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Wild boar population growth and expansion I implications for
biodiversity, food safety and animal health in Norway
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Summary

Introduction:  In Norway, wild boar is defined as an alien species and is considered by the
Norwegian Biodiversity Information Centre (Artsdatabanken) to constitute a high ecological
risk. Wild boar is, however, regarded as native in Sweden, and the population there has
been rapidly expanding since the 1970s, resulting in influx of animals (about 1000 individuals
today) to Norway along the border, particularly in @stfold county.

The establishment of wild boar in Norway has prompted the need for a scientific assessment
of the potential for further spread and the environmental - and health risks associated with
the species in Norway. The Norwegian Environment Agency and the Norwegian Food Safety
Authority appointed a joint request for such an assessment to the Norwegian Scientific
Committee for Food and Environment (VKM).

Method: VKM established a working group consisting of experts from Norway and Sweden,
representing different fields of expertise including human -, and animal health, epidemiology
and ecology to assess the potential impact from further spread and establishment of wild
boar in Norway.

The working group has assessed relevant literature and used available data on wild boar
occurrences and climate from abroad to model the potential distribution and population
densities in Norway, both under current climate conditions and under future climatic
scenarios.

The assessment of food safety and animal health considered the impact on food safety and
animal health based on the assumption that wild boar is established in Norway, in significant
numbers. The evaluation involved all relevant hazards with respect to animal-, and human
health.

Results: Norway is currently in a similar situation to Sweden in the early 1980s, with a small
population of wild boars mostly confined to one area. Unless drastic measures are
implemented to control the population growth and expansion, the population will most likely
double every three years, and continue to spread throughout lowland areas along the coast
all the way up to Trgndelag.

Our estimates show that, based on climatic factors alone, the total population size could be
220.000 animals under current climatic conditions, which is similar to the present population
size in Sweden. However, taking topography and habitat into account, a more realistic
maximal carrying capacity is around 40.000 animals, spread out over 70.000km?.

Under the prediction that temperatures will increase in the next 50 years, we find that there
is a potential for increased wild boar population density, due to h igher wither-survival rates,
and that new areas will become inhabitable.
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The ecological impact of wild boar relates to rooting and predation. Predation and herbivory
might be detrimental to endangered species, while rooting might alter the structure and
dynamics in various plant communities. Positive effects have been shown for early
succession ephemeral plants, including alien species, while negative effects are more
pronounced for perennials in more stable communities. The available literature does show
both positive, negative and no effects of wild boar rooting, depending on the system under
study. Wild boar will also have negative effects on agriculture through both rooting of
pastures and meadows and seed predation on newly sown crops and vegetables.

Discussion : Based on the experiences from Sweden and other relevant countries, it is
obvious that the presence, spreading and establishment of wild boar is tightly linked to
human interference. The species natural dispersal is about 2,5 km per year, but tra nslocation
of animals for hunting purposes have been widespread in other countries, leading to much
longer dispersal distances and establishment of new sub-populations. Also, supplemental
feeding have been shown to have a profound effect on the population growth and potential
wild boar density. To what degree these measures are practiced in Norway will be decisive
for how the distribution and local population densities will develop.

Based on a number of different criteria (e.g., presence in neighbouring co untries and
zoonotic potential) and evaluation of exposure pathways, we have identified seven novel
agents likely to be introduced to Norwegian pig populations from wild boar. These can cause
serious diseases like Classical and African Swine Fever and Faot and Mouth Disease. It is
also expected that the prevalence of Salmonellassp, Trichinellassp. and Taxoplasma gondii
will increase, which can result in higher transmittance to humans.

Conclusion : Unlessdrastic measures (i.e., culling) and ban on feeding are enforced within
the next few years, the wild boar population will most probably grow significantly and spread
to new areas in Norway, especially along the coast. Expected future climate conditions will
be more suitable for wild boar, but the main fa ctor influencing the population development
will be human activity in terms of translocation and supplemental feeding.

