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Abstract

The wild boar (Sus scrofa L.) has expanded across Europe and Sweden in the last decades.
It is a generalist species which utilizes a variety of habitats, and its presence has been
shown to have both positive and negative effects for people and the landscape they are in.
The abundance and increase of wild boar has previously been shown to differ between
counties in Sweden, but there have been few explanations as to why.

In this study, I investigated correlations between the per capita rate of change (r) among
wild boar populations in Sweden and a variety of different habitats on the county level. |
also investigated if fragmentation per se or in certain habitats could be associated with the
wild boar’s per capita rate of change.

My results show that fragmentation/diversity per se was not correlated with wild boar r. 1
found a negative correlation with the amount of deciduous trees in general, including oak,
human activities (hunters/km?, traffic density and population density) and most agricultural
variables (except oats). The results regarding clear cuts were inconclusive and would
require further investigation. My results show a positive correlation between wild boar r
and percentage of most types of coniferous and mixed forests, trees 21-60 years of age and
the area of oats grown. The results agree with my results of fragmentation among similar
habitats, where mean area, proximity to same habitat and others were positively correlated
withr.

Sammanfattning

Vildsvinet (Sus scrofa L.) har kraftigt okat sin utbredning i Europa de senaste artiondena.
Det &r en generalist som utnyttjar valdigt varierande habitat, och dess utbredning gett bade
positiva och negativa effekter pa landskapet och for befolkningen i dessa omraden. Tidigare
har det visats att forekomsten och forokningen av olika vildsvinspopulationer har skiljt sig
mellan olika lan i Sverige, men fa forklaringar till detta har getts.

| denna studie har jag undersokt korrelationer mellan den nuvarande 6kningstakten per
capita (r) hos vildsvinsstammar i Sverige och ett antal habitats- och manskliga faktorer pa
lansniva. Jag har ockséa undersokt om habitatfragmentering i sig eller av specifika
habitatstyper kan vara av betydelse for att beskriva vildsvinens per capita-6kningstakt.
Mina resultat visar att fragmentering i sig (oberoende av habitattyp) inte har nagon stark
korrelation med r i min studie.

Jag hittade negativa korrelationer mellan r och andel 16vtrad i lanen, inklusive ek,
manskliga aktiviteter (jagartathet, trafikdensitet och populationsdensitet) samt andel av de
flesta grodor som odlas (férutom havre). Resultaten angaende andel och fragmentering av
kalhyggen var otydliga och skulle behéva undersokas ytterligare. Jag fann ocksa i de flesta
fall en positiv korrelation mellan 6kningstakten (r) och andelen barr- och blandskogar, trad
med alder 21-60 ar och andelen havre som odlas av den totala lansarean. Dessa resultat
6verensstammer i de flesta fall val med resultaten av mina analyser om
fragmenteringseffekter pa habitatsniva, dar medelarea, narhet till omraden av samma
habitattyp m.fl. var positivt korrelerade med r.



Introduction

For a long time, species have spread to, or invaded new habitats. In many cases this has
also changed the ecological community (Geisser and Reyer 2005), and a lot of research has
been conducted about invasive species (Mooney and Cleland 2001, Sakai et al. 2001,
Strayer et al. 2006, to mention a few). The human population has been growing, and will
continue to grow by billions over the coming 100 years (Anon 2014).

As in most of the world, the habitat in Sweden is heterogeneous, the human population is
growing (Lundgren 2014), and the landscape has changed during the last 200 years
(Ostlund et al. 1997). Add to this that there are “invasive” species living in Sweden, i.e. the
wild boar (Sus scrofa L.) (Anon 2010).

The wild boar exists on all continents except Antarctica (Oliver and Leus 2008), and has
since the 80s spread widely across Europe, including Sweden (Geisser and Reyer 2005)
(Figure 1).

v
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Figure 1. Wild boar distribution in the world. Question marks denotes occurrence but
unknown distribution, circles indicate islands where wild boar has been introduced
(modified from Barrios-Garcia and Ballari 2012).

The wild boar previously existed in Sweden, but was hunted to extinction several hundred
years ago; due to escapes from enclosures a very viable population has formed in most of
southern Sweden (Truve and Lemel 2003, Anon 2010), and wild boar is now expanding its
range to the north (Truvé 2004). Even though wild boar is now officially considered to be a
native species by Sweden, it could be argued to be “re-invasive” as well.

The presence of wild boar has had many different effects. It has become a species for
hunters, economic benefits from hunting tourism, meat (sales and the hunters’ own
consumption), and the boar itself does a lot of rooting that may help increase the diversity
of plants and animals (Anon 2010). However, the effects are not solely positive. In areas
where the boar is not native (e.g. the Smoky Mountains of the U.S.A.) there have been
reports of large ecological consequences, like increased predation on and competition with
native animals, destruction of wildflower areas, damage to tree roots and woody seedlings
(Mitchell et al. 2007), soil erosion etc. (Bratton 1975, Barrios-Garcia and Ballari 2012). In
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Sweden the wild boar has affected agricultural crops by trampling and foraging, destroyed
gardens and golf courses by rooting, caused traffic accidents and other economic loss
(Herrero et al. 2006, Bueno et al. 2009, Anon 2010, Lagos et al. 2012, Schon and Ball
2013).

Wild boar ecology

Wild boars are omnivorous with a preference for vegetable food with high nutritional value
(Schley and Roper 2003, Barrios-Garcia and Ballari 2012). The diet is largely determined
by availability, which means that there are seasonable changes in diet (Schley and Roper
2003, Massei et al. 1996). The staple food, if available is mast, like beechnut (Fagus sp.),
acorns (Quercus sp.) and chestnut (Castanea sp.) and some consumption of animal food,
like earthworms, rodents, moles, eggs and so on almost always also occurs (Schley and
Roper 2003, Barrios-Garcia and Ballari. 2012). Among agricultural crops in Sweden,
Wretling-Clarin and Karlsson (2010) found a preference for wheat, oats, peas and potatoes,
as well as different types of grazing areas. Schley et al. (2008) found a negative selection
for barley.

The wild boar utilizes an extremely wide range of habitats opportunistically (Massei and
Genov 2004), and are mostly active during the night, when they are out foraging (Boitani et
al. 1994). Truvé (2004) has shown that each foraging period lasts on average 7.2 hours, and
that they normally move in an area of 104.4 ha (rarely ever over 400ha) in Sweden. This
would represent a circle with a diameter of 1.2 km (rarely ever more than 2.3 km). This is
also consistent with a Polish study in a mixed forest habitat where the average home range
was 80-150 ha (Gorecki et al. 2009). However, home range size can vary greatly, between
300 and 15000 ha (Massei and Genov 2004 (and references therein)).

The home range is thought to be influenced mainly by two things, food availability and
density of wild boar. Increasing food availability decreases movement and home range size
to reduce risk and energy spending (Massei et al. 1997). A high density of boars should in
theory mean smaller home ranges and an increased activity, but if connected to food
availability it might as well mean that a high density and low food availability forces the
boars to increase their home range to find enough food, and the opposite if resources are
high and density low (Bertolotto 2010, Massei et al. 1997).

Melis et al. (2006) found that the strongest environmental correlations with wild boar
densities were the mean January temperature (i.e. winter harshness; negatively correlated)
and vegetation productivity (i.e. food resources; positively correlated). These two can be
connected, as Truvé (2004), Bertolotto (2010) and Keuling et al. (2008) found that snow
restricts and limits wild boar food search and movement.

Within wild boar home ranges there is a habitat selection difference between day and night,
where Boitani et al. (1994) found that open areas are preferably used actively during night
and forest for resting during the day. In their study they also saw that some wild boar
groups seemed to avoid open areas whereas others favoured them. Thurfjell et al. (2009)
demonstrated that on a larger scale open areas (close to forest edges), water, and forests of
different types are selected by the boar, and on a smaller scale, hedges and ditches. Most
importantly, the authors also showed an avoidance of agricultural land except for the short
period when crops are ripe, similar to Boitani et al’s (1994) and Keluing et al’s (2008)
findings. Riparian and forest corridors are also often used, according to Caley (1997) and



Dexter (1998), who found that they use that habitat for thermoregulation, and Fernandez-
Llario (2004) found that the selection for abundant vegetation edge habitat connected to
water was connected to protecting young and increase milk production (Fraser and Phillips
1989). Choquenot and Ruscoe (2003) connected the preference for riverine woodland to
pasture biomass, and found that the numerical response of pigs (r) was lower, the longer
distance between riverine woodland and pasture land.

