these two critical aspects of animal 
ecology: habitat and demography (Gaillard et al., 2010). 

In particular, researchers often pay little or no attention to the differences in 
birth and death rates that occur in different habitats (Garshelis 2000, but see 
e.g. McLoughlin et al., 2007; Johnson et al., 2004). Combining studies of 
demography and habitat could give precise knowledge of both what determines 
population growth in different areas and identify demographic suitability of 
different habitats (Falcucci et al., 2009; Nielsen et al., 2006). Suitability can be 
defined as the ability of a habitat to sustain life and support population growth 
(Garshelis, 2000). To assess a species’ needs, researchers commonly study 
habitat use and infer selection and preference. Such studies are often based on 
records of presence of individuals or populations; however, presence and/or 
density can often be misleading as indicators of what areas are suitable for a 
species (Hobbs & Hanley, 1990; VanHorne, 1983). In fact, the assumption that 
one can infer habitat suitability from studies of habitat selection is a serious 
flaw (Garshelis, 2000). The best measure of habitat quality is to test its effect 
on demographic parameters. 
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1.1 The wolverine 

Wolverines (Gulo gulo) inhabit a Holarctic range (Copeland et al., 2010; 
Pasitschniak-Arts & Lariviere, 1995) defined by a bioclimatic envelope of 
spring snow and low summer temperatures (Copeland et al., 2010). Their 
reproductive chronology and extensive food hoarding suggest that they are 
specifically adapted to exploit a cold, unproductive niche where resources are 
scarce and interspecific competition is limited (Inman et al., 2012a; Inman et 
al., 2012b). Wolverines are sensitive to human disturbance in terms of 
development and roads (May et al., 2012; Krebs et al., 2007; May et al., 2006). 

Wolverine females exhibit low reproductive rates, with long inter-birth 
intervals (Persson et al., 2006). Wolverine reproduction is characterized by 
delayed implantation, short gestation length, reproductive denning behavior, 
and continuing maternal care following weaning (Inman et al., 2012a). The 
timing of birth is earlier in wolverines than in other non-hibernating northern 
carnivores (Inman et al., 2012a), and the female cares for the cubs in 
reproductive dens during the snow season (May et al., 2012; Magoun & 
Copeland, 1998), yielding dependent young at the onset of spring (Inman et al., 
2012a). The cubs rely on maternal resources, including food and territory until 
age of dispersal (in average 11 months; Vangen et al., 2001b). The most 
important demographic parameter for population growth in wolverines is 
survival of adult females. Wolverines display year-round intra-sexual exclusive 
territoriality (Mattisson et al., 2011c). Their body mass is 10 and 14 kg for 
females and males respectively. 

The wolverine is an opportunistic predator and facultative scavenger that 
often depend on scavenging (Mattisson et al., 2011a; Dalerum et al., 2009; van 
Dijk et al., 2008). It is well adapted to find ungulate carcasses, which are often 
cached for later consumption (Haglund, 1965). Although the wolverine is a less 
skilled hunter (Haglund, 1965) it can be a significant predator on juvenile 
ungulates (Gustine et al., 2006; Landa et al., 1999; Bjärvall et al., 1990). 
During winter, ungulates in terms of both prey and carrion constitute the main 
food source (Inman et al., 2012a; Mattisson et al., 2011a; van Dijk et al., 2008; 
Haglund, 1966), and the presence of other large predators might increase food 
availability in form of increased scavenging opportunities (Koskela et al., 
2012; Mattisson et al., 2011a; van Dijk et al., 2008). A vital adaption among 
wolverines to their cold and seasonal environments is extensive food hoarding 
(Inman et al., 2012a), and increased resources during the pre-breeding season 
in terms of ungulate carrion is reported to reduce wolverine reproductive costs 
(Persson, 2005). There is limited information on wolverine summer food 
(Inman et al., 2012a), but rodent abundance is reported to positively influence 
wolverine reproduction (Landa et al., 1997). 
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1.2 The Scandinavian wolverine population  

1.2.1 Population history 

The Scandinavian wolverine population decreased during the 20th century due 
to intense persecution encouraged by a bounty system (Flagstad et al., 2004; 
Persson et al., 2003). When the bounty system was implemented, denning 
females with offspring were especially exposed to harvest, because bounties 
were paid per individual, and animals in den sites were easier to find and kill 
(Haglund, 1965). Increased accessibility following the introduction of 
snowmobiles accentuated the decline in the 1960s when the population size 
was at its lowest (Haglund, 1965). Despite the introduction of total legal 
protection in 1969 and 1973 in Sweden and Norway respectively, the recovery 
of the population was very slow (Bjärvall & Ullström, 1985). When large scale 
monitoring was first established in 1996 the population estimates were 265 and 
147 individuals in Sweden and Norway respectively (Landa et al., 1998). 
Subsequently, the number of registered reproductions has increased with 3.8 % 
per year and the estimated population size was 552-790 and 308-426 (90% CI) 
individuals in 2010 (Persson & Brøseth, 2011, Fig.1) with the population 
expanding into previously unoccupied areas (Aronsson & Persson, 2012). 

