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ABSTRACT

Predators are able to influence the dynamics of their prey populations and may
therefore be in conflict with man for game. In this study, [ have evaluated the prey
choice of wolves in a two-prey system, including moose (Alces alces) and roe deer
(Capreolus capreolus), using data on a total of 353 wolf-killed ungulates in 14
Scandinavian wolf territories where wolves were fitted with GPS-collars. Using the
Manly’s alpha index as well as Jacob’s and Murdoch'’s indices of preference, I detected a
selection for roe deer (Fisher’s exact test; p <0.01 and p <0.001) in two of the
Scandinavian wolf territories with among the highest absolute roe deer population

densities. The ratio of roe deer to moose did not seem to explain this preference.

A Generalized Linear Mixed Model with a binomial Bernoulli distribution reveals a
significant (p =0.001) effect of the local roe deer population density on the prey choice
of wolves. Around a threshold population density of 35 roe deer/10km?, roe deer
become the more likely prey choice of wolves whereas at lower roe deer population
densities, moose are the most likely prey. Including pack size as a variable improved the
model slightly, although its effect was not statistically significant. I found no statistically
significant effect of moose population density, snow depth, winter progress or the time
since the previous Kkill on the wolves’ choice to kill moose or roe deer. My results show
that the availability of one prey species can have effects on the wolf predation pressure
of another, suggesting that game management plans may favourably be made on an

ecosystem level.



1. INTRODUCTION

1.1 Returning wolves in Scandinavia

Large carnivores are making a comeback in large parts of Europe. Subsequent to their
temporary absence from Scandinavia, the wolf (Canis lupus) has now returned to
reclaim its place as top predator in the native fauna (Sand et al. 2010). The return of the
wolf has been a controversial issue with mixed opinions and political concern. One of the
conflicts surrounding the returning wolf population is the competition with man for
game animals (Ericsson et al. 2004, Sj6lander-Lindqvist 2006, Bisi et al. 2010). Previous
studies have shown that moose (Alces alces) and, in only a few areas, roe deer (Capreolus
capreolus) are the main prey of Scandinavian wolves (Olsson et al. 1997; Sand et al.
2010). Moose and roe deer are also the most common game species for humans in
Sweden and are subject to a substantial annual harvest (Swedish Hunters Association
2011). The deer hunt is an annual highlight to most of Sweden’s 260,000 hunters
(Risberg 2011), and most members of the public eat venison and are favourable toward

hunting (Ljung 2011).

Since their re-establishment, the Scandinavian wolf population has mainly been
distributed in areas where the relative moose density is high compared to that of other
ungulate species, which likely influences the wolves’ prey choice (Sand et al. 2010). But
as the wolf population grows, it is expected to expand its range and wolves are already
beginning to establish territories further south in Sweden (Sand et al. 2010). If the
establishment continues south, wolves will soon be found in habitats with a different
prey composition, with increased densities of roe deer, and eventually wild boar (Sus

scrofa), red deer (Cervus elaphus), and fallow deer (Dama dama).

Although the Scandinavian wolf population and their predation on wild game have been
thoroughly studied in moose rich areas (e.g. Zimmermann et al. 2007; Sand et al. 2010;
Sand et al. 2012a), we have little knowledge of how the presence of multiple prey
species will affect their prey choice. The objective of this study is to make a first
investigation into the prey choice of Scandinavian wolves in a two-prey system with
moose and roe deer. The results are important for the effective management of large
carnivores and game in Scandinavia but also for the design of future research on wolf

ecology. Although providing full answers on sustainable harvest of ungulates in wolf



territories is beyond the scope of this study, our aim is to improve our knowledge on the

complexity of wolf predation in a two-prey wolf system.

1.2 Theory of prey switching and optimal foraging

Food choice and efficient foraging are important factors affecting an animal’s survival
and reproduction and is therefore a strong force in the evolution of animals (e.g. Gregg &
Crawford 2007, Whitehead et al. 2012). Wolves are highly adaptable predators that feed
opportunistically and have a good ability to locate their food (Peterson & Cuicci 2003).
Thus, wolves are likely able to adjust their diet and prey choice in order to forage
efficiently and selectively in response to variation in prey availability and environmental

conditions (Dale et al. 1995).

The effects of prey population density and proportional abundance of prey on the prey
choice of predators have been described by two major theoretical concepts. Prey
switching describes a change in the predator preference for a certain prey species
(Murdoch 1969; Murdoch et al. 1975) where the proportion of a certain prey in the diet
is disproportionally small at low relative prey densities and disproportionally large at
high relative prey densities (Garrott et al. 2007, Bissett et al. 2012). Thus, the theory of
prey switching describes a deviance from a proportional predation (1:1) dependent on
the abundance of all prey in the system (Murdoch 1969). The theory of optimal foraging,
on the other hand, assumes that the predator should ignore less profitable prey
regardless of the total prey densities so long as the most profitable prey occurs at a
sufficient density (Krebs et al. 1977). Hence, the predation pressure on a secondary prey
species may vary depending on the density of a primary prey, with effects on the game

availability to other carnivores and hunters.

1.3 Choosing profitable prey and effects of prey population density

The basis of efficient and profitable prey acquisition is for the predator to maintain a
positive energy budget, generally by maximizing the income of prey biomass to the costs
of search and killing (MacArthur & Pianka 1966). Whereas all prey items available to the
predators provide food and energy (Krebs 1978), the benefit of a specific prey animal
depends largely on the size of the animal, i.e. the mass of food that it provides. A large

prey animal is thus more beneficial than a small prey and should generally be



considered the preferred prey within the predator’s size range (Kunkel et al. 2004,
Shultz & Finlayson 2010). The cost of food acquisition will be affected by the energy that
the predator spends to locate, chase, subdue and Kkill the prey. This effort will change
with prey population density, as the likelihood of an encounter between predator and
prey should increase with increasing numbers of prey (Giralderau 2008). Thus, the
profitability of equally sized prey may be very different depending on their abundance,

potentially inducing a shift in the predator’s diet (Messier 1995).

1.4 Predictions and research questions

Environmental factors may also affect the cost of prey acquisition. Snow depth may
affect the effort involved for wolves to chase the prey animal or the efficiency by which
the prey animal moves around (Mech & Peterson 2003; Nowak et al. 2005; Hegel et al.
2010). Likewise, snow depth and quality will change as the winter proceeds, and so will
the condition of over-wintering animals (Mech & Peterson 2003; Nicholson et al. 2008;
Keech et al. 2011). Additionally, the wolves’ motivation to kill may change, depending on
hunger (Sandre et al. 2010). Hence, we would expect that variables like pack size and the
time since the previous meal could affect the prey choice. We would like to control for
these factors. Because environmental factors may vary with locality, their effects on prey

choice are likely of consequence for the effects of wolves on game populations.