Gorecki et al. (2009) showed a preference for Scots pine and oak stands and trees older than
30 years, which partly supports the findings of Abaigar et al. (1994) who found preference
for oak and mixed forests.

Turning now to spatial aspects, all habitats are composed of patches of different size, shape
and type (Bowers and Matter 1997), i.e. different types of fragmentation. This is a large
research topic (Skole and Tucker 1993, Herkert 1994, Andrén 1994, Kruess and Tscharntke
1994 among others), furthermore | found 23 475 hits for “habitat fragmentation” in Web of
Science (2015-05-22), indicating how much ecological research focuses on this aspect of
animal habitat. Depending on the structure, many variables can be quite different, e.g. the
area influenced by edge. In Bowers and Matter’s (1997) review of different mammal
densities as a function of patch area, they found that 20 out of 32 species’ densities did not
vary with patch area, while 5 increased and 7 decreased. Turning to a consideration of wild
boar in particular, Acevedo et al. (2006) found that boar abundance was highest in highly
diverse forest landscapes, and Virgds (2002) found a preference for large forest fragments
adjacent to other large forest fragments near mountains or riparian areas. They discuss the
possibility that this is linked to the possibility of finding a larger number of key resources in
a diverse habitat.

Thurfjell et al. (2015) reported that wild boar avoids high traffic levels, and most traffic
accidents with boar occur at intermediate traffic levels, and mostly within the boar foraging
habitat.

Reproduction and expansion
The wild boar population in Sweden is expanding by 4.8 km per year (Truvé 2004), and has
spread a lot since it re-established (Figure 2) (Wretling-Clarin and Karlsson 2010)
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Sporadisk forekomst . Etableringar . God Forekomst
Kdilla: Svensk Naturférvaltming, vildsvin, jakt och férvalming (egen bearbeming)
Figure 2. The geographic distribution of wild boar in Sweden 1985-2007. Sporadisk
forekomst: sporadic occurrence, Etableringar: establishments, God Férekomst: abundant
(modified from Wretling-Clarin and Karlsson 2010).

Turning now to the per capita rate of increase r, generally, in an expanding population the
density is naturally lower at the edge of the expansion zone (Swenson et al. 1998). The
density is also affected by the mortality and reproduction rate. The main cause of mortality
in wild boar populations is hunting (Tolon et al. 2009). The reproduction rate is one of the
key concepts to understand the success in wild boar colonization, and is also one of the
main reasons why it is considered to be a problem species in Sweden. The reproduction
rates reported varies greatly among different studies and landscapes; a 10% yearly increase
(in Portugal) (Fonseca et al. 2011), 63% yearly increase (under good conditions in
Germany and eastern Europe) (Bieber and Ruf 2005), around 40% yearly increase in the
Great Smoky Mountains (Bratton, 1975), and an average litter size of 4 to 5 on the Iberian
Peninsula (Fonseca et al. 2004, Bertolotto, 2010). The fecundity of the wild boar is partly
affected by food availability, Bertolotto (2010) found that it affected the number of
pregnant females, the size of litters and the survival probability of piglets.

Aims

Wild boar is an intriguing species, and previous studies have shown (as seen above) a
connection between boar and a variety of habitat and human factors. To determine the
abundance of wild boar by field work alone is practically impossible (Acevedo et al. 2014),
so there is a need to explore the wild boar-habitat relationships to be able to predict and
understand current and future population trends and spread.

In this thesis | ask the following questions:
1. What is the current spread and per capita rate of change among wild boar
populations in Sweden?
2. Does the per capita rate of change differ between different counties? If so:
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3. Are there habitat variables that are associated with variation among counties in the
wild boar per capita rate of increase (r), and in that case, which habitat variables?

4. s habitat diversity/fragmentation on either a county or habitat type level associated
with variation in the observed wild boar per capita rate of increase among counties?

| test for an association between the habitat and the rate of wild boar increase in three ways.
On the county level I look at a set of habitat variables and human disturbances, such as tree
species or forest variables, crops grown in different counties, the number of hunters in
various counties since hunting is the main mortality factor among boars. | will also look at
a set of fragmentation variables as several studies have suggested relationships with
fragmented areas or habitat diversity. On a finer scale, I will look at fragmentation and
diversity variables of different habitat classes within the counties.

Material and methods

One way of estimating the rate of increase in a population is to take measure the population
at intervals and transform the numbers to natural logarithms (In), where the slope of the In
values gives the per capita rate of increase (i.e. new animals per existing animal) (Messier
et al 1988, Sinclair et al 2006). Underlying environmental factors have a large influence on
r, and it is therefore a good estimator of habitat suitability (Birch 1948).

There is no large-scale data on wild boar numbers in Sweden, and previous studies have
shown that it is a difficult species to estimate the abundance of (Cahill et al. 2003).
Therefore, indirect methods are often used, and among those hunting bag statistics are often
considered the most cost effective and suitable option (Acevedo et al. 2006, Honda and
Kawauchi 2011).

Studies have shown that road accident data is a good and cost-efficient way of monitoring
animal population trends over time (Gehrt 2002, Baker et al. 2004, Brockie et al. 2009) and
therefore | collected wild boar road accident data for years 2003 to 2014 (Nationella
Viltolycksradet 2015) and also hunting bag statistics (Kindberg, pers. comm.). Reporting
road accidents with wild boar is mandatory in Sweden (Anon 2015b) unlike the voluntary
reporting of hunting bags. | tested if both of these measures were correlated (which is
expected if both are indexing the wild boar population) and after that decided to use the
road accident data. | examine the per capita rate of increase in different counties after the
wild boar are established, but I do not want to include years with just a few dispersing wild
boar hit by cars. Therefore my calculations start when there had been at least 3 wild boar
accidents per year for a consecutive period of at least 5 years. The road accident data was
then used to estimate the population change, by doing a regression line through the natural
logarithm of the road accident data (Messier et al 1988, Sinclair et al 2006).

Because of the generalist nature of the wild boar, | was not sure which habitat or human
variables that could be importantly associated with wild boar r, so therefore 1 used my
knowledge of wild boar ecology and collected a variety of data on habitats and human
factors at a county level that could prove to be important to include in my analysis.

| collected data on the Swedish human population numbers from Statistics Sweden (2015a),
data on the number of vehicles (cars, light trucks (<3500kg), heavy trucks (>3500kg), buses
and motorcycles) registered in each county between 2003 and 2014 from Statistics Sweden,
traffic analysis (2015b), the total mileage driven in each county and year was calculated



from Statistical yearbook 2011 (Statistics Sweden 2012) and the total number of hunters in
each county and year (2002-2013) was taken from The Swedish Environmental Protection
Agency (Bladh, pers. comm.). Regarding the habitat data, land use (maps from year 2000)
comes from the Swedish Environmental Protection Agency (2014), the use of fields and
agricultural crops (year 2007) comes from data at Statistics Sweden (2008) and data of
forest age (2006-2010) from the National Forest Survey/SLU (2015a), as well as tree group
(e.g. deciduous forests, mixed forests, coniferous forests) distribution (2015b). Tree species
distribution (in million m*) and % (2009-2013) comes from the National Forest Inventory,
SLU (2014). Biotope protection areas (biotopskyddsomraden) (ravine forests, old sand
forests etc.), national parks and nature reserve data comes from the Swedish Forest Agency
(2015). All included and excluded habitat variables can be found in Appendix 1.