 

 
Figure 1. Number of wolverine reproductions in Norway and Sweden during 1996-2012. 
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1.2.2 Wolverine management 

The Scandinavian wolverine management represents an interesting case since 
we have two countries sharing a population, while having diverging 
management policies regarding population goals, harvest regimes, and 
economic incentives for human-carnivore coexistence. Norway allows a public 
hunt with a generous quota, and conduct extensive lethal control of wolverines 
(Brøseth et al., 2010, Fig. 2). National population goals are distributed into 
regional management zones, and in southwestern Norway (Fig. 3) the present 
policy is a “zero-tolerance” regarding wolverine reproductions to minimize 
conflicts with sheep husbandry. In Sweden there is no public hunt, and only 
limited lethal control has been allowed (Fig. 2). Instead, poaching is the main 
source of human-caused mortality in Sweden (Persson et al., 2009). 

 
 

 
Figure 2. Annual harvest of wolverines in Norway (dashed bars) and Sweden (black bars). 
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Wolverines and semi-domestic reindeer (Rangifer tarandus) in Scandinavia 
represent an extreme case of predator-livestock coexistence, and a unique 
conservation challenge. The wolverine is red-listed (in Norway as endangered 
[EN]; Swenson et al., 2010, in Sweden as vulnerable [VU]; Gärdenfors, 2010), 
and largely dependent on semi-domestic reindeer (Persson 2005; Mattisson et 
al. 2011a). Semi-domestic reindeer are private property owned by indigenous 
Sámi people, and depredation by wolverines and other predators on reindeer 
creates conflicts between carnivore conservation and sustainability of an 
important part of an indigenous culture (Hobbs et al. 2012). The two countries 
have implemented different economic incentives to facilitate human-carnivore 
coexistence. In the Swedish reindeer husbandry area, a conservation 
performance payment system is implemented based primarily on the number of 
reproductions (Zabel & Holm-Müller, 2008; Swenson & Andrén, 2005). 
Depredation on all livestock in Norway, mainly sheep (Landa et al., 1999) and 
semi-domesticated reindeer (Mattisson et al., 2011b), and other livestock than 
reindeer in Sweden is compensated directly in relation to depredation events 
(Swenson & Andrén, 2005). 

 
Figure 3. Norway and Sweden with all documented wolverine reproductions (n=1442) during 
2001-2011 (dots). 
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1.3 Objectives 

The aim of this thesis was to investigate how wolverine demography in 
Scandinavia is affected by variation in habitat (here defined in its broadest 
sense; including vegetation classes, landscape features, species interactions, 
human land use), and different regional and national management policies. To 
do this, I used individual-based long-term location and demographic data 
(mortality and reproduction) from a study area in Northern Sweden. In 
addition, I used data on wolverine reproductions from the national monitoring 
systems of Norway and Sweden. The main questions were: 

 
 Paper I: Do species ecology or interspecific interactions result in 

differential habitat selection in sympatric Eurasian lynx and wolverines? 
 Paper II: Can human activity and land use explain spatial variation in risk of 

mortality in brown bears, lynx, and wolverines? 
 Paper III: Do individual wolverines show age-, habitat-, or year-specific 

patterns of reproductive output and reproductive costs? 
 Paper IV: Which environmental variables explain the spatial distribution of 

wolverine reproductions in Scandinavia?  
 Paper V: How is wolverine survival influenced by the Swedish carnivore 

performance payment system?  
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2 Methods 

2.1 Study area 

The study was mainly carried out in Jokkmokk and Arjeplog municipalities in 
northern Sweden (Fig. 4; 67ºN, 17ºE). The area is characterized by large spatial 
and seasonal heterogeneity, and spans gently rolling hills and valleys at about 
300 m a.s.l. to high mountainous plateaus and peaks up to 2 000 m a.s.l., 
encompassing distinct vegetation gradients within short distances. Vegetation 
at lower elevations mainly consist of mixed conifer forest (Scots pine Pinus 
sylvestris and Norway spruce Picea abies) interspersed by numerous bogs and 
lakes, followed by mountain birch (Betula pubescens) forest which form the 
tree line at 600-700 m a.s.l. The alpine tundra above tree line is vegetated by 
dwarf birch (Betula nana) and willow (Salix spp.) shrubs, succeeded by lower 
growing heaths, grass and meadows, bare rock and glaciers. The climate is 
continental with distinct seasons, and the ground is usually snow-covered from 
October until May. Mean onset of greenness in the area was ~ 1 June, and the 
primary production peaked around 15 July (MODIS, 2012).  