In this study we use data from a number of geographically discrete Scandinavian wolf
territories, to evaluate the effects of moose and roe deer population density as well as
the effects of environmental factors on wolf prey preference and foraging response
during winter. This is the first study that attempts to evaluate the prey choice in terms of
moose and roe deer in Scandinavia, as wolves have only recently begun establishing in

roe deer rich territories.

The specific research questions are:
1. Do Scandinavian wolves show a preference for one ungulate species over
another?
2. Do wolves in Scandinavia change their predation focus from a primary to a
secondary prey as a function of relative or absolute density of this prey in the

environment?



3. How do prey characteristics, such as prey population density, and environmental
conditions like snow depth and quality affect the prey choice in Scandinavian
wolves in winter?

4. Using analyses of preference, can we find evidence of prey switching in the

Scandinavian wolves in response to changing prey densities?

2. MATERIALS AND METHODS

2.1 Study area

The 14 wolf territories that are included in this study are located in the South Central
parts of the Scandinavian Peninsula (GCS RT 1990: N°6533326-6879041, E°1247004-
1657661), with one wolf territory on the Norwegian side of the border and the
remaining territories located in Sweden. The area, and the territories therein,
encompass forested areas with bogs and lakes, as well as cultivated agricultural land
and human settlements. The main areas occupied by the wolves are in cultivated forest,
mainly consisting of Norway spruce (Picea abies) and Scots pine (Pinus sylvestris), but
with some intermixing of birch (Betula pentula and Betula pubescens), aspen (Populous

tremula) and alder (Alnus incana and Alnus glutinosa) (Mattisson et al. 2012).

2.2 Kill location and identification

In order to find kill sites and identify all the prey taken by wolves during the study
periods we have used Global Positioning System (GPS) collars for wolves. The wolves
were darted from helicopters and collars were fitted according to the methods of Sand
et al. (2006). The collars were programmed so that at least one of the marked wolves in
each territory sent positions at 30 or 60 minutes intervals. This positioning schedule
provided us with an almost complete overview of the wolves’ movement pattern during
the study period. Using the geographical software ArcView GIS®, ArcGIS® and ArcMap™
by ESRI (2009) we plotted the coordinates on a map for viewing. Coordinates were then
transferred to a hand held GPS and used as a basis for field visits of a selected sample

(>90%) of all positions.

Because the wolves are assumed to spend some time at the carcass of a killed prey
animal in order to handle, consume and digest the prey, we expect to get multiple

positions from the collars at kill sites. All positions within 200 meters from one another



were visited in the field in search for prey carcasses. To identify such locations we
created a buffer around each point in ArcView® or ArcMap™, with a radius of 100
meters (Sand et al. 2005, Zimmermann et al. 2007). Clusters of positions generated from
overlaying buffers were all visited in the field, and as many single positions as possible
were also located and searched for prey remains and traces of the wolves. Using this

method we assume that the majority of larger prey items were detected.

For all kills found, field staff identified the species of the killed prey. A search was done
for hunting tracks and signs of pipe bleeding at the kill site. Additionally, field staff also
made an estimation of the proportion of the carcass consumed and the time of death of
the animal for comparison with the wolves’ first position at the site. Together, these
observations were used to determine if wolves were responsible for the killing of the
prey, or merely scavenged on an already dead animal. The study period in each territory
was limited to the winter season, starting no earlier than December 11t and finishing no
later than May 9th. Winter climate in the study area is generally cold with the maximum

snow depth during this study measured to 76 centimetres.

2.3 Prey population density surveys

Estimations of ungulate prey densities within the studied wolf territories were
calculated based on pellet group counts in the field according to the methods by Neff
(1968) and used by Sand et al. (2012a). Pellet group counts were performed during the
spring at the end of the first winter study period in each territory, with the exception of
two wolf territories were pellet counts were undertaken at the end of the second of two

consecutive winter studies.

Pellet group counts were undertaken in 40 sample plots distributed along the sides of
1000m x 1000m squares that were systematically distributed throughout the area
utilised by the wolves during the study period. The sample plots, 100m? (moose) and
10m? (roe deer), were located at 100m intervals along the sides of these predetermined
squares. The only exception was the Stadra territory where sample plots were placed at
100m intervals along four parallel 1000m long lines 250m apart within the square, and
where all sample plots had an area of 10m?, for moose and roe deer. The maximum

number of sample plots per square was 40. However, plots located in water, on roads, or



in other habitat inaccessible to moose and roe deer were excluded from the survey.
Surveying the correct area was easily done by attaching a rope of 5.64 meters (for plots
of 100m?) or 1.78 metres (for plots of 10m?) to vegetation at the central point that was
located using a hand held GPS, and walk around it in a circle, meanwhile taking record of

pellets that occurred within the area.

The survey was done during a short period of time after the snowmelt but before the
leaves of the undergrowth had sprung out to increase detectability of pellet groups. Only
new pellet groups, i.e. those that had been added during the previous winter, were used
for density estimation. These were identified as pellets that lay on top of last year’s
vegetation/moss and which had not yet begun withering. Those otherwise were counted
as old pellets. Only pellet groups within the radius of the circle were counted. In cases
where a pellet group occurred on the circle border, at least 20 of the pellets for moose,
and 10 for roe deer, had to be within the circle for the pellet group to be included in the

count.

To convert the number of pellet piles into prey population density per 10km?, we
assumed that moose defecate 14 times (Ronnegard et al. 2008) and roe deer 22 times
per day (Pehrson 2004). The mean date for leaf fall was set to the 10t of October. Moose
population density (number of moose per 10 km?) was then calculated for each square
from the formula:

(v
prey/10km® "~ ( N

x100,000)

X T,

piles

x D

/day

Density

plots

Where Nyies is the counted number of new pellet piles within each square, Npios is the
number of sample plots within each square, D is the defecation rate for the prey species
per day, and T is the time since leaf fall in days. For roe deer (and moose in the Stadra
territory) the number of piles was multiplied by 1,000,000 to reach a density unit for 10

km? as the sample plot was only one tenth the size of the moose sample plot.

2.4 Inter-territorial differences in prey preference
To evaluate the preference of a certain prey over another in the Scandinavian two-prey-

wolf system [ will apply three selection indices. This analysis is done on an inter-



territorial level with each territory as the statistical unit. Prey availability in the
environment is the average prey population density as estimated from the pellet count,
for the entire area of the wolf territory. In one territory (Tenskog), the roe deer
population density was estimated to 0 roe deer/km?. A preference analysis cannot be
performed on this territory, as the wolves are unable to choose prey items that are non-
existent regardless of preference, and the territory was thus excluded from the analysis.
All other territories were included in the preference analysis. The occurrence of a
certain prey in the diet is based on the total number of killed moose and roe deer in the

territory during the study period.

The Murdoch (1969) preference index c identifies the deviance from a linear
relationship (¢ = 1) between the ratio of a certain prey in the diet to its ratio in the

environment.