In ArcMap (ArcGIS v 10.2.1) | imported a raster dataset (resolution 25x25m) of Swedish
Ground Cover Data (Svensk Marktackesdata) from year 2000 (Swedish Environmental
Protection Agency 2014), which | split into the different counties. The data contained 57
different classes (Appendix 2) of land cover in total (not all were found in all counties), and
each surface is automatically generalized to the smallest unit for the class in question (1, 2,
5, or 25 ha). | transformed the data to 8 bit signed integer tiff files to be able to later analyze
the habitat diversity and removed pixels with no data (i.e. open ocean). | did however save
the coastal region class of oceans as they would potentially be a useable habitat for wild
boar. Class descriptor files were created by exporting corresponding attribute tables from
each county in ArcMap and then saving them as fcd (Fragstats Class Descriptor) files. To
do calculations of fragmentation and habitat diversity in the map material, | imported the
tiff file into Fragstats (v 4.2.1.603) (McGarigal et al 2012). Fragstats is a widely-used
program (340 papers in Web of Science (2015-04-30)) which allows users to calculate a
variety of fragmentation indices and metrics from map material.

There are a few input measures that need to be defined in Fragstats; edge depth, proximity
distance and patch connectivity distance (i.e. different distances for Fragstats to be able to
calculate indices within and between patches). According to Murcia (1995), who reviewed
edge effects on abiotic factors, vegetation, birds, processes (seed dispersal, nest predation
etc.) and plant species composition and richness, the distance edge effects were detected
into a habitat varied between 10 and 600 meters, depending on study and what effect was
studied. The median value was 42 m and the average 77.9 m (not counting values where
effects were noticed to the maximum distance measured). | decided that 50 meters would be
a good indicator to detect most edge effects. In order to assess a proximity index (i.e. the
distance from a focal patch type within which neighboring patches are evaluated)
(Gustafson and Parker 1992, McGarigal 2014) | used data from the previously mentioned
study by Truvé (2004), who found that the area covered during an average activity bout for
wild boar in Sweden was around 105 ha (which would equal a circle with a diameter of 1.2
km). I chose the proximity distance to be 1200 meters. For the same reasons, the
connectance index (number of functional joinings between patches of the same type as
percentage of maximum number of possible connections (McGarigal 2014), which is
considered to be a “vital element of landscape structure” (Taylor et al 1993) was also
assigned a search radius of 1200 meters.

Since Fragstats uses quite a small number of input parameters to calculate a very wide
variety of indices, many of these derived indices are highly correlated and differ only
slightly between their calculations (McGarigal 2014). To simplify the analysis and



interpretation of results, | reduced the number of highly correlated variables. Dormann et
al.’s (2013) review and computer simulation experiment suggest 0.7 as a good rule of
thumb threshold value for collinearity. Therefore | created a correlation matrix and of those
variables that had a correlation of more than +- 0.7, | chose the one that had highest
correlation with most others and removed the other ones. When there were only two
variables correlated, | arbitrary chose the one I thought was more likely to be ecologically
relevant to wild boar (based on the literature). This was done both at the county level and at
the class level (Tables 1 and 2).

Table 1. The Fragstats habitat diversity variables retained and replaced from the models at
the county level due to high collinearity.

County level
Retained variable Replaced variable(s)
Patch density Edge density, Mean patch area, Disjunct core area density,

Mean core area, Mean disjunct core area, Proximity index,
Percentage of like adjacencies, Contagion index, Cohesion
index, Division index, Simpson’s diversity index
Aggregation index

Landscape Shape Index Core area index, Patch richness density Connectivity index

Table 2. The Fragstats habitat diversity variables retained and replaced from the models at
the habitat class level due to high collinearity.

Class level
Retained variable Replaced variable(s)
Patch density Edge density, Dls!unct core area density,
Landscape shape index
Proximity index Effective mesh size
Mean area Mean core area
Core area percentage of landscape Percentage of like adjacencies

The Fragstats variables | chose to include to test the fragmentation of the different habitat
classes can be seen in Table 3.
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Table 3. The Fragstats habitat class diversity variables used in the analysis of fragmentation
among the different habitat classes.

Variable Function

Cohesion Index | Measures physical connectedness of patches of same class.
Increases as patches become more clumped and aggregated.

Connectivity Measures connectedness of patches of same class within 1200m. 0

Index when no connectedness or single patch, 100 when every patch is
connected.

Core Area Measures percent of patch area that consists of core. 0 when no core

Index area, approaching 100 when patch consists of more core area.

Core Area Measures percent of landscape comprised by core area of

Percentage of corresponding class. 0 when core area of focal class is rare in

Landscape landscape, 100 when single patch of only core.

Interspersition | Measures evenness of distribution of patches of same class

and Juxta- 0 when patch types are unevenly distributed 100 when all patch types

position Index | are equally adjacent to all other patch types.

Mean Area Mean patch area

Mean Disjunct | Mean disjunct core area

Core Area

Patch Density Measures number of patches per area unit. Number of patches per 100
ha.

Proximity Measures proximity of equal patch types. Search radius 1200 m. 0

Index when no patches of same type are within 1200 m, increases with
proximity.

Splitting Index | Measures focal patch size and subdivision. 1 when landscape is single
patch. Increases as focal patch area is reduced and subdivided

To correlate the per capita rate of increase of wild boar with the Fragstats indices of habitat
diversity and fragmentation, | used the multivariate method Partial Least Squares (PLS)
with the NIPALS algorithm (Cox and Gaudard 2013, Palermo et al 2009) in the JMP
statistical package (v. 11.2.0, SAS Institute Inc.). It is a method used to find significantly-
associated variables where there are more explanatory variables (i.e. “X” variables) than
observations, and where these X variables may be highly correlated (Anon 2015a, Wold et
al. 2001, Brereton 2000, de Jong and Phatak 1997). The method approximates the
predictors and response (X’s and Y’s) and then fits linear models in an attempt to maximize
the covariance between predictors and response variable (Anon 2015a, Eriksson et al.
1995). This method does not assume normally-distributed data.

For the data on different agricultural crops, forest types, tree age and human activity, |
performed PLS analyses between boar increase and the percentage of each type of the
county area (county area as in Statistics Sweden 2015c). Some tree species data were
measured as million cubic meters, and were thus measured as percentage of the total group
that was measured in the same way.

| removed all habitat and habitat fragmentation variables that constituted less than 1% of
the total county area on average, since | consider it very unlikely that habitat types
occupying only the tiniest fraction of an entire county would affect the per capita rate of
increase of wild boar over that county. | next used all remaining habitat and human
variables (density of humans, density of hunters, mileage driven) in the PLS to test if there
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were any habitat types that were associated with the per capita rate of wild boar increase
among the counties. Then I inserted all counties’ habitat diversity data to test if there was
an overall significance for any of the fragmentation variables against wild boar increase.
Next, | tested the diversity variables by the ground cover habitat type because there may be
certain habitat types in which diversity/fragmentation are of importance to wild boar. In all
the above mentioned PLS runs, the data was first cross-validated, and for those that had
explanatory power (minimizing number of factors >0) | continued and received a VIP
(“Variable Importance in Projection”) value for each variable. This is based on how
important it is for modeling both X- and Y (Wold et al. 2001). | used centered and scaled
data (as suggested by Cox and Gaudard 2013) for comparison and included only those
variables with a VIP value above 0.8, as suggested by Wold (1995). In a PLS, coefficients
are given for each variable by the model but in this study | was not interested in the size of
the coefficient, only if the variable was significantly positively or negatively correlated with
wild boar per capita increase.

Results

Regarding both voluntarily-reported hunter kills and mandatory road accidents to index
wild boar populations, my analysis revealed a strong correlation (R%(adj) = 0.84 (p =
<0.0001)) (Figure 3) between wild boar traffic accidents and kills voluntarily reported by
hunters, suggesting that both were indexing wild boar abundance.

0,10

0,08

=
—
=31

?

Boar road accidents/km?

0,02

0,00

0,0 05 1.0 15 20
Boar shot/km?