The study took place in and adjacent to the largest national parks in 
Sweden; Sarek, Stora Sjöfallet and Padjelanta. Sarek and Stora Sjöfallet were 
among the nine Swedish national parks founded in 1909 as the first in Europe. 
Together with other protected areas, the three national parks form the 9 400 
km2 Laponia UNESCO world heritage site; one of the largest protected area 
networks in Europe. The justification for UNESCO world heritage designation 
included its nature qualities and indigenous Sámi reindeer herding culture. The 
area constitutes important spring-to-fall grazing areas and spring calving 
grounds for semi-domestic reindeer. During winter the reindeer herds were 
moved to coniferous forest closer to the coast (Danell et al., 2006), but some 
reindeer remained also during the winter season.  
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Human infrastructure, agriculture and road density was very low, both 
inside and outside the park. Snowmobile access and hunting inside the NPs is 
restricted to reindeer herders and park rangers. 

2.2 Capture and immobilization 

Individual wolverines were immobilized (adults were darted from helicopter or 
from the ground and juveniles were captured by hand; Fahlman et al., 2008) 
and equipped with radio transmitters, either Very High Frequency [VHF] 
collars, Global Positioning Satellite [GPS] collars, or intraperitoneally-
implanted VHF transmitters. The continuously updated capture and handling 
protocols (Arnemo et al., 2011) were approved by the Animal Ethics 
Committees in Sweden and fulfill the ethical requirements for research on wild 
animals. 

2.3 Location data 

We located individual animals either by manually radio tracking VHF 
transmitters from fixed-wing airplane, helicopter, or from ground, or by 
automated GPS location sampling. The GPS locations were downloaded 
directly from the collars (e.g. from drop-off collars or collars retrieved at 
recapture), downloaded by VHF signals to a receiver, or automatically 
transferred by Global System for Mobile Communication [GSM]. Location 
data were analyzed in ArcGIS 9.3™ (©1999-2004 ESRI Inc). 

2.4 Reproduction 

During the denning period (Jan-May), we radio located and monitored adult 
females intensively to evaluate whether they displayed denning behaviors that 
indicate a reproductive event. Because wolverines mostly have dens consisting 
of large tunnel systems in deep snow (May et al., 2012; Magoun & Copeland, 
1998) we were not able to observe the number of cubs originally given birth to 
by the denning female wolverines. In the period succeeding the abandonment 
of dens (May-June), we located potential mothers and visually observed the 
number of cubs accompanying her. We also marked all the cubs we were able 
to capture, and those that did not disperse out of the area were continuously 
monitored throughout their life. Thus, a high portion of the individuals were of 
known age, as they were captured as juveniles following their marked mother. 
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2.5 Mortality 

We attempted to determine the cause of death for all individuals that died while 
carrying a functional radio-transmitter. The animals we found dead were 
examined carefully in the field and sent to the Swedish National Veterinary 
Institute for necropsy. However, in some cases the cause of death could not be 
reliably determined and were classified as unknown. Studying illegal killing of 
carnivores is extremely challenging; there is a strong incentive to conceal it 
because it is illegal and those responsible risk jail sentences (Liberg et al., 
2012; Persson et al., 2009; Andrén et al., 2006). We documented 22 cases 
when large carnivores were definitively killed illegally; e.g. the body was 
found shot, animals with collars removed but with functioning radio implants 
or smashed or cut-off/out and attempted hidden radio-transmitters (Persson et 
al., 2009; Andrén et al., 2006). In addition there were several occasions where 
we lost contact with an animal, and whose fate was difficult to determine. We 
know that people may remove or destroy radio-transmitters on animals they 
kill illegally, but telemetry units may also malfunction and young individuals 
may disperse from the study area (Samelius et al., 2012; Vangen et al., 2001a; 
Swenson et al., 1998). We therefore classified animals we lost contact with as 
“likely illegally killed” or of “unknown fate”, based on several criteria 
(Persson et al., 2009; Andrén et al., 2006). 

2.6 Monitoring data 

We used official annual survey data on wolverine reproductions (2001-2011) 
and lynx family groups (2003-2011) from the Swedish Environmental 
Protection Agency and County Administration Boards in Sweden and the 
Norwegian Directorate for Nature Management and State Nature Inspectorate 
(SNO) in Norway. 