N,/N,
where P /P, is the ratio of the two species in the diet and N,/N, is the ratio available in
the environment (Murdoch 1969). Where no selection occurs, ¢ = 1 (Murdoch 1969).
However, the Murdoch index suffers from a skewed scale, with a c-value for avoidance
ranging between 0 and 1, and a c-value for preference ranging from 1 to infinity (Krebs

1999).

The Manly’s Alpha Index a (Manly 1974) is commonly used in ecology studies (e.g.
Rohner & Krebs 1996, Kunkel et al. 1999, Edenius et al. 2002) and has a limited scale
ranging between 0 and 1, hence making it easier to overview. The Manly’s Alpha Index

(a) is calculated as:

1
a; = (ri/ni)
Z(r i/ ”1)
where r is the proportion of the prey i in the diet and n is the proportion of prey i in the
environment. A preference occurs when a;is greater than 1/m where m is the number of

prey types that are available to the predator in the environment (Olson et al. 2003).

The Manly’s Alpha index does, however, only determine whether or not there is a

preference, it does not reveal the strength of the preference or avoidance. Therefore, I

10



will additionally apply the Jacobs (1974) Index of Food Selection (D) to the data set. The
Jacobs’ Index (D) is calculated as:

__(r-p)

B (r +p- er)
Where r is the proportion of kills from the total in the study area and p is the
proportional availability of prey. This index provides a symmetrical scale from -1 to 0
for avoidance and from 0 to 1 for preference. Values around zero show a neutral prey

selection and I will consider values from -0.5 to 0.5 as neutral (Cromhout 2006).

To add further strength to the analysis of preference, a Fisher’s exact test was used to
compare the observed number of kills within each territory and study season, to the
expected number of kills based on the prey’s proportional abundance and the total
number of ungulate kills. Using the three indices gives an overview of if and how the

prey preference of Scandinavian wolves changes with changing relative prey density.

2.5 Modelling prey selection

Although the preference indices can give us an indication of the wolves’ preference for a
certain prey species and show inter-territorial differences in prey preference, it does not
reveal what factors affect the prey choice. The fitting of a Generalised Linear Mixed
Model (GLMM) targets this question whilst allowing the inclusion of multiple predictor
variables that may affect the prey choice of wolves. Because I have two alternative prey
species (i.e. moose and roe deer), the response variable has a Bernoulli distribution and
I chose to fit a GLMM with a binomial distribution and logit function. This is achieved by
using the Imer function of the Ime4 package in R 2.15.0 (R Foundation for Statistical

Computing 2012).

Each wolf pack was responsible for multiple kills in the study, which leads to pseudo-
replication unless this is corrected for. The Scandinavian wolf packs and territories may
well differ from one another in several ways, e.g. there are latitudinal and altitudinal
differences, differences in forest habitat and human disturbance as well as individual
effects from relatedness between wolves in the same packs. Therefore, each pack may
have a different starting point for the intensity of their prey choice. Using a mixed model

that includes the territory id as a random factor allows an analysis of prey choice whilst

11



allowing the intercept of the model to vary between territories, yet assuming that the
other factors have the same effect on the prey choice in all wolf packs (Koper & Manseau
2012). I chose the model of best fit by using the drop1 function in R on the full model and
by stepwise removing variables, ultimately selecting the model with the lowest AIC
value, but recognising all models with a AAIC <2 as equally supported (Burnham &
Anderson 2004). For increased understanding of the model results, [ add interactions
between predictor variables one by one to the most parsimonious model selected

through stepwise backward selection of the main variables.

2.5.1 Local prey population density

The estimates of local prey population densities were derived from an Inverse Distance
Weighting interpolation of the pellet count survey squares, using the Spatial Analyst
Tools in ArcGIS® 9 and ArcMap™ 9.3.1 by ESRI (2009). The prey density estimates
included in the model correspond to each kill site. In some cases no values could be
estimated as the kill sites were outside of the pellet count survey area. These data points
were excluded from further analysis. In territories where the roe deer population
densities were estimated to zero during pellet count but where the wolves still managed
to kill roe deer, we could only assume that roe deer were present in the area but at a
very low density. Therefore, | added a standard value of 0.0001/10km? to the roe deer

density in these cases.

A pair-wise comparison of predictor variables reveals a strong correlation (r= 0.89)
between the roe deer population density and the proportion of roe deer out of the total
density of moose and roe deer in the data set. To avoid collinearity only the total prey

population densities, and no prey proportions, were included as predictors in the model.

2.5.2 Snow depth

The snow depth measures for Swedish and border territories were obtained from the
Swedish Meteorological and Hydrological Institute (SMHI 2012), measured at
meteorological stations within or no longer than 5000m away from the area utilised by
the wolves in each territory during the study period. I established which meteorological
station to use for each territory by calculating the Minimum Convex Polygon for the wolf

positions, using Hawth Tools in ArcMap™ version 9.3.1 (ESRI 2009). For the Norwegian

12



wolf territory Grafjell, the snow depth measures were obtained from the Norwegian
Meteorological Institute web portal eKlima (NMI 2012), using measures taken at the

weather station Rena-Haugedalen.

The data on snow depth included in the model correspond to the measured snow depth
for the date of each kill. However, snow depth was not measured on a daily basis at all
stations, and no data was registered when the snow cover was lacking. For kill dates
where no snow depth data was available I calculated the mean of the last measure
before the kill and the first measure after, to represent the snow depth of the day of the
kill. Where no more snow measures occurred after the kill date, I assumed that there

was no snow cover on the days that the kills had occurred.

2.5.3 Number of days since New Years

The “No. of days since New Years” was included in the model to correct for any potential
effects of the proceeding winter other than snow depth. The “No. of days since New
Years” corresponds to the day number since the first of January, easily obtained by

subtracting the date by January 1st.

2.5.4 Time since last kill

Assuming that the wolves’ hunger would increase as time passes from the previous meal
[ include the time lapse between kills as a variable in my model. The time elapsed
between kills was calculated for this purpose and is based on the time between the

wolves’ first position at one verified kill site and the first position at the subsequent Kkill.

2.5.5 Pack size

The pack size of Scandinavian wolf packs is documented each winter season. In Sweden
the field staff at the County Administration Boards and the Wildlife Damage Centre
makes the documentation of wolf packs. In Norway, it is the staff and students at
Hedmark University College that are in charge of the wolf tracking and documentation,
and the researchers at Hedmark University College are also in charge of writing the
annual status report of Scandinavian wolves. The number of wolves in each wolf pack

that I have included in my model is taken from these annual reports.
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3. RESULTS

The Scandinavian wolf project Skandulv has provided data on wolf predation during 11
winters (2001-2011) and from 14 different wolf territories, three of which were studied
for two, or in one case for three, subsequent years. The duration of the study periods
varied between territories, ranging from 19 days (Fulufjéllet 2010) to 127 days (Grafjell
2002), all starting and ending with a recorded kill made by the wolves. The full dataset,
on which the analyses of this study are based, includes a total of 353 wolf-killed moose

(n =243) and roe deer (n =110).