Figure 3. Correlation between boar accidents/km? and shot boar/km? in Sweden 2003-2014.
R? (adj) 0.84, p <0.0001.

The current per capita rate of change (r) was calculated by using the natural logarithm (In)
of the number of wild boar accidents per county in Sweden since 2003 (or when the
population established if later than 2003) until present (Figure 4).
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Rate of increase (1)
per county and year

I:l Mo data
[ ]0.100001-0,175000

[ ] 0.175001 - 0,250000
I 0.250001 - 0.325000
I ©.325001 - 0.400000
I 0.400001 - 0,475000

Figure 4. The per capita rate of increase (r) among wild boar populations in counties in
Sweden between 2003 (later if population established after 2003) and 2014.

There was a significant difference among per capita growth rates of wild boar among
counties (F= 21,6140, DF=14, Prob <0.0001, ANOVA).

To test if the variation in per capita rate of increase of wild boar among counties was
influenced by traffic intensity | did a correlation between milage driven/km? and boar
increase rate. There was no significant correlation (R%(adj) = 0.04, p = 0.23). My analysis
revealed the same result between the change in boar accidents between years and the
change in number of registred cars per year (R? (adj) = 0.001, p = 0.27).

To investigate which habitat- and human variables were associated with the wild boar per
capita rate of increase, | conducted a PLS regression including all habitat variables that
represented more than 1% of the area of that county as well as human density, hunter
density and traffic density (Figure 5). Again, only variables with VIP value above 0.8 are
included.
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Habitat and human variables
X
Age 21-60
(Other broad leaved forests (Gurigt 16v)
Clear cuts (slutenhet=0)
Mixed coniferous/decidous (Barldvbland)
Oak (Ek)
Mixed coniferous (Barrbland)
Used hayfield and grassland (slatter- och betesvall som utnyttjas)
Fine (Tall)
Valued broad leaved forest (adellGv)
Eeech (Bok)
Alder (Al)
Average hunters/km2
Oat (havre)
Mileagefkm?2
Density humans/km?2
Fall wheat (hostvete)
Age 121>
Sum Agricultural land
Spring barley (varkom)

Cumulative X explained: 32,10%, Y 39 55%

Figure 5. PLS regression for habitat and human variables against wild boar per capita
increase. Included are the ones with Variable Importance in Projection (VIP) value > 0.8.
Blue represents positive coefficient relationship with wild boar increase, red indicates
negative and gray indicates no sign (coefficient <+-0.01). The dark blue vertical line
indicates VIP = 0.8. At the bottom is the cumulative explanatory power of the model for X
(variables) and Y (boar increase).

There were no significant correlation between the wild boar per capita rate of increase and
the Fragstats diversity/fragmentation data at the county level (i.e. patch/edge/shape metrics
regardless of habitat type) from the Swedish Ground Cover Data (PLS regression
(minimizing number of factors after cross-validation 0, minimum root mean PRESS value
of 1.07143).

Looking at the habitat diversity between different habitat types | once again only used

habitat types representing >1% of county area. The included habitat types and great
variation in habitat composition between counties can be seen in Figure 6.
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Habitats >1% of county area in different counties
Blekinge Dalama

Habitat

S 1 Agricutural tand
[ Other bog
Ml Con. forest (>15m) not on lichen ground
M Con_ forest (7-15m) not on lichen ground
I Con_ orest on exposed rock
M Con. forest on lichen ground
Ml cCon_ forest on bog

Grazing ground
I Wi forest, not on bog or exposed rock
M Clear cut
I Dec. forest {not on bog or exposed rock)
1B Lakes and ponds, open surface
I Young forest

Kaimar

Stockholm

5 £k
i

S &
SEHG

‘Vastmanland Vastra Gotaland

Figure 6. Pie chart of the different habitat types included in the habitat
diversity/fragmentation calculations (representing on average >1% of county area). This
shows the great variation in habitat composition between counties.

My analysis revealed significant PLS correlations for diversity/fragmentation variables
among several habitat types and wild boar per capita increase, their correlation sign and
(VIP) values are shown in Figure 7.
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Clear cuts

X VIP X

Cohesion Index Mean Area

Mean Area Proximity Index

Mean Disjunct Core Area Core Area Percentage of Landscape

Proximity Index

Core Area Percentage of Landscape

Core Area Index

Cumulative X explained: 63,13%, Y: 30,71%

Coniferous forest on bog

Coniferous forest (7-15m) not on lichen ground

Cohesion Index

Mean Disjunct Core Arga

Patch Density

Care Area Index

Cumulative X explained: 62 94%, Y- 46, 14%

Deciduous forest not on bog or exposed rock

X VIP X VIP
Core Area Index 16730 Splitting Index

Mean Disjunct Core Area 1.3919 Mean Arsa

Mean Area 1,1494 NN Mean Disjunct Core Area

Cohesion Index 0,9326 Patch Density

Splitting Index 0.9253 S Core Area Percentage of Landscape

Core Area Percentage of Landscape

0,8882

Proximity Index

Connectivity Index

0.8336

Core Area Index

0,8304 R Cohesion Index

Cumulative X explained: 61,24, Y: 27 56%

Proximity Index
Cumulative X explained: 57 48%, Y: 29,08%

Lakes and ponds, open surface Mixed forest not on bog or exposed rock

X VIP
Proximity Index

Cohesion Index

Mean Area

Connectivity Index

Interspersion and Juxtaposition Index
Mean Disjunct Core Area

Cumulative X explained: 43,06%, Y: 26,18%
Figure 7. The six different habitat types that yielded significant correlations from the PLS,
the fragmentation variables’ importance in the model (Variable Importance in Projection
(VIP)) and their correlation (positive: blue, negative: red). The dark blue vertical line
represents VIP = 0.8. Only variables with VIP > 0.8 are included. At the bottom of each
table is the cumulative explanatory power for X (variables) and Y (boar increase).

X

Proximity Index

Core Area Percentage of Landscape
Mean Disjunct Core Area

Mean Area

Cumulative X explained: 47 20%, Y- 35,88%

Discussion

My analysis revealed a significant difference in mean per capita rate of change between
counties, and this change over time does not seem to be connected to any increase in traffic,
which means there should be other things affecting the wild boar change in Sweden.

My results show the current spread of wild boar populations in Sweden, and their per capita
growth rate (Figure 4), which answers the first question in my aims (What is the current
spread and per capita rate of change among wild boar populations in Sweden?).

I could also in this study show that r significantly differs between different counties, which
answers the second question in my study (Does the per capita rate of change differ between
different counties?), which then lead to the follow-up question: Are there habitat variables
that at a county level scale that are associated with variation among counties in the wild
boar per capita rate of increase (r), and in that case, which habitat variables?
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| found that there was a positive correlation between wild boar increase rate and the amount
of trees aged 21-60, i.e. relatively young forest, pine and mixed forests, and amount of oats
grown. My study found a negative correlation with deciduous trees and forests, as well as
human factors and agricultural land and crops (except oats).

The last question | asked was: Is habitat diversity/fragmentation on either a county or
habitat type level associated with variation in the observed wild boar per capita rate of
increase (r) among counties?

The answer to that from this study is both yes and no. Habitat variation/fragmentation per
se was not significantly correlated with r, but among the habitat types, there were several
significant correlations. Young coniferous forest (7-15 m, not growing on lichen ground
cover), mixed forests (not growing on bog or exposed rock), lakes and clear cuts were
generally positively correlated in terms of habitat structure; mean patch area, proximity to
other patches of the same habitat. The habitat structure of deciduous forest (not growing on
bog or exposed rock) and coniferous forest growing on bog were negatively correlated with
wild boar r.

My results are in most instances supported by previous studies. Gehrt (2002) and Acevedo
et al. (2006) have shown that road accidents and hunting bag data are good measures of
species abundancy, and this study supports both those hypotheses, since both data types are
highly correlated in my study. These results, plus the fact that road accidents with wild boar
are mandatory to report, makes me believe that road accident data is a good index of the
wild boar per capita change in different counties.