The wolverine survey is performed from March to June and registered 
reproductions are based on documentation of den sites, tracks of females with 
cubs or visual observations of cubs after den abandonment (c.f. Landa et al., 
1998). Documentation of a den site requires observations of concentrated 
activity of tracks for >3 weeks. Possible den sites with activity <3 weeks are 
revisited after snowmelt to document signs of a den (e.g. several beds, large 
amounts of scats, cub hair, prey remains; Brøseth & Andersen, 2009). The 
majority of reproductions are documented at or close to the den site. Thus, 
spatial coordinates of reproductions provide a strong indication of the activity 
center of wolverine females during the denning period. The number of 
wolverine reproductions is assumed to give a representation of all wolverines 
in the population (Landa et al., 1998). 
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2.7 Environmental data 

For the analysis of habitat-specific survival we applied three continuous 
topographical raster maps: elevation, terrain ruggedness, and slope, one 
categorical vegetation raster, and two vector maps representing human land 
use: national parks and calving grounds of semi-domesticated reindeer (Table 
3). Elevation was obtained from a 50 m x 50 m digital elevation map 
(Geographical Data Sweden [GSD], National Land Survey of Sweden). We 
calculated terrain ruggedness and slope from the elevation map using the tool 
“Vector Ruggedness Measure” (VRM; Sappington et al., 2007 in ArcGIS 
9.3™ ©1999-2004 ESRI Inc.). Vegetation was obtained from a 25 m x 25 m 
vegetation map (Swedish Land Cover [SMD], National Land Survey of 
Sweden). The national parks data was obtained from a Nature Conservation 
Area vector map (Geographical Data Sweden 2008), and the reindeer calving 
grounds were based on a map from the county administrations in Sweden (GIS 
data Länsstyrelserna© 2000-2008, SWECO). A spring snow cover index was 
provided from Copeland et al., (2010).We used the mean integrated normalized 
difference vegetation index (NDVI) through the green season (June-Sept) on a 
250 x 250 m scale to represent spatial and annual variation in primary 
production as a proxy for the distribution of alternative small prey (ORNL 
DAAC, 2012). To account for annual variation in winter severity, we used the 
mean winter (Nov-March) values of the North Atlantic Oscillation Index 
(NAO). A rodent index was derived from the National Environmental 
Monitoring Programme in Sweden for the site Stora Sjöfallet (see e.g 
Hörnfeldt, 2004). 

 
Figure 4. Map of the study area in northern Sweden with environmental variables. The elevation 
layer plot includes coordinate axis in the RT90 25gonV datum and the 100 % minimum convex 
polygon home ranges of 10 lynx individuals and 16 wolverine individuals. 
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To avoid multicollinarity among many potentially correlated environmental 
variables, we tested for direct covariance between pairs of variables by 
Pearson’s residuals and also evaluated suites of potential variables by Variance 
Inflation Factor (VIF; Zuur et al., 2009 in the R package “AED”; Zuur, 2010). 
We did not include variables with a VIF ≥ 3 in the same models. 

2.8 Habitat selection 

We explored lynx and wolverine habitat selection (Paper I) using K-select 
analysis (Calenge et al. 2005), which is designed for hind-casting studies of 
habitat selection using individual radio-tracking data. The method is tightly 
linked to the concept of a multidimensional niche, and is able to analyse 
selection among several potentially correlated habitat variables. For each 
individual animal, differences between used and available habitat (i.e. 
selection) in a multidimensional ecological space define the marginality vector; 
its length reflects selection strength and its direction indicates which habitat 
variables are selected. The projection of the marginality vector on a factorial 
axis (i.e. the score) represents the selection along that axis. A non-centred 
principal component analysis (PCA) of the marginality vectors on the habitat 
variables, weighted by the proportion of relocations of each animal, returns a 
linear combination of habitat variables for which the average marginality is 
greatest. For details on the K-select, see Calenge et al. (2005). 

2.9 Risk of mortality and mortality rates 

To estimate habitat-specific risk of mortality among individuals of the three 
species (Paper II), we applied the Andersen-Gill (A-G) formulation of the Cox 
proportional hazards (CPH) model (Andersen & Gill, 1982). The hazard 
function represents the instantaneous probability of mortality, conditional upon 
the subject having survived to the beginning of the interval. A-G is the 
counting process analogue of CPH, using robust standard errors clustered 
within units. A-G allows for left- and right-censoring of data, time-varying 
continuous and categorical covariates, multiple events, and discontinuous 
intervals of risk (Johnson et al., 2004). Each interval between succeeding 
relocations was treated as a unique interval of risk, and was attributed the 
environmental and demographic covariates belonging to the end point of the 
interval (Johnson et al., 2004). 

We estimated cause-specific mortality rates for adult males and females 
(Paper V) as described by Heisey & Fuller (1996) in R (R Development Core 
Team 2012). We used the wild1 package in R rather than the most commonly 
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used cmprsk (Gray 2012) package because the former handles properly left 
truncation while the latter one does not (Pintille 2006).  