3.1 Preference analysis

An inter-territorial comparison of prey selection using data from 13 territories (see
methods), with both moose and roe deer presence, shows that wolves in two territories
selected roe deer over moose. This result is consistent for all three selection-indices
used (Table 1). A Fisher’s exact test revealed a significant difference in the observed to
expected number of killed roe deer and moose in the same two territories (Table 1). The
Jacob’s index additionally suggests a preference (D > 0.5) for roe deer over moose in the
Bograngen territory, whereas roe deer are avoided in 7 territories (D < -0.5) as shown in
Table 1. There is, however, no statistically significant difference in the observed to

expected number of killed roe deer and moose in these territories (Table 1).

The two territories where wolves show a preference for roe deer have the highest and
the third to highest absolute roe deer population densities (Riala: 40.2 roe/10km?,
Stadra: 9.0 roe/10km?) of all territories surveyed (Figure 1A). In the remaining
territories, predation on roe deer and moose occurred at levels close to what would be
expected based on their relative abundance and the total number of kills in the territory.
The two territories do, however, not have the highest ratio of roe deer to moose in the
environment. In Riala, the ratio of roe deer to moose in the environment is high at a ratio

of approximately 3:1, but in Stadra the ratio is near the opposite at 1:4 (Figure 1B).
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Number of kills

Table 1. The results of the three preference analyses with the selection for roe deer over moose as prey in
13 Scandinavian wolf packs or pairs, and the results of Fisher’s exact test of statistical significance in prey
choice.

Pack' Manly's Murdoch's Jacob's Fisher’s
Alpha’ Index’ Index” p-value (df=1)’
Stadra 0.59 1.43 0.87 <0.001
Riala 0.59 1.41 0.87 <0.01
Bograngen 0.25 0.33 0.54 1.00
Ulriksberg 0.19 0.23 0.40 0.43
Tyngsjo 0.17 0.21 0.35 1.00
Grifjell -01 0.13 0.15 0.21 1.00
Grifjell -02 0.10 0.11 0.04 1.00
Djurskog 0.08 0.09 -0.04 1.00
Hasselfors 0.08 0.09 -0.07 1.00
Jangen 0.03 0.03 -0.53 0.39
Kloten 0.02 0.02 -0.70 0.33
Fulufjell-09 0.00 0.00 -1.00 1.00
Fulufjell-10 0.00 0.00 -1.00 1.00
Grifjell -03 0.00 0.00 -1.00 1.00
Nyskoga 0.00 0.00 -1.00 1.00
Grismark 0.00 0.00 -1.00 0.49

'Pack ID, *Manly’s preference index for roe deer (preference a > 0.5, avoidance o < 0.5), *Murdoch’s preference index for
roe deer (preference ¢ >1, avoidance ¢ < 1), “Jacob’s index for roe deer (preference D > 0.5, neutral D= -0.5 > 0.5, avoidance
D < -0.5), °P-value of Fisher’s exact test with one degree of freedom.
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Figure 1A. Expected (lines) and observed (black dots) numbers of roe deer kills in 13 Scandinavian wolf
territories in relation to the average roe deer population density in the territory, presented as the
logarithm of roe deer population density +10 to get a better overview of values at low density. Expected
values are based on the proportional abundance of roe deer to moose and the total number of killed
ungulates during the study.

Figure 1B. The relationship between the ratio of roe deer to moose in the environment, and the ratio of
roe deer to moose in the wolf diet. The line represents equal ratio in the environment as in the wolf diet,
indicating no selection for either prey species, c=1 (Murdoch 1969). The two wolf territories with
selection for roe deer over moose appear clearly above the line.
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3.2 Model of prey choice

A Generalized Linear Mixed Model (GLMM) with binomial distribution and a logit
function reveal that roe deer population density is an important factor affecting prey
choice of wolves during winter in the Scandinavian two-prey system (Table 2, Table 3).
In a subsample I used data from a total of 271 Kills (Nmoose= 173, Nroe= 98) from 12
territories, for which I could obtain estimates of local prey densities, data on the

contemporary snow depth, and the time lapse since the previous kill.

Ultimately, model selection was made from the full model: Prey choicemoose= f(Pack size,
Time since last kill, Snow depth, No. of days since new years, Roe deer population density,
Moose population density, Territoryrandom factor)- The variables were ranked according to
the sum of AIC weights in table 3. The only variable with a statistically significant effect
on the prey choice of wolves in all models is Roe deer population density (Table 2). The
most parsimonious model M1 (figure 2A and 2B) suggests that the model is improved
slightly by inclusion of the predictor Pack size although the effect of this variable is not
statistically significant (Figure 2B).

Table 2. The most parsimonious Generalised Linear Mixed Model (binomial logit), describing the wolves’

choice of moose as prey over roe deer. The table includes all models with AAIC < 2, and additionally the
model of moose population density as a predictor for prey choice and the full model as a baseline.

Model Variables AIC AAIC AIC weight
M1 RdD*™, T2, PS3 193.19 0 0.184

M2 RdD*™, T2 PS3, DNY* x RdD? 193.22 0.033 0.181

M3 RdD™™, T2 193.72 0.539 0.141

M4 RdD*™, T2 PS3, DNY* 194.41 1.217 0.100

M5 RdD*™, T2, PS3, MD* x SnD¢ 194.75 1.564 0.084

M6 RdD*™, T2 PS3, PS3 x TK? 195.16 1.973 0.069
FULL RdD*™, T2 PS3, DNY#, MD®, SnD¢, TK? 199.52 6.333 0.007

M7 T2 MD> 205.51 12.321 0.0004

1Roe deer population density, 2Territory (included in the model as a random factor), 3Pack size, *Day since new years (day number
after 1st January), SMoose population density, éSnow depth, 7Time since last kill, *p < 0.05, ** p < 0.01, *** p < 0.001

Table 3. Factors included in the full model are ranked according to their importance to the prey choice of
wolves in Scandinavia. The sum of AIC-weights is 1 for factors that are included in all models and descend
with their decreasing importance to the model.

RdD! T2 PS3 DNY* MD5> SnD6 TK7

Sum of 1 1 0.72 0.35 0.15 0.06 0.02
AIC weight

1Roe deer population density, 2Territory (included in the model as a random factor), 3Pack size, Day since new years (day number
after 1st January), SMoose population density, $Snow depth, 7Time since last kill
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Figure 2. Response of prey choice as predicted by roe deer population density (figure 2A: p < 0.01) and
pack size (figure 2B: p = 0.14) on the choice of moose over roe deer in the most parsimonious model M1:
logit (Prey Choicemoose) = 0.85 +0.45*Pack Size -0.07*Roe deer Population Density. Values included in the
graphs are back-transformed from the original binomial model with logit function. The solid line
represents the model for figure 2A the mean pack size (x=3.59) and in figure 2B roe deer population
density (x=15.14), and the dashed lines shows the standard error of the mean. Because of the Bernoulli
distribution of the data, the wolves’ choice of roe deer over moose produces the opposite graph.