Wild boar might have severe impacts on both agriculture and wild ecosystems. However,
only a limited number of long -term studies exist, making it difficult to predict what will
happen in Norway. There is also a lock of studies assessing the effects of contrasting wild
boar densities, an aspect that is highly relevant for assessing the potential impact.

Biosecurity remains the most effective way to prevent disease transmission between wild
boars and domestic pigs. The probability of direct transmission of African Swine Fever from
wild boar to farmed pigs is very dependent on the biosecurity conditions of farmed pigs, as
well as on density of wild boar. The probability of direct transmission from wild boar to
farmed pigs is high if farmed pigs are kept in outdoor facilities, given that the disease enters
the population through Sweden.
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Sammendrag pa norsk

Introduksjon: | Norge er villsvin definert som en fremmed art av Artsdatabanken, og
ansett for & utgjare hay gkologisk risiko. | Sverige er villsvin imidlertid ansett for & vaere en
del av den lokale faunaen, og populasjonen har veert i hurtig vekst siden 1970-tallet. Dette
har fart til at villsvin har spredt seg til Norge langs grensen (om lag 1000 individer per i dag),
spesielt i Fstfold.

Etableringen av villsvin i Norge har utlgst behov for vitenskapelig vurdering av potensialet for
videre spredning og av hvilken risiko villsvin kan innebaere for helse og miljg.
Miljgdirektoratet og Mattilsynet har gatt sammen om a be Vitenskapskomiteen for mat og
miljg (VKM) om en slik vurdering.

Metode: VKM nedsatte en arbeidsgruppe med norske og svenske eksperter fra ulike
fagomrader og med ekspertise innen human- og dyrehelse, epidemiologi og gkologi, for &
vurdere mulig pavirkning som ytterligere spredning og etablering av villsvin kan ha pa helse
og miljg i Norge.

Arbeidsgruppen har vurdert relevant utenlandsk litteratur og tilgjengelige data om
villsvinforekomst og klima for & modellere potensiell utbredelse og populasjonstetthet i
Norge, bade ved dagens klima og ved fremtidige klimascenarier.

Pavirkning pa mattrygghet og dyrehelse er vurdert ut fra en antagelse om at villsv in vil
etablere seg i Norge i betydelig omfang. Evalueringen inkluderte alle agens som er relevant
for humanhelse og dyrehelse.

Resultat: Norge er i dag i tilsvarende situasjon som Sverige var pa begynnelsen av 1986
tallet, med en liten populasjon av villsvin begrenset til ett omrade. Dersom det ikke settes i
verk drastiske tiltak for & kontrollere vekst og utvikling, vil populasjonen sannsynligvis dobles
hvert tredje ar, og spres i lavlandet langs kysten opp til Trandelag.

Modellering av mulig utbredelse, basert pa klimatiske faktorer, viser at villsvinpopulasjonen
vil kunne bli pa ca. 220 000 dyr ved dagens klima. Det tilsvarer omtrent dagens populasjon i
Sverige. Ved a ta topografi og habitat med i betraktningen, er det imidlertid mer realistisk
med et anslag pa omlag 40 000 dyr, spredt over 70.000kmz2,

Dersom klimaet som forventet blir varmere og fuktigere i lgpet av de neste 50 arene, vil det
veere potensial for gkt tetthet av villsvin fordi flere dyr vil kunne overleve gjennom vinteren,
og villsvin vil kunne etablere seg i flere omrader.

Villsvinets pavirkning pa gkologi og biologisk mangfold er knyttet bade til predasjon og til at
de roter i jorda for 8 komme til plantergtter. Bade predasjon og beiting kan ha skadelig
effekt pa sjeldne arter, mens villsvinets roting etter ratter kan endre strukturen og
dynamikken i ulike plantesamfunn. Det er vist at villsvin har positive effekter pa tidlige
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ettarige planter, inkludert fremmede arter, mens negative effekter er mer uttalt for flerarige
planter i mer stabile plantesamfunn. Tilgjengelig litteratur viser eksempler p& bade positive
0g negative effekter av at villsvin roter i jorda, mens andre studier ikke finner noen effekter.
Dette avhenger av hvilke habitater og samfunn som studeres.