A 2009 study by Gorecki et al. and Abaigar et al. (1994) found a preference of wild boar
for pine forests over 30 years of age. Pregitzer and Euskirchen (2004) also showed that the
net primary production is highest in boreal forests aged 31-120 years, which could be
connected to Melis et al. (2006) and Bratton et al. (1982), who found that one of the most
influential factors in wild boar abundance was vegetation productivity. Messier et al. (1998)
also showed that pine forests had a higher cumulative understory cover than mixed and
conifer forests on average.

Abaigar et al. (1994) and Thurfjell et al. (2009) also found a preference for mixed forests,
which is consistent with my findings. | have not been able to find studies that either support
or contradict the negative habitat diversity/fragmentation correlation between r and
coniferous forest growing on bog. Speaking from my own experience | know bogs are quite
open habitats they offer little shelter, and the food availability ought to be relatively low.
The fact that wild boar have small hooves and relatively short legs should make it much
harder to travel on bog than other forest ground. Thus it seems reasonable to believe that
they would avoid bog habitat.

Agaibar et al. (1992) and Welander (2000) found a wild boar preference for deciduous
forests and suggests that these are better habitat because of their mast food availability and
nutrient richness compared to coniferous forests. In my study, there was a negative
correlation with deciduous trees and forests, including oak. Practically all studies of wild
boar suggests that oak is a very important food source (Schley and Roper (2003), Abaigar
et al. (1994), Barrios-Garcia and Ballari (2012) among others). One possible explanation to
this might be that my study did not take into account the wild boar’s different spatial use of
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habitats during day and night or during different seasons (Thurfjell et al. 2009, Boitani et al.
1994). Many studies have shown that wild boar prefer forests for shelter, and that may be
what is mostly visible in my study, more than their selection of feeding habitats. It might
even be that (over the course of an entire year, which was the time scale of my analysis)
shelter is more important to wild boar in Sweden than food availability if food is relatively
abundant and good shelter is harder to find. Another possible explanation might be that
there are other factors that are not revealed in this study that allows the wild boar to
increase faster in areas with more coniferous forest, like a geographical factor since there
are more coniferous forest in the north, or that a more recently established population (i.e.
in the northwest) is less hunted due to hunter inexperience or the desire to hunt a population
before it abundant enough to make it worthwhile.

The negative correlations | found between r and human activity (here measured as
population density, hunter density and traffic density) seems logical. In areas where wild
boar and humans interact more, there are more conflicts and likely more attempts to reduce
the boar increase. This idea is supported by the fact that my analysis revealed that traffic
accident rates and hunting bags correlate very well in Sweden. It is also supported by
Thurfjell et al. (2015) who showed that wild boar avoid traffic, especially high traffic
levels. High traffic levels are also closely related to human density.

The positive correlation between boar increase and amount of oats grown is supported by
Wretling-Clarin and Karlsson’s (2010) report of cropland damages in Sweden, which
showed a preference for oats by the boar. Schley et al. (2008) studied crop damages in
Luxembourg and found that wild boar consumed oats less than what would be expected in
relation to its abundance. There are large differences between agricultural crops in
Luxembourg and Sweden, and one explanation to this could be that in Luxembourg, a lot of
maize and wheat is grown, which seem to be very much selected by the wild boar. The
negative correlation with share agricultural land and most agricultural crops except oats
might seem strange at first, but keeping in mind that my analysis is at the level of an entire
year, it fits well with studies by Acevedo et al. (2006) and Thurfjell et al. (2009) where wild
boar avoided agricultural fields most parts of the year, except when crops were ripe. In the
end it appears to be a trade-off between avoiding open areas (agricultural land) and utilizing
the great food source oat provides.

Like Thurfjell et al. (2009) and Fernandez-Llario (2004) found, water seems to be a
positively related factor to the wild boar, as my fragmentation results shows a positive
correlation with lakes’ and ponds’ area and proximity. One thing that is harder to explain is
why clear cuts in the habitat results were negatively correlated with wild boar increase; but
the fragmentation results yielded all positive correlations with clear cut area, proximity and
so on. | can find no logical reason for this, but it might be something for future studies to
look into.

In conclusion, in Sweden, road accidents with ungulates have to be reported (so this data
should be a reliable index of wild boar numbers), but the finest level of resolution this data
is collected is at the county level. My analysis, which examined factors which vary among
counties and tested for those factors associated with the variation in per capita rate of
increase in wild boars at the county level, is thus a very logical one - no finer scale data has
been collected and will not be available for any finer-scale analysis than my study. My
analyses identified several factors differing among counties which were associated with the
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variation in per capita growth rates, but this does combine an entire year and of course
cannot address variations in the importance of daytime vs. nighttime habitats nor seasonal
changes in habitat quality from the perspective of the wild boar. | found positive
correlations for lake and most types of coniferous forest habitats, and negative for
deciduous forests. Most of these results were also supported by the fragmentation data
analysis, which showed that the fragmentation/diversity of preferred habitats also is also
associated with the variation in per capita growth rates. My results on deciduous forests and
clear cuts differs from some of the published literature, so could benefit from further
investigation. Overall, my findings agree with many previous studies which conclude that
wild boar abundance seems to be related to food and shelter availability, but that wild boar
are very much more generalists than habitat specialists. This information might prove
useful in further investigations among the wild boar populations in Sweden in order to
predict the population increase and spread, and in the longer run take preventive measures
to reduce the conflicts between wild boar and humans.

Acknowledgements

I would like to thank my supervisor John Ball for the idea to this thesis and for devoting his
time to help and improve my work. | would also like to thank my co-supervisor Johan
Svensson for his contributions and for bouncing different ideas. A thank you is also
required to the agencies that have helped me gather all the data. Finally 1 would like to
thank Emil and Jerk for GIS-advice and bouncing ideas and Robert for making me work
even harder.

19



References

Abaigar, T., del Barrio, G., Vericad, J. R. 1994. Habitat preference of wild boar (Sus scrofa
L., 1758) in a Mediterranean environment. Indirect evaluation by signs. Mammalia
58(2): 201-210.

Acevedo, P., Quirds-Fernandez, F., Casal, J., Vicente, J. 2014. Spatial distribution of wild
boar abundance: Basic information for spatial epidemiology and wildlife management.
Ecological Indicators 36: 594-600.

Acevedo, P., Escudero, M. A., Mufioz, R., Gortéazar, C. 2006. Factors affecting wild boar
abundance across an environmental gradient in Spain. Acta Theriologica 51(3): 327-
336.

Andrén, H. 1994, Effects of Habitat Fragmentation on Birds and Mammals in Landscapes

with Different Proportions of Suitable Habitat: A Review. Oikos. 71:3. 355-366.

Anon. 2015a. Partial Least Squares Models. SAS Institute.
http://www.jmp.com/support/help/Partial_Least_Squares_Models.shtml. Retrieved
2015-04-30.

Anon. 2015b. Polisen. Viltolyckor. https://polisen.se/Lagar-och-regler/Trafik-och-
fordon/Trafik/Viltolyckor/. Last updated 2015-03-19. Retrieved 2015-05-01.

Anon. 2010. Nationell forvaltningsplan for Vildsvin (Sus scrofa). Naturvardsverket. ISBN
91-620. ISSN 0282-7898. 90p.

Anon. 2014. United Nations, Department of Economic and Social Affairs, Population
Division: World Population Prospects: The 2012 Revision, Key Findings and Advance
Tables. ESA/P/WP.227.

Baker, P. J., Harris, S., Robertson, C. P. J., Saunders, G., White, P. C. L. 2004. Is it possible
to monitor mammal population changes from counts of road traffic casualties? An
analysis using Bristol’s red foxes Vulpes vulpes as an example. Mammal Review 34:
115-130.

Barrios-Garcia, M.N., Ballari, S.A. 2012. Impact of wild boar (Sus scrofa) in its introduced
and native rage: a review. Biological Invasions. 14. 2283-2300.

Bieber, C. and Ruf, T. 2005. Population dynamics in wild boar Sus Scrofa: ecology,
estasticity of growth rate and implications for the management of pulsed resource
consumers. Journal of Applied Ecology 42: 1203-1213.