Model M3 alone includes only statistically significant predictor variables. These are roe

deer population density and territory id (table 2). Figure 3A shows the effects of roe deer

population density (p = 0.001) on the choice of moose over roe deer in model M3:

logit(Prey Choicemoose) = 2.47 -0.689*Roe deer population density. In contrast, moose
population density had no statistically significant effect on the prey choice of wolves in
any model (table 2). The relationship between moose population density (p =0.42) and
prey choice of wolves is shown in figure 3B for the model M7: logit(Prey Choicemoose) =

1.95 +0.02*Moose Population Density.

The turning point in both model M1 and model M3 (table 2), i.e. when roe deer and
moose are equally likely to be chosen as prey (Y=0.5), occur at an absolute roe deer
population density of approximately 35 roe deer/10 km? (Figure 2, Figure 3). The model
predicts that at roe deer population densities higher than 35 roe deer/10 km?, wolves
are more likely to choose roe deer whereas at densities lower than this threshold moose

is the more likely Kill.
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Figure 3A. Responding prey choice, moose over roe deer, as predicted by Roe deer population density (p =
0.001) in model M3.

Figure 3B. Model M7 with Moose population density (p = 0.42) as a predictor of the prey choice moose over
roe deer. Values included in the graphs are back-transformed from the original binomial model with logit
function and the dashed lines show the standard error. Due to the Bernoulli distribution of the response
the choice of roe deer over moose produce the opposite curve.

4. DISCUSSION

4.1 Inter-territorial differences in prey preference of wolves for roe deer

[ have been able to describe a preference for roe deer over moose as prey in two of the
Scandinavian wolf territories (Riala and Stadra). These two territories where both have
a high absolute roe deer population density compared to other wolf territories in
Scandinavia. The results offer some support for the optimal foraging theory where prey
other than roe deer are ignored when this prey occur at a sufficient density (Krebs
1977), in this case at a regional (inter-territorial) level. However, another wolf territory
(Hasselfors) had high roe deer population density, yet no selection for any ungulate
species was detected, increasing the ambiguity of the results. In order to draw reliable
conclusions about the effect of roe deer density on prey preference, more data is needed
from wolf territories in areas of intermediate and high roe deer population densities.
Although in the remaining wolf territories roe deer appeared to be avoided according to
the three preference indices, the Fisher’s exact test showed that wolf predation was not
significantly different from what would be expected from the proportional ungulate
abundance. This may, in part, be a result of extremely small values for the expected

number of killed roe deer.
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Using the definition of prey switching by Murdoch (1969) there is at present no support
for prey switching. For this type of switching we assume a lower than expected
predation ratio when the prey occurs at a low ratio in the environment, and a higher
than expected predation ratio at a high occurrence ratio in the environment (Garrott et
al. 2007). This was not observed in our study. Out of the two territories where a
preference was detected, the strongest selection for roe deer was found in a territory
with a higher moose than roe deer population density. Our results are, however,
generalising the effects of prey density throughout the different Scandinavian wolf
territories, when it is possible that the threshold ratio at which a switch would occur
could vary between territories. Theoretically, the switching threshold could for instance

vary with local differences in prey vulnerability or body size (Garrott et al. 2007).

4.2 Prey choice governed by roe deer density

On alocal level it is the roe deer population density that acts as the main predictor of the
prey choice by wolves according to our model. Moose population density, on the
contrary, had no effect on the prey choice. This further strengthens the hypothesis that
when roe deer are available at sufficient densities, this is the preferred prey of wolves,
and that the shift of wolf predation towards roe deer governs the predation pressure on
other prey species, also on a local (intra-territory) level. Jedrzejewski et al. (2000) found
a similar association between the wolf prey choice and red deer population density
during their study in Poland. Interestingly, whereas red deer are relatively large, thus
beneficial prey, roe deer provide at best 1/6 the body mass of a moose (Sand et al.
2005). Also, the chase distance for wolves to capture roe deer is on average longer than
that to capture moose, although the success rate of the chase is no higher (Wikenros et

al. 2009). Thus, the roe deer chase appears to be less profitable than a chase on moose.

One might speculate how roe deer, being small and difficult to catch, becomes the
predictor of wolf prey choice despite appearing to be a less profitable prey than moose.
Mattioli et al. (2011) found wolves to select the most vulnerable prey, given the option.
Moose, being so much larger and stronger than roe deer, are known to pose a larger
threat to an attacking wolf and are capable of causing severe injury or death to the wolf

(Aronsson et al. 2002). Predators should, and do, evaluate the risk involved in foraging
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(Berger-Tal et al. 2009) and it is likely that the risk of injury is a cost great enough for

the wolves to avoid moose when the smaller roe deer are available.

However, in Scandinavia, local roe deer population densities must be relatively high
(>30 roe deer/10km?) for wolves to make this shift in their prey choice. Thus we may
assume that the roe deer profitability increases with roe deer population density. Due to
their small size roe deer may simply not be profitable for wolves when energy must be
spent searching for them. Thus, it is likely that wolves only prey on roe deer
opportunistically when roe deer occur at low population densities (Gervasi et al. 2012a).
A high population density can lead to behavioural effects of the roe deer, by increasing
their tendency to aggregate in numbers (Vincent et al. 2009), potentially making their
location more predictable to wolves. Previous studies have shown that wolves are able
to adjust the utilisation of their home range in response to the location of predictable
prey (Kunkel et al. 2004). One could hypothesise that wolves spend more time in areas
with aggregated roe deer, thereby reducing their search distance and increasing the
profitability of roe deer as prey (Giraldeau 2008). Theoretically, moose predation would
then be further limited as wolves may rarely encounter moose in the roe deer habitat
(Messier 1995, Murdoch 1975). However, this hypothesis is not supported in a first

investigation of wolf movement in Scandinavia (Gervasi et al. 2012a).

Another hypothesis for how roe deer population density increases the profitability of
the roe deer as prey is that there are indirect effects of roe deer population density on
their vulnerability through intra-specific competition and limitation of resources
(Rockwood 2006). Roe deer with reduced home range sizes (Kjellander et al. 2004), and
subadults that are unable to establish permanent home ranges (Vincent et al. 2009) at
high population densities could potentially become weak, thus become vulnerable to

predation (Mattioli et al. 2011).

Furthermore, roe deer are sensitive to increasing snow depth (Danilkin 1995), as snow
can severely hamper the their chances of escape, and potentially make them vulnerable
to predation (Nowak et al. 2005). However, counter our expectations we found no effect
of snow depth on the prey choice in this study, results similar to the conclusions of Sand

et al. (2005) and Dale et al. (1995). It is possible that the regional snow depth measure
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did not accurately describe the local snow conditions at each Kkill site causing a type II
error in the analysis, or snow depths may simply not have reached the extremes at

which it becomes problematic for roe deer.