Villsvin vil ogsa ha negative effekter pa jordbruk, bade fordi de roter opp jorda pa beitemark
og enger, og fordi de spiser frg fra nysddd mark og grannsaker.

Diskusjon: Basert pa erfaringer fra Sverige og andre relevante land, er det dpenbart at
tilstedeveerelse, spredning og etablering av villsvin er neert knyttet til menneskelig
innblanding. Arten spres seg naturlig ca. 2,5 km per ar, men transport av dyr for jaktformal
har blitt omfattende i andre land. Det har resultert i at vi llsvin er spredt over sveert mye
lengre distanser og etablert nye sub-populasjoner. | tillegg har det vist seg at tilleggsforing
har stor effekt pa utviklingen av og tetthet av villsvinpopulasjonen. | hvilken grad transport
og foring av villsvin vil bli praktisert i Norge, vil veere avgjgrende fo r hvordan populasjonene
spres og utvikler seg.

VKM har identifisert flere smittestoff som kan overfgres til norske grisebesetninger. Dette
inkluderer noen alvorlige virussjukdommer som afrikansk svinepest, klassisk svnepest og
munn- og klauvsjuke. | tillegg kan nivaet av salmonellabakterier i norsk fauna og parasittene
Toxoplasma gondiiog trikiner gke. Det kan gi gkt smittefare for mennesker.

Konklusjon: Dersom det ikke settes i verk drastiske tiltak i lapet av de neste fa arene
(avskytning, féringsforbud osv.), vil villsvinpopulasjonen hgyst sannsynlig vokse signifikant
og spre seg til nye omrader i Norge, spesielt langs kysten. Forventete fremtidige klimaforhold
vil bli mer egnet for villsvin, men menneskelig aktivitet, som transpor tering og ti lleggsforing,
er den faktoren som farst og fremst vil ha betydning for utvikling av populasjonen.

Villsvin vil kunne ha alvorlig innvirkning pa bade jordbruk og ville gkosystemer. Omfanget av
langtids studier er imidlertid begrenset, noe som gjar det vans kelig & ansla hva som spesifikt
vil skje i Norge. Det mangler ogsa studier som vurderer effekten av ulike tettheter av villsvin,
et aspekt som er sveert relevant for & vurdere potensiell effekt med starre sikkerhet.

Biosikkerhet pa garder er den mest effektive maten a forebygge overfaring av sykdom fra
villsvin til tamsvin. Sannsynligheten for direkte smitte av afrikansk svinepest fra villsvin til
tamsvin, avhenger i stor grad av biosikkerheten pa gardene, sa vel som tetthet av villsvin.
Det er stor sannsynlighet for direkte smitte fra villsvin til gris som holdes utendgrs, gitt at
sykdommer som afrikansk svinepest kommer til Norge fra Sverige.

Ngkkelord : VKM, risikovurdering, Vitenskapskomiteen for mat og miljg, Mattilsynet,
Miljgdirektoratet, villsvin, po pulasjon, vekst, utvikling.
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Background as provided by the
Norwegian Food Safety Authority and
the Norwegian Environment Agency

Climate change impacts living conditions for livestock and wildlife. Ecological conditions for
infectious agents and parasites are also changing. New knowledge about those changes is
being accrued in many countries. Norway's geographical location means we are at the outer
limit of conditions for many agents, and our situation needs to be assessed separately even
when EFSA provides new knowledge. Diseases that can spread with "new" host species that
cover a larger geographical area are an increasing threat.