2.10 Modeling reproduction and reproductive costs 

We analyzed age-related patterns of reproductive output (here defined as 
number of confirmed cubs) in female wolverines using zero-inflated Poisson 
(ZIP) models in R package pscl (Zeileis et al., 2008). These models include a 
binomial process to model excess abundance of zeros, in addition to the count 
process (i.e. number of cubs produced per reproductive event). Thus, they were 
suitable for handling potentially different processes that determine the number 
of cubs produced: (i) the ability of individual females to produce a litter (e.g. 
maturity; as a binomial process) and (ii) the number of cubs produced in a litter 
when a female is able to reproduce. 

To investigate the effect of individual heterogeneity for the ZIP model 
predictions, we reran the highest-ranked model using an MCMC sampler 
(JAGS: Just Another Gibbs Sampler; Plummer, 2003) called from R. For this 
we used 50 000 iterations with a 5 000 ‘burn in’ and non-informative priors. 
Chains were checked for convergence using the Gelman and Rubin diagnostic 
in R and the 95% credible intervals extracted directly from the estimated 
posterior distributions of the model.  

We used multistate mark-recapture models in program MARK (version 5.1; 
White et al. 2006) to estimate the probability of breeding in year t + 1 for 
animals that were either: (i) breeders, or (ii) non-breeders in year t. A 
multistate modelling framework was used because it allows the estimation of 
transition probabilities specific to the initial breeding state of each animal in 
each year (state transition (ψ) i.e. non-breeder to breeder or breeder to breeder) 
in addition to the survival (Ф) and resighting (p) parameters, permitting a ‘cost 
of breeding’ analysis (see chapter 9 in White 2011). Survival and resighting 
parameters were separately estimated for breeders and non-breeders and had 
the same fixed structure for all analyses (Ф (state) p (state)). 

2.11 Modeling species distribution 

To model the range and number of wolverine reproductions all years 
combined, we applied zero-inflated models (i.e. ZIP/ZINB; Zuur et al., 2009) 
in the R package pscl (Zeileis et al., 2008). These models consist of a binomial 
part (0 or 1; which contrary to a logistic regression gives the probability of 
zeroes) and a count part (0, 1, 2, etc.), which allow for the handling of excess 
number of zeroes and zeroes deriving from different processes (Zuur et al., 
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2009). We interpreted the binomial part of these models to predict the range of 
the reproductive part of the Scandinavian wolverine population, and the count 
process to predict the frequency of reproductions within this range. This 
allowed us to include data from the entire Scandinavian land area in the 
models; we did not have to set an arbitrary geographical boundary for potential 
wolverine habitat to ensure the specificity of model predictions.  

To model annual probability of wolverine reproduction we developed 
generalized linear mixed models (GLMM; Bolker et al., 2009), with binomial 
error distributions and the logit link function (i.e. logistic regression), in the R 
library lme4. 
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3 Results and Discussion 

3.1 Habitat selection in wolverines and lynx 

In this study we show that both lynx and wolverines selected for steep and 
rugged terrain in mountainous birch forest and in heaths independent of scale 
and available habitats. Still, lynx selected stronger for their preferred habitats 
when forming home ranges (Fig. 5) and selected the same habitats within their 
home ranges independent of home range composition. Wolverines displayed a 
greater variability when selecting home ranges (Fig. 5) and habitat selection 
also varied with home range composition. Both species selected for habitats 
that promote survival through limited encounters with humans, but which also 
are rich in prey, and selection for these habitats was accordingly stronger in 
winter when human activity was high and prey density was low. 

The general results, with selection for the same habitats in both species, 
contradict the low overlap between suitable habitats for the two species in 
southern Norway (May et al. 2008). However, in southern Norway both 
sources of mortality (i.e. different human hunting techniques) and main prey 
differ between the species (May et al. 2008; Basille et al. 2009; Brøseth et al. 
2010). 

We suggest that the observed differences between the species result 
primarily from different foraging strategies (i.e. an obligate predator vs. an 
opportunistic predator and scavenger), but may also depend on differences in 
ranging and resting behaviour, home range size, and relative density of each 
species. Our results support the prediction that sympatric carnivores with 
otherwise diverging niches can select for the same resources when sharing 
main sources of food and mortality. 
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Figure 5. Result of the K-select analysis of selection for home ranges (second order selection) of 
lynx and wolverines in northern Sweden. The first axis A1 represents selection along the first 
principal component, comprising 49 % of the mean habitat selection (marginality), whereas A2 
represents 24 %. The origin of space (0,0) represents the mean available habitat in the study area, 
which is the same for all individuals. Dots represent the end point of the marginality vector for 
each individual. The length of this vector represents selection strength, and the direction of the 
vector which habitats are selected. Open dots represent lynx individuals, and filled dots represent 
wolverine individuals. Bars represent 95% CI of mean marginality for the two species. 