Previous to this study moose have generally been considered the most important prey
species for Scandinavian wolves (Olsson et al. 1997; Sand et al. 2005, 2010) whereas in
other parts of Europe, with a different prey composition, roe deer have been found as
the main prey for wolves (Nowak et al. 2011; Wagner et al. 2012). This study, in
agreement with other research (Jedrzejewski et al. 2000; Nowak et al. 2011; Wagner et
al. 2012; Milanesi et al. 2012), shows that the wolves adjust their diet according to
prevailing prey densities. We would expect to observe several changes in wolf prey
choice if establishment of territories occur throughout southern Scandinavia, in areas
with different prey composition than in the wolf area hitherto. Thus, the collection of
more data and the analysis thereof, is necessary throughout the Scandinavian Peninsula.
This provides an interesting opportunity for wolf ecology research in the future, as the

wolf population grows and colonise new areas.

5. MANAGEMENT IMPLICATIONS

When wolves establish territory in an area their presence and numbers have the
potential to cause great impact on their prey populations (Post et al. 2002, Ripple &
Beschta 2011). Moose and roe deer are important game species in Sweden (Swedish
Hunters Association 2011) and gaining knowledge of how the wolves’ affect the game
communities is important for management and the estimation of sustainable harvest

quotas.

As the subject of a substantial annual human harvest, the moose is the most important
game species in Scandinavia (Swedish Hunters Association 2011). Increased wolf
predation has a negative effect on moose population growth rate (Gervasi et al. 2012b),
as winter predation from wolves on moose is only in part compensatory to starvation,
but is mainly additive (Sand et al. 2012b). Thus, a relief from wolf predation due to the
wolves’ choice of other prey should have positive effects on the moose population
growth rate (Gervasi 2012b). With wolves shifting their prey choice from moose to roe

deer at high roe deer population densities, it is possible that effects of wolf predation on
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the moose population locally could be reduced if management actions are aimed to

increase the roe deer population density (Hayward et al. 2007).

How the roe deer populations will cope with wolf predation depends largely on what
other factors affect the survival, e.g. other predators, disease and hunting (Seip 1995).
Supplementary feeding may provide a mean to increase survival (Rehbinder & Ciszuk
1985) and alterations in hunting pressure can greatly affect the population growth
(Gervasi et al. 2012b). Gervasi et al. (2012b) also found lynx predation to have a great
impact on roe deer population growth. Perhaps in the future, management plans should
not focus on the effects of separate species, but the ecosystem rather be managed as a

multi-species web.

6. ACKNOWLEDGEMENTS

Firstly, I would like to thank my supervisor Hakan Sand at the Grims6 Wildlife Research
Station, Sweden, for believing in me and giving me the fantastic opportunity to use his
data set and write my master thesis on the Scandinavian wolf project Skandulv. Thank
you so much for all the encouragement, help, advise and support that I have received
during the work on my thesis. I also want to thank my second supervisor Barbara
Zimmermann at Hedmark University College in Evenstad Norway, for her invaluable
guidance with data management and analyses, and for always greeting my questions
with a big smile. | want to thank field technician David Ahlqvist at Grimsoé Wildlife
Research Station, Sweden, for the excellent training and guidance during both the
predation study and pellet count fieldwork, and for always coming to the rescue when I
am in trouble! I truly had the best time during fieldwork! Many thanks to DVM Andrea
Miller at Hedmark University College for the moral support and useful comments on my
writing in an early version of my manuscript, and thanks to my fellow master students
in Grimso, Léa Baronnat and Sara Lindqvist for enlightening discussions on methods and
statistics. Of course, I want to thank everyone that has been involved in the Skandulv
project and fieldwork throughout the years, capturing and marking wolves, and
collecting data on predation and prey population density. Without your expertise, skills
and hard work there would have been no data for me to analyse! Last, but not least, I
would like to thank all the Grimsé Wildlife Research Station staff and students (no one

mentioned no one forgotten), for making me feel so at home in Grimso!

22



7. REFERENCES

Aronsson A., Wabakken P., Sand H., Steinset O.K. and Kojola I. (2002). The Wolf in
Scandinavia: Status report of the 2000/2001 Winter. Report 2001:2 Hedmark University
College (Hogskolen i Hedmark). In Swedish with English summary.

Berger-Tal O., Mukherjee S., Kotler B.P. and Brown ].S. (2009). Look before you leap: is
risk of injury a foraging cost? Behavioral Ecology and Sociobiology, vol. 63, pp.
1821-1827.

Bisi J., Liukkonen T., Mykra S., Pohja-Mykrda M. and Kurki S. (2010). The good bad wolf —
wolf evaluation reveals the roots of the Finnish wolf conflict. European Journal of
Wildlife Research, vol. 56, pp. 771-779.

Bissett C., Bernard R.T.F. and Parker D.M. (2012). The response of lions (Panthera leo) to
changes in prey abundance on an enclosed reserve in South Africa. Acta Theriologica,
vol. 57, pp. 225-231.

Burnham K.P. and Anderson D.R. (2004). Multimodel Inference: Understanding AIC and
BIC in Model Selection. Sociological Methods and Research, vol. 33, pp. 261-304.

Cromhout M. (2006). ‘The ecology of the African buffalo in the Eastern Kalahari region,
South Africa’, MSc Thesis, University of Pretoria.

Dale B.W., Adams L.G. and Bowyer R.T. (1995). Winter Wolf Predation in a Multiple
Ungulate Prey System, Gastes of the Arctic National Park, Alaska. In Carbyn L.N.,
Fritts S.H. and Seip D.R. (eds). Ecology and Conservation of Wolves in a Changing
World. Canadian Circumpolar Institute, Occasional Publication No. 35, 642 pp.

Danilkin A. (1995). Behavioural Ecology of Siberian and European Roe Deer. Chapman &
Hall Ltd, London.

Edenius L., Ericsson G. and Naslund P. (2002). Selectivity by Moose vs. the Spatial
Distribution of Aspen: A Natural Experiment. Ecography, vol. 25, pp. 289-294.

Ericsson G., Heberlein T.A., Karlsson J., Bjarvall A. and Ludvall A. (2004). Support for
hunting as a means of wolf Canis lupus population control in Sweden. Wildlife Biology,
vol. 10, pp. 269-276.

ESRI -Environmental Systems Resource Institute. (2009). ArcMap 9.3.1 ESRI, Redlands,
California.

Garrott R.A., Bruggeman J.E., Becker M.S., Kalinowski S.T. and White P.J. (2007).
Evaluating Prey Switching in Wolf-Ungulate Systems. Ecological Applications, vol. 17,
pp. 1588-1597.

Gervasi V., Sand H., Zimmermann B., Mattisson J., Wabakken P. and Linnell J.D.C. (2012a).
‘Fine-scale landscape structure disentangles predation risk in two sympatric ungulates
exposed to a recolonizing large carnivore’. Unpublished manuscript.