Bertolotto, E. 2010. Behavioural Ecology of Wild Boar (Sus scrofa) in an Apennine
Environment. PhD dissertation in Natural Science. University of Sassari.

Birch, L. C. 1948. Inte Intrinsic Rate of Natural Increase of an Insect Population. Journal of
Animal Ecology 17(1): 15-26.

Bladh, D. 2015. Hunter registry at the Swedish Environmental Protection Agency. Personal
communication. 2015-02-19.

Boitani, L., Mattei, L., Nonis, D., Corsi, F. 1994. Spatial and activity patterns of wild boars
in Tuscany, Italy. Journal of Mammalogy 75(3): 600-612.

Bowers, M. A., Matter, S. F. 1997. Landscape Ecology of Mammals: Relationships
between Density and Patch Size. American Society of Mammalogists 74(4): 999-1013.

Bratton, S. P. 1975. The Effect of the European Wild Boar, Sus scrofa, on Gray Beech
Forest in the Great Smoky Mountains. Ecology. 56:6. 1356-1366.

Bratton, S. P., Harmon, M. E., White, P. S. 1982. Patterns of European Wild Boar Rooting
in the Western Great Smoky Mountains. Castanea 47(3): 230-242.

Brereton, R. G. 2000. Introduction to multivariate calibration in analytical chemistry. Royal
Society of Chemistry 125: 2125-2154.

Brockie, R. E., Sadleir, R. M. F. S., Linklater, W. 2009. Long-term wildlife road-kill counts
in New Zealand. New Zealand Journal of Zoology 36:2: 123-134.

20



Bueno, C. G., Alados, C. L., Gomez-Garcia, D., Barrio, I. C., Garcia-Gonzalez R. 2009.
Understanding the main factors in the extent and distribution of wild boar rooting on
alpine grasslands. Journal of Zoology 279: 195-202.

Cahill, S., llimona, F., Gracia, J. 2003. Spacing and nocturnal activity of wild boar Sus
scrofa in a Mediterranean metropolitan park. Wildlife Biology 9(1): 3-13.

Caley, P. 1997. Movements, Activity Patterns and Habitat Use of Feral Pigs (Sus scrofa) in
a Tropical Habitat. Wildlife Research. 24. 77-87.

Cox, I., Gaudard, M. 2013. Discovering Partial Least Squares with JMP. SAS Institute.
PDF ISBN: 978-1-61290822-9. 310p.

Dexter, N. 1998. The influence of pasture distribution and temperature on habitat selection
by feral pigs in a semi-arid environment. Wildlife research 25:5. 547-559.

Dormann, C. F., Elith, J., Bacher, S., Buchmann, C., Carl, G., Carré, G., Garcia Marquéz, J.
R., Gruber, B., Lafourcade, B., Leitdo, P. J., Munkemdller, T., McClean, C., Osborne,
P. E., Reineking, B., Schrdder, B., Skidmore, A. K., Zurnell, D., Lautenbach, S. 2013.
Collinearity: a review of methods to deal with it and a simulation study evaluating their
performance. Ecography 36: 027-046.

Eriksson, L., Hermens, J. L. M., Johansson, E., Verhaar, H. J. M., Wold, S. 1995.
Multivariate analysis of aquatic toxicity data with PLS. Aquatic Sciences 57:3: 217-241.

Fernandez-Llario, P. 2004. Environmental correlates of nest site selection by wild boar Sus
scrofa. Acta Theriologica 49: 383-392.

Fonseca, C., da Silva, A. A., Alves, J., Vingada, J., Soares, A, M. V. M. 2011.
Reproductive performance of wild boar females in Porugal. European Journal of
Wildlife Research 57: 363-371.

Fonseca, C., Santos, P., Monzon, A., Bento, P., Alves da Silva, A., Alves, J., Silvério, A.,
Soares, A. M. V. M., Petrucci-Fonseca, F. 2004. Reproduction in the Wild Boar (Sus
scrofa Linneaus, 1758) Populations of Portugal. Galemys 16: 53-65.

Fraser, D., Phillips, P.A. 1989. Lethargy and Low Water Intake by Sows During Early
lactation: A Cause of Low Piglet Weight Gains and Survival? Applied Animal
Behaviour Science 24: 13-22.

Gehrt, S. D. 2002. Evaluation of Spotlight and Road-Kill Surveys as Indicators of Local
Raccon Abundance. Wildlife Society Bulletin 30:2: 449-456.

Geisser, H. and Reyer, H-U. 2005. The influence of food and temperature on population
density of wild boar Sus scrofa in the Thurgau (Switzerland). Journal of Zoology,
London. 267. 89-96.

Gorecki, G., Labudzki, L., Skubis, J., Wlazelko, M. 2009. Habitat selection in Wild boar
(Sus scrofa) in the Zielonka game investigatory centre — radio telemetry research. Acta
Scientarium Polonorum, Silvarum Colendarum Ratio et Industria Lignaria 8(3): 15-27.

Gustafson, E. J., and G. R. Parker. 1992. Relationships between landcover proportion and
indices of landscape spatial pattern. Landscape Ecology 7:101-110.

Herkert, J. T. 1994. The Effects of Habitat Fragmentation on Midwestern Grassland Bird
Communities. Ecological Applications. 4:3. 461-471.

Honda, T., Kawauchi, N. 2011. Methods for Constructing a Wild Boar Relative-Density
Map to Resolve Human-Wild Boar Conflicts. Mammal Society of Japan 36(2): 79-85.

de Jong, S., Phatak, A. 1997. Partial Least Squares Regression. In Recent advances in total
least squares techniques and errors-in-variables modeling. p 25-36.

Keuling, O., Stier, N., Roth, M. 2008. Annual and seasonal space use of different age
classes of female wild boar Sus scrofa L. European Journal of Wildlife Research 54:
403-412.

21



Kindberg, J. 2015. Hunting bag statistics 2002-2013. The Swedish Association for Hunting
and Wildlife Management, Wildlife Monitoring. Personal communication 2015-03-06.

Lagos, L., Picos, J., Valero, E. 2012. Temporal pattern of wild ungulate-related traffic
accidents in northwest Spain. European Journal of Wildlife Research 58: 661-668.

Lundgren, S. 2014. The future population of Sweden 2014-2060. Statistiska Centralbyran.
ISSN 1653-1510, Serie BE-befolkning.

Massei, G., Genov, P. V. 2004. The environmental impact of wild boar. Galemys 16: 135-
145.

Massei, G., Genov, P. V., Staines, B. W. 1996. Diet, food availability and reproduction of
wild boar in a Mediterranean coastal area. Acta Theriologica 41:307-320.

Massei, G., Genov, P. V., Staines, B. W. Gorman, M. L. 1997. Factors influencing home
range and activity of wild boar (Sus scrofa) in a Mediterranean coastal area. Journal of
Zoology, London 242: 411-423.

McGarigal, K. 2014. Fragstats help.
http://www.umass.edu/landeco/research/fragstats/documents/fragstats.help.4.2.pdf Last
updated 2014-01-16. Retrieved 2015-02-20.

McGarigal, K., Cushman, S.A., Ene, E. 2012. FRAGSTATS v4: Spatial Pattern Analysis
Program for Categorical and Continuous Maps. Computer software program produced
by the authors at the University of Massachusetts, Amherst.
http://www.umass.edu/landeco/research/fragstats/fragstats.html

Melis, C., Szfranska, P. A., Jedrzejewska, B., Barton, K. 2006. Biogeographical variation in
the population density of wild boar (Sus scrofa) in western Eurasia. Journal of
Biogeography 33: 803-811.

Messier, C., Parant, S., Bergeron, Y. 1998. Effects of overstory and understory vegetation
on the understory light environment in mixed boreal forests. Journal of Vegetation
Science 9(4): 511-520.

Messier, F., Huot, D., le Henaff, D., Luttich, S. 1988. Demography of the George River
Caribou Herd: Evidence of Population Regulation by Forage Exploitation and Range
Expansion. Arctic 41:4: 279-287.