3.2 Spatial variation in brown bear, lynx and wolverine survival 

This study confirmed illegal killing as an important source of mortality for sub-
adults and adults of all three carnivore species (Bischof et al., 2009; Persson et 
al., 2009; Andrén et al., 2006). There was an increased mortality risk for all 
species during the late snow season, due to an increased accessibility for 
humans on snowmobiles as the days are getting longer and the snow more 
suitable for snowmobiling (Persson et al., 2009; Andrén et al., 2006). In 
addition, brown bears were poached in fall during the bear and moose hunting 
season. Both national parks (NPs) and reindeer calving grounds represented an 
increased risk of being killed illegally, whereas forested and steep areas 
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represented decreased risk. The increased risks of illegal killing inside the NPs 
were not compensated by reduced risk of mortality from other causes (Table 
1). We suggest that the increased risk of mortality in large carnivores 
associated with these national parks results from 1) the large areas where 
reindeer herders have exclusive access on snowmobile lowers the risk for 
perpetrators to be caught when illegally killing large carnivores, due to lowered 
public attention and surveillance and 2) many important reindeer calving 
grounds are located inside these parks. Thus, the Laponia World Heritage Site 
presently has a negative effect on the persistence of Scandinavian large 
carnivores, contrary to expectations and the historical intention of the park to 
secure a refuge for the brown bear. That these NPs seem to provide refuges for 
those who illegally kill carnivores is, however, not an effect of the NPs per se, 
but rather the snowmobile restrictions that are intended to limit human 
disturbance on wildlife and reindeer inside the NPs. The ecological baseline 
represented by these protected areas (PA) has thereby changed since their 
founding (Götmark & Nilsson, 1992), not through human development and 
habitat depletion (Liu et al., 2001), but first of all as a result of technological 
innovations (i.e. snowmobiles; Andrén et al., 2006). Thus, a critical reserve 
size based on historical data can be a poor predictor of carnivore persistence; 
the Laponia PA network is more than twice as large as the suggested critical 
reserve size for grizzly bears in North America (Woodroffe & Ginsberg, 1998). 

Table 1. Parameter estimates (β ± SE) for the effect of national parks in Andersen-Gill models for 
the risk of being illegally killed, the risk of mortality from other sources, and the total mortality. 
The effects of the different strata were corrected for and therefore always included. A positive 
parameter estimate represents an increased risk of mortality within the national park. The ΔAIC 
column represents the change in AIC when removing the effect of national parks from the model. 

Mortality source β ± SE exp(β) ΔAIC 

Brown bear    
Illegal 1.04 ± 0.46 2.8 2.9 
Other -0.46 ± 0.47 0.63 -0.96 
Total mortality 0.23 ± 0.31 1.3 -1.3 
Lynx    
Illegal 0.93 ± 0.46 2.5 2.3 
Other -0.31 ± 0.72 0.73 -1.8 
Total mortality 0.55 ± 0.37 1.7 0.29 
Wolverine    
Illegal 0.84 ± 0.36 2.3 3.5 
Other -0.084 ± 0.31 0.92 -1.9 
Total mortality 0.38 ± 0.23 1.4 -0.26 
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3.3 Age-specific reproduction and reproductive costs in female 
wolverines 

We showed that wolverines produced up to six litters during their lifespan at a 
mean of 0.84 (range 0-3, n = 249) cubs per potential reproductive event. 
Female wolverines showed strong age-specific reproduction, with a large 
increase occurring between 2 and 3-year-olds (most likely resulting from 
maturity effects), followed by a slow decline as a function of age (most likely 
reproductive senescence). The number of cubs produced per year was 
correlated with early winter (pre-breeding) resources (i.e. distribution of 
reindeer carrion) and summer primary production (i.e. normalized difference 
vegetation index NDVI). Notable is that the sympatric lynx presumably have a 
positive effect on wolverine reproduction, as lynx-killed reindeer provided the 
major part of reindeer carrion in our study area (Mattisson et al., 2011a). 
Reproductive costs also showed an age-related pattern (Fig 6), with the 
probability of breeding in successive years peaking at 5-6 years of age and 
being strongly correlated with summer primary production. Interestingly, 
individuals at prime age that successfully reproduced also had a higher 
probability of weaning cubs the succeeding year than those that did not 
reproduce (Fig. 6). Thus, the cost of reproduction was only expressed in young 
and old individuals. The influence of annual variables was much lower than 
what was explained by age and spatial variation. We also identified substantial 
individual heterogeneity in reproduction among female wolverines. 