The first known breeding of wild boar in Norway - in recent times - took place in 2005 in
@stfold. In Norway, the wil d boar is an alien species and is considered by the Norwegian
Biodiversity Information Centre (Artsdatabanken) to constitute a very high ecological risk. At
the same time, Sweden wants to establish this species for hunting purposes. We need a
scientific basis for managing the environmental and health consequences of possible
establishment of a wild boar population in Norway.

The Norwegian Environment Agency and the Norwegian Food Safety Authority are therefore
requesting an assessment of expected population development and future spreading of wild
boar in Norway, as well assessment of the extent to which it will be possible to influence this
development. Further, based on the assessment of how wild boar populations will develop, it
is important to also highlight and assess novel hazards that can influence animal health
following an increased wild boar population in Norway.
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Terms of reference as provided by the
Norwegian Food Safety Authority and
the Norwegian Environment Agency

The Norwegian Environment Agency and the Norwegian Food Safety Authority request the
Norwegian Scientific Committee for Food and Environment (VKM) to assess and answer the
following questions:

Growth and expansion of the wild boar population in Norway - Implications for
biodiversity.

1. What is the predicted population trend for wild boar in Norway, based on experiences
from Sweden and other relevant countries? In this context, the extent of historical
and present supplemental feeding of wild boar in Sweden must be taken into
consideration.

2. Can climate change impact wild boar population growth/trends, in a 20 -year
perspective, and toward year 2100 (cf.
www.miljodirektoratet.no/no/p ublikasjoner/2015/September-2015/Klima-i-Norge-
2100)?

3. Is it possible to quantify such population changes and to estimate the geographical
distribution (in the same time frame)?

4. Can a rate of expansion of the wild boar population be estimated for Norway, and is
it possible to identify factors that may increase or decrease this rate, based on

experiences from other countries?

5. What negative consequences for biodiversity can be expected in the areas where wild
boar is expected to increase in number and distribution?

6. Which measures may be taken to control the wild boar population
growth/development and to limit negative consequences for biodiversity?
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Growth and expansion of the wild boar population in Norway - Implications for
food safety and animal he  alth in Norway

1. Introduction of infectious agents

a. Which novel hazards can be introduced to Norway, and what is the likelihood of
outbreaks of diseases and parasites in humans or animals following establishment
of wild boar in Norway?

b. Have climatic-, or other factors changed, and thus increased the prevalence of
relevant vectors and parasites in Norway?

2. Assessment of probability for transfer of infection between wild boar and
domestic pigs

a. What is the probability of disease transmission between wild boar and farmed
pigs, given an increased population of wild boar in Norway, considering the
normal risk reducing measures used in current traditional farming? Also, how
effective would mandatory use of infection control sluices be at reducing
transmission of disease from wild boar to pigs?

b. What, if any, effective risk reducing measures can be taken to limit disease
transmission from wild boar to farmed pigs kept outdoors (e. g., organic/ecological
farming).

3. African Swine Fever in Europe

a. What is the probability of disease transmission from a potentially infected
population of wild boar to farmed pigs, either directly or through feeding?

b. Which risk reducing measures are available to limit the probability of spread
regarding African Swine Fever in Norway?

In order to best utilise resources, the project should be coordinated with ongoing work at the
Norwegian Species Information Centre (Artsdatabanken) on updating the environmental risk
assessment of wild boar from 2012.
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1 Introduction