Mitchell, J., Dorney, W., Mayer, R., Mcllroy, J. 2007. Ecological impacts of feral pig
diggings in north Queensland rainforests. Wildlife Research 34: 603-608.

Mooney, H. A. and Cleland, E.E. 2001. The evolutionary impact of invasive species.
Proceedings of the National Academy of Sciences. 98:10. 5446-5451.

Murcia, C. (1995). Edge Effects in Fragmented Forests - Implications for conservation.
Trends in Ecology and Evolution 10:2. 58-62.

Nationella Viltolycksradet. 2015. www.viltolycka.se. Retrieved 2015-01-25.

National Forest Survey/SLU. 2015a. Arealen fordelad pa Bestandsalder(1000-tals hektar).
Tidsperiod 2006-2010. http://www-
taxwebb.slu.se/TabellForm/jsp/jsp1/ResultatTabell.jsp?selVVariablel=2andvariablelNa
me=Best%E5nds%E5IlderandarealtabaliasVarl=BesalderandselKlass1=71andselOmrad
estyp=2andomradestypName=L%E4nandarealtabaliasOmrTyp=LanandselOmrade=36a
ndselOmrade=37andselOmrade=38andselOmrade=39andselOmrade=40andselOmrade=
41andselOmrade=42andselOmrade=43andselOmrade=44andselOmrade=45andselOmra
de=46andselOmrade=47andselOmrade=49andselOmrade=50andselOmrade=51andtidsp
eriodtypName=Fem%ES5rsmedelv%E4rdeandarealtabaliasTidp=5andtidsperiodName=2
006-2010andstorhetID=1andselEnhet=1 Retrieved 2015-02-10.

22



National Forest Survey/SLU 2015b. Arealen fordelad pa Bestandstyp (1000-tals
hektar).Valda &goslag: Prod. skogsmark, Naturbete, Myr. Tidsperiod 2006-2010.
http://www-
taxwebb.slu.se/TabellForm/jsp/jsp1/ResultatTabell.jsp?selVVariablel=13andvariable1Na
me=Best%E5ndstypandarealtabaliasVVarl=BesttypandselKlass1=76andselAgoslag=1an
dselAgoslag=2andsel Agoslag=4andselOmradestyp=2andomradestypName=L%E4nand
arealtabaliasOmrTyp=LanandselOmrade=73andtidsperiodtypName=Fem%E5rsmedelv
%E4rdeandarealtabaliasTidp=5andtidsperiodName=2006-
2010andstorhetID=1andselEnhet=1. Retrieved 2015-02-10.

Oliver, W. and Leus, K. 2008. Sus scrofa. The IUCN Red List of Threatened Species.
Version 2014.3. www.iucnredlist.org. Retrieved 2015-01-25.

Palermo, G., Piraino, P., Zucht, H-D. 2009. Performance of PLS regression coefficients in
selecting variables for each response of a multivariate PLS for omics-type data. Journal
of Advances and Applications in Bioinformatics and Chemistry. 57-70.

Pregitzer, K. S., and Euskirchen, E. S. 2004. Carbon cycling and storage in world forests:
biome patterns related to forest age. Global Change Biology 10: 2052-2077.

Sakai, A. K., Allendorg, F. W., Holt, J. S., Lodge, D. M., Molofsky, J., With, K. A.,
Baughman, S., Cabin, R. J., Cohen, J. E., Ellstrand, N. C., McCauley, D. E., O’Neil, P.,
Parker, 1. M., Thompson, J. N., Weller, S. G. 2001.The Population Biology of Invasive
Species. Annual Review of Ecology, Evolution and Systematics. 32. 305-332.

Schley, L. and Roper, T. J. 2003. Diet of wild boar Sus scrofa in Western Europe, with
particular reference to consumption of agricultural crops. Mammal Review. 33:1. 43-56.

Schley, L., Dufréne, M., Krier, A., Frantz, A. C. 2008. Patterns of crop damage by wild
boar (Sus scrofa) in Luxembourg over a 10-year period.

Schon, T., Ball, J. P. 2013. Kostnaden av att ha vildsvin: Skador pa grodor i sédra och
mellersta Sverige. Fakta skog — Ron fran Sveriges Lantbruksuniversitet 2.

Sinclair A.R.E. Fryxell J.M. Caughley G. (2006). Wildlife ecology, conservation, and
management. 2. ed. Malden: Blackwell publishing.

Skole, D. and Tucker, C. 1993. Tropical Deforestation and Habitat Fragmentation In in the
Amazon: Satellite Data from 1978 to 1988. Science, New Series. 260:5116. 1905-1910.

SLU. 2014. Standing volume for different tree species by diameter class. Excluding dead or
withdrawn trees. All land use classes. 2009-2013.
http://www.slu.se/Documents/externwebben/webbtjanster/statistik-om-
skog/Tabeller/0913/Tab19.pdf. Retrieved 2015-03-10.

Statistics Sweden. 2015a. Population Statistics. Folkmangd i riket, 1an och kommuner efter
kon och alder 31 december 2014. http://www.sch.se/sv_/Hitta-statistik/Statistik-efter-
amne/Befolkning/Befolkningens-
sammansattning/Befolkningsstatistik/25788/25795/Helarsstatistik---Kommun-lan-och-
riket/159277/. Retrieved 2015-03-05. Last updated 2015-02-19.

Statistics Sweden. 2015b. Traffic analysis. Fordon | trafik efter region, fordonsslag och ar.
http://www statistikdatabasen.sch.se/pxweb/sv/ssd/START __TK__TK1001 TK1001A
[FordonTrafik/?rxid=8158b4cf-3bf2-4998-8949-52d036¢626fe. Last updated 2015-02-
06. Retrieved 2015-01-27.

Statistics Sweden. 2015c. Land- och vattenareal per den 1 januari efter region och arealtyp.
Ar 2012 - 2015.
http://www.statistikdatabasen.scb.se/pxweb/sv/ssd/START_MI__MI0802/Areal2012/?
rxid=31484f6f-95c6-436b-b3a2-cb4c3a1d98e8. Retrieved 2015-03-28.

23



Statistics Sweden 2012. Statistical Yearbook of Sweden 2011.
http://www.scb.se/statistik/_publikationer/OV0904 2011A01_BR_00_A01BR1101.pdf.
Retrieved 2015-03-18.

Statistics Sweden. 2008. Akerarealens anvandning efter lan/riket och groda. Ar 1981 —
2007.
http://www statistikdatabasen.sch.se/pxweb/sv/ssd/START__JO__ JO0104/AkerArealGr
odaL/?rxid=59aablca-4a01-466a-b1c1-481b3d68fala. Retrieved 2015-02-20. Last
updated 2008-09-12.

Strayer, D. L., Eviner, V. T., Jeschke, J. M., Pace, M. L. 2006. Understanding the long-term
effects of species invasions. Trends in Ecology and Evolution. 21:11. 645-651.

Swedish Environmental Protection Agency. 2014. Inspire nedladdningstjanst for teman
bilaga/annex2. http://gis-services.metria.se/nvfeed/atom/annex2.xml Last updated 2014-
01-10. Retrieved 2015-01-29.

Swedish Forest Agency. 2015. Officiell statistik Biotopskydd och Naturvardsavtal 2014.
http://www.skogsstyrelsen.se/Global/myndigheten/Statistik/%c3%84mnesomr%c3%a5
den/05-
Skogens%20m%c3%a5ngfald%200ch%20skydd/Biotopskydd%200ch%20naturv%c3%
abrdsavtal%?20-
%20Habitat%20Protection%20Areas%20and%20Nature%20Conservation%202012-
2014/Officiell%20statistik%20Biotopskydd%200ch%20Naturv%c3%abrdsavtal %2020
14.xls. Retrieved 2015-03-20.

Swenson, J. E., Sandegren, F., Sderberg, A. 1998. Geographic expansion of an increasing
brown bear population: evidence for presaturation dispersal. Journal of Animal Ecology
67: 819-826.