 
Figure 6. The probability to breed for female wolverines in relation to age for individuals that 
bred in previous year (point with 95 % CI) and for individual that not bred in previous year 
(dotted line). 
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3.4 Environmental predictors of reproductions among 
Scandinavian wolverines  

We showed that the coarse scale range of wolverine reproductions in 
Scandinavia was defined by latitude and elevation, where latitude sets the 
southern limit and elevation confines the wolverine reproductions to mainly 
occur in alpine areas of the Scandinavian Peninsula. Within these areas 
wolverine occupancy was positively influenced by rugged terrain, mountain 
birch forest, and higher primary productive areas, and negatively affected by 
human dominated habitat. Wolverine range overlapped with their primary 
winter prey, reindeer, and the frequency of reproductions was enhanced by the 
presence of a top predator, the Eurasian lynx. 

Management policies strongly affected reproductive success: in Sweden the 
frequency of reproductions were 2 times higher than in otherwise similar 
habitats in Norway, and in a “zero-tolerance” management zone in 
southwestern Norway the probability of reproduction was reduced 25 times 
compared to outside. 

 
Figure 7. The predicted annual probability of wolverine reproductions in 2005 and 2011, based 
on the best logistic regression model. 
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This population was increasing in size and range during the study period (Fig. 
1). The models of annual probabilities of wolverine reproduction therefore 
fluctuated (Fig. 7), with distance to earlier reproductions as an important 
variable, and with an observed effect of this up to mean dispersal distance in 
wolverines. 

The Scandinavian wolverine population experienced a historical bottleneck 
in the mid 1900´s following human campaigns of persecution, where areas 
characterized by remoteness and ruggedness were essential refuges for 
successful reproductions. The population later recovered, but its range is still 
mainly limited to wilderness-like areas with low human development. 

3.5 Effects of the Swedish conservation performance payment 
system  

We found that the Swedish conservation performance payment system did not 
put an end to illegal killing of wolverines. However, it leads to the 
demographic segment of the population used as the performance indicator in 
the scheme, adult female wolverines, having a significantly lower illegal 
mortality than adult males. In other words, Swedish authorities get what they 
have paid for. 

Hence, we have moved from legal harvest with bounties, where females 
presumably were legally killed at higher rates than males (until 1969; see 1.2.1 
Population history), to a system where females are illegally killed at lower 
rates than males (from 1996). We suggest that this lower poaching rate 
presumably explains the demonstrated increase (3.8 % per year) and expansion 
of the population since the scheme was introduced. Our evaluation illustrates 
that conservation performance payment schemes should be carefully designed 
and monitored to work. 

Our model shows that a wolverine population can be quite resilient to 
relatively high rate of male mortality before declining, although highly skewed 
sex ratio of the adult populations could trigger unexpected dynamics that we 
did not incorporate. 
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4 Concluding remarks 
Relating life history traits to habitats is critical for understanding habitat 
processes and ultimately the management of species of conservation concern 
(Franklin et al., 2000). 

 
The approach of linking wolverine demography to habitat has proven valuable 
for the Scandinavian wolverine population, both in linking habitat and 
individual fitness, but also in including results from local study areas into 
occupancy models at population level. This study reveal key knowledge for 
understanding both variation in wolverine life history and spatial variation in 
the population, where vital factors include habitat and landscape features, 
species interactions, and the effect of human land use and management 
policies. 

Wolverines showed strong age-specific patterns of reproduction and 
reproductive costs (Paper III). I suggest that age-related variation in 
reproduction is more common among carnivores with similar life history, bet-
hedgers, than what has previously been shown. Though survival of adult 
females is the most important parameter for population growth, reproduction 
can have large consequences for population dynamics if it is more variable 
(Charlesworth, 1994; Stearns, 1992), and age-specific fecundity should be 
implemented into population models. Wolverine reproduction was strongly 
influenced by seasonal resources (Paper III), which supports the suggestion 
from Inman et al., (2012a) that summer food availability might play a role for 
reproductive costs in wolverines. Winter diet in wolverines mainly comprises 
ungulates (Koskela et al., 2012; Mattisson et al., 2011a; Dalerum et al., 2009; 
van Dijk et al., 2008), as prey or carrion, and the spatial distribution of reindeer 
carcasses influenced reproductive output (Paper III). This close relationship 
was also manifested in the influence of reindeer occupancy on the reproductive 
range of the Scandinavian wolverine population (Paper IV). As most of the 
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available ungulate carrion was provided by a top predator, the lynx (Mattisson 
et al., 2011a), the presence of lynx presumably influence wolverine 
reproductive output positively (Paper III) and positively influenced the 
frequency of reproductions in Scandinavia (Paper IV). Thus, the top predator 
lynx facilitate the conservation of the facultative scavenger wolverine 
(Mattisson et al., 2011a). This result diverges from earlier findings of 
wolverine and lynx overlap in southern Norway (May et al., 2008), and also 
from other studies of large carnivores with interspecific competition and intra-
guild predation (Creel et al. 2001; Linnell & Strand, 2000). Interspecific 
competition presumably plays a significant role of shaping wolverine 
niches/distribution throughout its range (e.g. Inman et al., 2012b). However, 
when sharing prey base (Mattisson et al., 2011a) and being subject to the same 
sources of adult mortality (Paper II), lynx and wolverines in general selected 
for the same habitat features (Paper I). Thus, I support general advises of 
considering species interactions when studying habitat selection (McLoughlin 
et al., 2010) and also habitats-specific fitness.  