Gervasi V., Nilsen E.B., Sand H., Panzacchi M., Rauset G.R., Pedersen H.C., Kindberg J.,
Wabakken P., Zimmermann B., Odden J., Liberg O., Swenson J.E. and Linnell J.D.C.
(2012b). Predicting the potential demographic impact of predators on their prey: a
comparative analysis of two carnivore-ungulate systems in Scandinavia. Journal of
Animal Ecology, vol. 81, pp. 443-454.

Giraldeau L-A. (2008) Solitary Foraging Strategies. In Danchin E., Giraldeau L-A. and
Cézilly F. (eds.) Behavioural Ecology. Oxford University Press, Oxford, UK.

Gregg M.A. and Crawford J.A. (2007). Survival of greater sage-grouse chicks and broods in
the northern great basin. Journal of Wildlife Management, vol. 73, pp. 904-913.

Hayward M.W.,, O’Brien ]., Hofmeyr M. and Kerley G.I.H. (2007). Testing Predictions of
the Prey of Lion Derived From Modeled Prey Preferences. The Journal of Wildlife
Management, vol. 71, pp. 1567-1575.

Hegel T.M., Mysterud A., Huettmann F. and Stenseth N.C. (2010). Interacting effects of

23



wolves and climate on recruitment in a northern mountain caribou population.
Oikos, vol. 119, pp. 1453-1461.

Jacobs J. (1974). Quantitative measurement of food selection, a modification of the
forage ratio and Ivlev’s electivity index. Oecologia, vol. 14, pp. 413-417.

Jedrzejewski W., Jedrzejewska B., Okarma H. Schmidt K., Zub K and Musiani M. (2000).
Prey selection and predation by wolves in Bialowieza primeval forest, Poland.
Journal of Mammalogy, vol. 81, pp. 197-212.

Keech M.A,, Lindberg M.S., Boertje R.D., Valkenburg P., Taras B.D., Boudreau T.A. and
Beckmen K.B. (2011). Effects of Predator Treatments, Individual Traits, and
Environment on Moose Survival in Alaska. Journal of Wildlife Management, vol. 75,
pp. 1361-1380.

Kjellander P., Hewison A.].M,, Liberg O., Angibault ].M. Bideau E. and Cargnelutti B.
(2004). Experimental evidence for density-dependence of home-range size in roe
deer (Capreolus capreolus L.): a comparison of two long-term studies. Behavioural
Ecology, vol. 139, pp. 478-485.

Koper N. and Manseau M. (2012). A guide to developing resource selection functions
from telemetry data using generalized estimating equations and generalized linear
mixed models. Rangifer, special issue 20, pp. 195-204.

Krebs J.R., Erichsen J.T., Webber M.I. and Charnov E.L. (1977). Optimal prey selection in
the great tit (Parus major). Animal Behaviour, vol. 25, pp. 30-38.

Krebs J.R. (1978). Optimal Foraging: Decision Rules for Predators. In Krebs J.R. and Davies
N.J. (eds) Behavioural Ecology, an evolutionary approach. Blackwell Scientific
Publications, Oxford, UK.

Krebs C.J. (1999). Ecological Methodology 2nd ed. Addison-Wesley Educational Publishers
Inc. Vancouver, British Columbia.

Kunkel K.E., Ruth T.K., Pletscher D.H. and Hornocker M.G. (1999). Winter Prey Selection
by Wolves and Cougars in and Near Glacier National Park Montana. The Journal of
Wildlife Management, vol. 63, pp. 901-910.

Kunkel K.E., Pletscher D.H., Boyd D.K., Ream R.R. and Fairchild M.W. (2004). Factors
Correlated with Foraging Behavior of Wolves in and Near Glacier National Park,
Montana. The Journal of Wildlife Management, vol. 68, pp. 167-178.

Ljung P. (2011). Availability of Game Meat —The Key to Public Acceptance of Hunting?
Paper presented at the International demposiurn on Society and Resource Management,
University of Wisconsin Madison, 3"-8" June.

MacArthur R.H. and Pianka E.R. (1966). On Optimal Use of a Patchy Environment. The
American Naturalist, vol. 100, pp. 603-609.

Manly B.F.J. (1974). A model for certain types of selection experiments. Biometrics, vol. 30,
pp. 281-294.

Mattioli L., Capitani C., Gazzola A., Scandura M. and Apollonio M. (2011). Prey selection
and dietary response by wolves in a high-density multi-species ungulate
community. European Journal of Wildlife Research, vol. 57, pp. 909-922.

Mattisson J., Sand H., Wabakken P., Gervasi V., Liberg O., Linnell ]., Rauset G.R. and
Pedersen H.C. (2012). ‘Territory size variation in a recovering wolf population:
evaluating the effect of environmental, demographic, and social factors’. In press.

Mech L.D. and Peterson R.0. (2003). Wolf-Prey Relations. In Mech L.D. and Boitani L.
(eds.) Wolves: Behavior, Ecology, and Conservation, pp.104-131. The University of
Chicago Press Ltd, London.

Messier F. (1995). On the functional and numerical responses of wolves to changing
prey density. In Carbyn L.N., Fritts S.H. and Seip D.R. (eds). Ecology and
Conservation of Wolves in a Changing World. Canadian Circumpolar Institute,

24



Occasional Publication No. 35, 642 pp.

Milanesi P., Meriggi A. and Merli E. (2012). Selection of wild ungulates by wolves Canis
lupus (L. 1758) in an area of the Northern Apennines (North Italy). Ethology
Ecology & Evolution, vol. 24, pp. 81-96.

Murdoch W.W. (1969). Switching in General Predators: Experiments on Predator-Specificity
and Stability of Prey Populations. Ecological Monographs, vol. 39, pp. 335-354.

Murdoch W.W., Avery S. and Smyth M.E.B. (1975). Switching in Predatory Fish. Ecology,
vol. 56, pp. 1094-1105.

Neff D.J. (1968). The pellet group count technique for big game trend, census, and
distribution: a review. The Journal of Wildlife Management, vol. 32, pp. 597-614.

Nicholson K., Peterson W.J. and Ballard W.B. (2008). Comparisons and trends in White-
tailed deer (Odocoileus virginianus) body fat in northeastern Minnesota, 1974-1990.
Canadian Field-Naturalist, vol. 122, pp. 253-261.

NMI —Norwegian Meteorological Institute (2012). Available at eklima.met.no [accessed
2012-04-25]

Nowak S., Myslajek R.W. and Jedrzejewska B. (2005). Patterns of wolf Canis lupus
predation on wild and domestic ungulates in the Western Carpathian Mountains (S
Poland). Acta Theriologica, vol. 50, pp. 263-276.

Nowak S., Myslajek R.W.,, Klosinska A. and Gabrys G. (2011). Diet and prey selection of
wolves (Canis lupus) recolonising Western and Central Poland. Mammalian
Biology, vol. 76, pp. 709-715.