1.1 Biology and ecology of wild boar

1.1.1 Distribution and taxonomy

The Eurasian wild boar (Sus scrofal., 1758) is the most widespread species of wild pig, with
a distribution range covering Western Europe to the Far East and insular Southeast Asia.ln
addition, introduced populations are found on all continents except Antarctica. Earlier, many
regional forms were described as full species, but a more comprehensive taxonomic
evaluation has combined many of these forms as subspecies of S. scrofa(Livet, 2011). This
taxonomy is, however, under revision. While most eastern subspecies are considered
separate species, the western S. scrofaconstitutes a single species with several subspecies
(Albarella et al., 2007). The Central European boar (S. scrofa scrofa)is currently distributed
across almost all of mainland Europe, except some northern areas in Scandinavia and
European Russia and the southernmost parts of Greece (Deinet et al., 2013) . However, the
recent demographic history of the wild boar in Europe has been greatly affected by humans
and restocking of depleted populations has possibly caused introduction and mixing of
several subspecies(Livet, 2011). The domestic pig (S. scorfa domesticus) is descended from
S. scrofaand it is believed that most of the genetic divergence separating it from its ancestor
developed during the last two centuries with intensive farming (Scandura et al., 2011). It is
known that hybridization between wild boar and domestic pigs is commonly practiced on
farms all around Europe, in order to increase reproduction and growth rates (Nikolov et al.,
2017; Scandura et al., 2011). The impact of this hybridization on the genetic structure of the
wild population remains undocumented (Goedbloed et al., 2013).

1.1.2 Climate tolerance

Wild boar is a very adaptable species, thriving under a wide range of climatic conditions,
from the tropics and semi-deserts to the boreal forest and steppe (Mitchell-Jones, 1999)
(Powell, 2004)). Snow depth and mean temperature during autumn and winter have been
shown to be important determinants for the ir Northward expansion. However, wild boar can
withstand long periods of starvation and cold, as they are found around Lake Baikal and the
Amur region of Russia where snow depths are around 80 cm and mean monthly
temperatures for January are around 7 20°C (Markov et al., 2005). Wild boars in these areas
have shown great resilience, surviving winter temperatures below -50°C. However, frozen
soil and deep snow limit food availability and, without supplemental feeding, harsh winters
constitute the major density -independent cause of mortality for wild boar in temperate,
boreal, and alpine parts of its range (Melis et al., 2006). See also figure 3.1-1 and 3.2-1 for
predicted suitable regions in Norway under current and predicted future climate s.
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1.1.3 Diet

Wild boars are opportunistic omnivores, feeding mainly on various plant materials, including
crops. Invertebrates, birds, mammals, and carrion can also constitute a substantial part of
their diet, depending on availability. The diet of wild boar changes throughout the seasons
and among habitats, and reflects the relative availability of different food types (Schley and
Roper, 2003). Based on 21 studies of wild boar diets throughout Western Europe, Schley and
Roper (2003) found that agricultural crops always represented an important component of
the wild boar diet. In addition to feeding on aboveground biomass, wild boars root through
soils searching for foods such as roots, acorns, worms, fungi, and even mice, causing
significant damage to a variety of crops (Schley and Roper, 2003). In several countries in
Europe, wild boar can be found in and around cities, where the y feed on garbage, garden
waste, and other organic material (Cabhill et al., 2012; Podgérski et al., 2013).

1.1.4 Suitable habitats in Norway

A survey from Southeast Norway (Aremark) conducted in 2010 showed that old spruce forest
was the preferred foraging ground for wild boar there (Haaverstad, 2011). Other studies
have shown that a mixed landscape, consisting of agricultural fields and forest, is preferred,
especially fields edging forests. Thus, mosaic landscapes, with many small fields providing
both food and shelter, seem to be ideal for wild boar (Rosvold and Andersen, 2008; Thurfjell
et al., 2009). Such habitats are found throughout the coastal areas of Norway, from Vestfold
to Rogaland, but are less common along the border towards Sweden. Western Norway, from
Rogaland to Sognog Fjordane, could have an appropriate climate in the coastal regions,
while the climate in mid -Norway corresponds to areas in Sweden with high population
densities, such as Uppland and Sédermanland. This shows that most of the Norwegian
coastal areas up to Nordland County could potentially support populations of wild boars
based on available habitat types (See 3.1.1 and 3.1.2)

1.1.5 Social structure, fecundity and home range

Wild boar live in family groups (sounders), where adult females cohabit with their offspring,
up to yearlings, and in some cases also sub-dominant females. Mature males are solitary and
return to sounders only for mating (Livet, 2011).