Taylor, P. D., L. Fahrig, K. Henein, and G. Merriam. 1993. Connectivity is a vital element
of landscape structure. Oikos 73:43-48.

Thurfjell, H., Ball, J. P., Ahlén, P-A., Kornacher, P., Dettki, H., Sjoberg, K. 2009. Habitat

use and spatial patterns of wild boar Sus scrofa (L.): agricultural fields and edges. European

Journal of Wildlife Research 55. 517-523.

Thurfijell, H., Spong, G., Olsson, M., Ericsson, G. 2015. Avoidance of high traffic levels
results in lower risk of wild boar-vehicle accidents. Landscape and Urban Planning.
133. 98-104.

Tolon, V., Dray, S., Loison, A., Zeileis, A., Fischer, C., Baubet, E. 2009. Responding to
spatial and temporal variations in predation risk: space use of a game species in a
changing landscape of fear. Canadian Journal of Zoology 87: 1129-1137.

Truvé, J. 2004. Pigs in Space — Movement, dispersal and geographic expansion of wild
boar (Sus scrofa) in Sweden. Doctoral Thesis. Department of Applied Environmental
Science. Faculty of Science. Goteborg University.

Truvé, J., Lemel, J. 2003. Timing and distance of natal dispersal for wild boar Sus scrofa
in Sweden. Wildlife Biology. 9:1. 51-57.

Welander, J. 2000. Spatial and temporal dynamics of wild boar (Sus scrofa) rooting in a
mosaic landscape. Journal of Zoology London: 252. 263-271.

Virgos, E. 2002. Factors affecting wild boar (Sus scrofa) occurrence in highly fragmented
Mediterranean landscapes. Canadian Journal of Zoology 80: 430-435.

Wold, S. 1995. PLS for multivariate linear modeling in chemometric methods. In H. van de
Waaterbeemd (ed.), Molecular Design Methods and principles in Medicinal Chemistry.
Verlan-Chemie, Weinheim, Germany.

Wold, S., Sjostrom, M., Eriksson, L. 2001. PLS-regression: a basic tool for chemometrics.
Chemometrics and Intelligent Laboratory Systems 58. 109-130.

24



Wretling-Clarin, A., Karlsson, J. 2010. Jordbruksverket report 2010:26. Vildsvin. Hur stora
kostnader orsakar vildsvin inom jordbruket. ISSN 1102-3007 « ISRN SJV-R-10/26-SE
RA10:26.

Ostlund, L., Zackrisson, O., Axelsson, A-L. 1997. The history and transformation of a
Scandinavian boreal forest landscape since the 19" century. Canadian Journal of Forest
Research. 27. 1198-1206.

25



Appendix 1.

Included variables that average >1% of county area and excluded variables (average <1% of county area)

(Tree) Age 0-20
years

Alder swamps (Alkérr)

Not specificerad agricultural land (ospecifierad
akermark)

(Tree) Age 121>
years

Bog islets (Myrholmar)

Old grazing characterized forest (Aldre
betespraglad skog)

(Tree) Age 21-60
years

Broad-leaved dec. forests (adellovskog)

Old natural forests (Aldre naturskogsartade
skogar)

(Tree) Age 61-120
years

Brown beans (bruna bénor)

Old sand forests (Aldre sandskogar)

Alder (Al)

Burned ground (anlagda och naturliga brandfalt)

Old tree land (Mark med mycket gamla trad)

Aspen (Asp)

Calcerous forests (Kalkmarksskogar)

Other broadleaved (Ovr. I6vtrad)

Beech (Bok)

Creeks, ponds and surrounding land (Mindre vattendrag och
smavatten med omgivande mark)

Other species (andra vaxtslag)

Birch (Bjork)

Cultural landscapes, pastures etc (Kulturmark, hage,
skogsbete)

Other unused argicultural land (annan obrukad
akermark)

Bird directive

Dutch EIm (Alm)

Peas and vetch (kok- och foderarter, vicker och
akerbonor)

Clear cuts
(slutenhet=0)

Edge zone, corridores, creeks, ravines (Kantzon, korridor,
béck, ravin)

Peas for canning (konservarter)

Fall wheat (hostvete)

Energy forest (energiskog)

Potato (matpotatis)

Fallow (trada)

European Ash (Ask)

Potato (starch) (potatis for starkelse)

Habitat directive

Fall barley (héstkorn)

Ravine forests (Ravinskogar)

Mixed coniferous
(Barrbland)

Fall rape (hostraps)

Rich- and calcareous fens (Rik- och kalkkarr)

Mixed
coniferous/decidous
(Barrlévbland)

Fall turnip rap (hostrybs)

Rye (rag)

Natura2000

Gardening plants (tradgardsvaxter)

Screes (Ras- eller bergbranter)

Nature reserve

Goat Willow (Sélg)

Seed flax (oljelin)




Norway spruce

(Gran) Grassland for seed yield (vall for froskord) Shore- or flood forests (Strand- eller svdmskogar)
Oak (Ek) Green forage plants (gronfodervaxter) Spring rape (varraps)

Hazel groves and hazel rich forests (Hassellundar och
Oat (havre) hasselrika skogar) Spring turnip rape (varrybs)

Other broad leaved
forests (6vrigt 16v)

Herb-rich alder groves (Ortrika allundar)

Spring wheat (varvete)

Pine (Tall)

Herb-rich swamp forests (Ortrika sumpskogar)

Successional forests (Lovbrannor)

Scots pine (Tall)

Hornbeam (Avenbok)

Sugar beets (sockerbetor)

Spring barley

(varkorn) Island, bog islet (O, myrholme) Total Biotope protection (Summa biotopskydd)
Spruce (gran) Larch (Lark) Total Nature conservation deals (naturvardsavtal)
Total nat. Leaf burned-like succession ground (Lovbrannelik

park/reserve successionsmark) Triticale (ragvete)

Used hayfield and

grassland Lime (Lime) Wells and surrounding wetlands

Valued broad leaved
forest (4dellov)

Lodgepole pine (Contorta)

Wild Cherry (Fagelbér)

Mixed seed (cereal) (blandsad (strasad))

Moutain ash (R6nn)

National parks

Natural coniferous forests (naturskogsartad barrskog)

Natural decid. forests (naturskogsartad 16vskog)

Norway maple (L6nn)

Appendix 1. Included (bold, >1% of county area on average) and excluded (<1% of county area on average) habitat variables used in my PLS.




Appendix 2.

Different habitat classes of the Swedish Groundcover Data

Agricultural land

Air field (grass)

Industry

Clear cut Airport Lakes/ponds, owergrowing surface
Coniferous forest >15m not on lichen Areas with scarce vegetation Landfill

ground

;:g)r:;:}zrous forest 7-15m not on lichen Beaches, dunes, sand plaines Locality <200 inh.

Coniferous forest on bog

Burned forest

Locality >200 inh. with larger green areas

Coniferous forest on exposed rock

Camping site

Locality >200 inh. with smaller green areas

Coniferous forest on lichen ground

Coastal lagoon

Mineral extraction sites

Deciduous forest not on bog or exposed
rock

Coniferous forest not on lichen
ground

Mixed forest on bog

Lakes/ponds, open surface

Construction sites

Mixed forest on exposed rock

Mixed forest not on bog or exposed rock

Deciduous forest on bog

Natural grasslands

Other bog

Deciduous forest on exposed rock

Not urban park

Pasture

Dense city structure

Overgrowing coastal ocean

Young forest

Estuary

Peatery

Appendix 2. The different habitat types included (bold, >1% of county area on average) and excluded (<1% of county area on average) in my
analysis, from the Swedish Ground Cover data.

Exposed rock

Road and railway area

Freshwater wetland

Salt affected marshes

Fruit and berry farming Schrubbery
Gold course Single houses
Grass heath Ski piste

Gravel and sand pits

Sports facility

Harbor

Urban green areas

Heath (excl. grass heath)

Watercourse

Herb meadow

Wet bog
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