Olson N.W., Paukert C.P. and Willis D.W. (2003). Prey selection and diets of bluegill
Lepomis macrochirus with differing population characteristics in two Nebraska
natural lakes. Fisheries Management and Ecology, vol. 10, pp. 31-40.

Olsson O., Wirtberg J., Andersson M. and Wirtberg 1. (1997). Wolf Canis lupus predation on
moose Alces alces and roe deer Capreolus capreolus in south-central Scandinavia.
Wildlife Biology, vol. 3, pp. 13-25.

Pehrson A. (2004). Spillningsinventering. In Jansson G., Seiler C. and Andrén H. (eds).
Skogsvilt Il Vilt och landskap i fordndring (Forest wildlife 111 Wildlife and landscape in
change). Grims0 Research Station, Swedish University of Agricultural Sciences (SLU),
Riddarhyttan. In Swedish.

Peterson R.O. and Ciucci P. (2003). The Wolf as a Carnivore. In Mech L.D. and Boitani L.
(eds.) Wolves: Behavior, Ecology, and Conservation, pp.104-131. The University of
Chicago Press Ltd, London.

Post E., Stenseth N.C., Peterson R.O., Vucetich J.A. and Ellis A.M. (2002). Phase dependence
and population cycles in a large-mammal predator-prey system. Ecology, vol. 83, pp.
2997-3002.

R Foundation For Statistical Computing (2012). R 2.15.0 (online). Available from cran.r-
project.org.

Rehbinder C. and Ciszuk P. (1985). Supplementary feeding of roe deer (Capreolus capreolus
1.) with late harvested hay —a pilot study. Rangifer, vol. 5, pp. 6-14.

Ripple W.J. and Beschta R.L. (2011). Large predators limit herbivore densities in northern
forest ecosystems. European Journal of Wildlife Research, vol. 58, pp. 733-742.

Risberg P. (2011). Jakt. The Swedish Environmental Protection Agency website (Last
updated on 6™ December 2011) Available from
<http://www.naturvardsverket.se/Start/Naturvard/Jakt-och-vilt/Jakt/> [accessed
on March 21* 2012].

Rockwood L.L. (2006). Introduction to Population Ecology. Blackwell Publishing Ltd.
Oxford, UK.

Rohner C. and Krebs C.J. (1996). Owl predation on snowshoe hares: consequences of

25



antipredator behaviour. Oecologica, vol. 108, pp. 303-310.

Ronnegard L., Sand H., Andrén H., Méansson J. and Pehrson A. (2008). Evaluation of four
methods used to estimate population density of moose Alces alces. Wildlife Biology,
vol. 14, pp. 358-371.

Sand H., Zimmermann B., Wabakken P., Andrén H. and Pedersen H.C. (2005). Using GPS
Technology and GIS Cluster Analyses to Estimate Kill Rates in Wolf-Ungulate
Ecosystems. Wildlife Society Bulletin, vol. 33, pp. 914-925.

Sand H., Wikenros C., Wabakken P. and Liberg 0. (2006). Effects of hunting group size,
snow depth and age on the success of wolves hunting moose. Animal Behaviour,
vol. 72, pp. 781-789.

Sand H., Liberg O., Aronson A., Forslund P., Pedersen H.C., Wabakken P., Brainerd S.,
Bensch S.,Karlsson J. och Ahlgvist P. (2010). Den Skandinaviska Vargen en
sammanstdllning av kunskapsldget 1998 — 2010 frdn det skandinaviska
vargforskningsprojektet SKANDULYV (The Scandinavian Wolf —a summary of the
collected knowledge 1998-2010 from the Scandinavian Wolf Research Project
SKANDULYV), Grimso forskningsstation, SLU. Rapport till Direktoratet for
Naturforvaltning, Trondheim, Norge. In Swedish.

Sand H., Vucetich J.A., Zimmermann B., Wabakken P., Wikenros C., Pedersen H.C.,
Peterson R.O. and Liberg O. (2012). Assessing the influence of prey-predator ratio, prey
age structure and packs size on wolf kill rates. Oikos, vol. 121, pp. 1454-1463.

Sand H., Wikenros C., Ahlqvist P., Stromseth T.H. and Wabakken P. (2012b). Comparing
body condition of moose (Alces alces) selected by wolves (Canis lupus) and human
hunters: consequences for the extent of compensatory modality. Canadian Journal of
Zoology, vol. 90, pp. 403-412.

Sandre S-L., Stevens M. and Mappes J. (2010). The effect of predator appetite, prey warning
coloration and luminance on predator foraging decisions. Behaviour, vol. 147, pp.
1121-1143.

Seip D.R. (1995). Introduction to Wolf-Prey Interactions. In Carbyn L.N., Fritts S.H. and
Seip D.R. (eds). Ecology and Conservation of Wolves in a Changing World. Canadian
Circumpolar Institute, Occasional Publication No. 35, 642 pp.

Shultz S. and Finlayson L.V. (2010). Large body and small brain and group sizes are
associated with predator preferences for mammalian prey. Behavioural Ecology,
vol. 21, pp. 1073-1079.

Sjolander-Lindqvist A. (2006). ”Den ér ju inte 1 fArhagen pa studiebesok™ (It is sure not in
the sheep enclosure on a study visit”). Report 2006:1 Gothenburg University
(Goteborgs Universitet). In Swedish.

Swedish Hunters Association (2011). Svenska Jagareforbundets Viltovervakning —
Avskjutningsstatistik (The Swedish Hunters Association Wildlife Monitoring —Bag
Statistics). Swedish Hunters Association Website. Available at
<http://www.jagareforbundet.se/Viltet/Viltovervakningen/Avskjutningsstatistik/
> [accessed Sth March 2012].

SMHI —Swedish Meteorological and Hydrological Institute (2012). SE-601 76 Norrkoping.

Vincent ].P., Bideau E., Hewison A.J.M. and Angibault M. (2009). The influence of
increasing density on body weight, kid production, home range and winter
grouping in roe deer (Capreolus capreolus). Journal of Zoology, vol. 236, pp. 371-
382.

Wagner C., Holzapfel M., Kluth G., Reinhardt I. and Ansorge H. (2012). Wolf (Canis lupus)
feeding habits during the first eight years of its occurrence in Germany.
Mammalian Biology, vol. 77, pp.196-203.

Whitehead J., Case B., Wilson K.J. and Molles L. (2012). Breeding variation in female

26



kakapo (Strigops habroptilus) on Codfish Island in a year of low food supply. New
Zealand Journal of Ecology, vol. 36, pp. 64-74.

Wikenros C., Sand H., Wabakken P., Liberg O. and Pedersen H.C. (2009). Wolf Predation on
Moose and Roe deer: Chase Distances and Outcome of Encounters. Acta Teoriologica,
vol. 54, pp. 207-218.

Zimmermann B., Wabakken P., Sand H., Pedersen H.C. and Liberg O. (2007). Wolf
Movement Patterns: a Key to Estimation of Kill Rate? The Journal of Wildlife
Management, vol. 71, pp. 1177-1182.

27