The study confirms illegal killing as a main source of mortality among large 
carnivores in northern Sweden (Paper II; Bischof et al., 2009; Persson et al., 
2009; Andrén et al., 2006). There was a substantial variation in risk of 
mortality in brown bears, lynx and wolverines depending on landscape features 
and human land use, with some species differences that could be attributed 
their ecology (Paper II). National parks and reindeer calving grounds were in 
general associated with a higher risk of being illegally killed, whereas forest 
and steep areas were associated with lower risks (Paper III). This contradicts 
the general paradigm of conserving large carnivores through land preservation 
(Woodroffe & Ginsberg, 1998). Therefore, I warn against passive reserve 
management, and support continuously evaluating reserves conservation 
performance through monitoring. At population level, national parks were 
uninformative predictors of wolverine reproductions, which suggest that 
protected areas have minor effects on the conservation of large carnivores in 
Scandinavia (Paper IV). Linnell et al. (2001) also pointed to the fact that many 
carnivore populations in North America and Europe have been stable or 
increasing also outside protected areas and despite high human population 
densities. This leaves us with managing the conflicts between large carnivore 
ecology and rural economies and cultures themself, which usually includes 
managing both policies and human behavior (Paper V). At population level, we 
see that different management policies dramatically influenced wolverine 
reproductions: in Sweden the frequency of reproductions was 2 times higher 
than in otherwise similar habitats in Norway, and in a “zero-tolerance” 
management zone in southwestern Norway the probability of reproduction was 
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reduced 25 times compared to outside, thus efficiently preventing permanent 
colonization of otherwise primary wolverine habitat. For Swedish wolverine 
conservation, the introduction of total legal protection in 1969 and later 
introduction of conservation performance payment system from 1996 have not 
stopped illegal killing of wolverines (Paper II, Paper V, Persson et al., 2009), 
but resulted in a remarkable change on mortality patterns. Adult females, the 
segment of the population that is most important for population growth, were 
less likely to be illegally killed than males (Paper V). This indicates a 
promising potential for future implementation of conservation performance 
payment in other systems, especially where livestock is not the main prey. 

4.1 Future perspectives 

This study shows that long-term individual-based data facilitate in-depth 
studies of mechanisms explaining variation in life histories and spatial 
distribution of populations. I emphasize the benefits of longevity data in 
ecology and conservation biology. However such data is scarce and waiting for 
such data to be collected for long-lived species with low reproductive rates 
might simply result in documenting the decline rather than providing 
recommendations for the conservation problem (Nielsen et al., 2006). I further 
emphasize the promising prospects for empirical studies linking habitat and 
demography, and there are an increasing number of such studies that focus on 
the relationship between performance and habitat at various spatial scales 
(Gaillard et al., 2010). 

This thesis represents the first attempts on linking variation in wolverine 
demographic parameters to habitat features, and there is an obvious potential 
for expanding and improving the analytical approaches. Gaillard et al. (2010) 
identified four scales of habitat-performance relationships along a continuum 
of spatio-temporal dimension: 

Individual energy gain  individual performance  population growth 
 species persistence 

Following this perceptional model, several potential approaches emerge. In 
Paper II, I employed a location-specific risk assessment in large carnivores, 
yielding information of spatial variation in risk at a level lower than home 
range, whereas potential energy acquisition was evaluated by the home range 
composition (Paper III). A natural next-step is to link each animal location to 
food abundance (e.g. probability of carrion) for modeling foraging decisions 
(Stephens & Krebs, 1986) and thereby achieve better measures of individual 
energy acquisition. A step-based model of foraging decisions could be linked 
with spatial variations in risk of mortality, facilitating a “holistic” approach in 
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spatial modeling, with the potential to reveal trade-offs between foraging and 
survival. 

Scaling up to population level, the natural development from here will be a 
ranking of different habitats based on demographic contribution and include in 
regional population models (e.g. Falcucci et al., 2009; Nielsen et al., 2006). 
The fitness contributions of different areas, e.g. depicted as fitness maps, 
would be a valuable tool for management, both for assessing status and as a 
base for management actions e.g. by combining carnivore fitness maps and 
reindeer husbandry herding plan, we could identify areas of different conflict 
potential for conflict mitigation. Combined with continuous monitoring within 
an adaptive management framework this would contribute to sound 
management premises for species persistence. 
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