The reproductive rate of wild boar is high compared with that of other ungulates. This is due
to their low age and size at sexual maturity (less than one year and 33 -41% of full grown
body mass) (Servanty et al., 2009), the high proportion of females breeding (20 -90% for
less than one-year olds, 70-100% for yearlings and adults) (Servanty et al., 2009), and large
litter sizes (up to 12 offspring, average 4-7) (Frauendorf et al., 2016; Malmsten et al., 2017) .
Litter size has been shown to be positively correlated with female body size (Frauendorf et
al., 2016) and latitude (Bywater et al., 2010) . So within central Europe (from Italy to
Northern Germay) there is a trend towards more offspring further north. The proportion of
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females reproducing is strongly affected by both spring and summer weather, with dry and
cold springs and warm summers having a positive effect (Servanty et al., 2009).

Wild boars are largely stationary, with relatively small home ranges. The size of their home
range depends mostly on food availability, although hunting and other anthropogenic
disturbances can also play a role (Fattebert et al., 2017; Keuling et al., 2009) . In general,
solitary animals use larger home ranges than family groups, and yearlings move the centre
of their home range between years more than adults (> 2 years) do. Yearlings also move
their home ranges more between spring and summer (more than 2 km), compared with
family groups (Keuling et al., 2008).

1.1.6 Natural dispersal

The natural spread of the Scandinavian wild boar population appears to be quite slow.
Swedish studies suggest that the population, in general, spreads about 3 km/year, with
individual females spreading up to almost 5 km/year (Truvé et al., 2004) . However, another
study from Sweden reported a mean dispersal of 10-16 km (up to 100 km) for younger
animals of both sexes (Truvé and Lemel, 2003), and there are reports of males migrating as
far as 250 km in Poland (Andrzejewski and Jezierski, 1978) In Sweden, the population is
expected to expand mostly in the western parts of the country, as far north as Varmland.
Northward expansion is also expected on the eastern coast of Sweden. Dispersal to Norway
through mountainous areas is considered less likely, as there is no historic evidence of wild
boar in the Scandes (Rosvold et al., 2010).

1.1.7 Human influence on wild boar

Supplemental feeding during winters plays a major role in wild boar abundance, particularly
in Northern countries where food is relatively scarce (Oja et al., 2014) . Being a capital
breeder, well-fed wild boars have more litters per year and more piglets per litter than less
well-fed wild boar (Malmsten et al., 2017). In Estonia, the high densities of wild boar are
sustained by extensive supplementd feeding (Oja et al., 2014). Release and translocation of
animals, combined with supplemental feeding, have probably led to the accelerated
population growth in Sweden (Lemel, 1999; Lemel and Truvé, 2008). Today, there are areas
in Sweden where feed is practically unlimited, exceeding 100 kg per hectare per year
(Jonsson, 2017). It has also been documented that wild boars have escaped from enclosures
and have also been illegally released into new areas (Truvé and Lemel, 2003).

Denmark has culled feral wild boars since 1997, and, in June 2018, it was announced that a
68 km fence will be built on the German border to prevent wild boar from bringing African
swine fever (ASF)into the country (BBC, 2018)

Finland has also attempted to keep its wild boar population controlled to a minimum, culling
immigrating animals in order to avoid the introduction of ASFfrom Russia In February 2018,
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a nationwide 'wild boar weekend' with collective hunting was organised for population
control (Valtioneuvosto, 2018).

1.2 Historical and current distribution

1.2.1 Wild boar in Europe

Wild boar originated in Southeast Asia about 3 million years ago and, based on
archaeological or molecular data, the first occurrence in Europe is estimated to have been
between 1.5 and 0.4 million years ago (Scandura et al., 2011). The large-scale population
genetic structure of wild boar in Europe has been shaped by post-glacial colonization
patterns (Scandura et al., 2011). During the 19th century the species became extinct in parts
of Western Europe due to heavy hunting and deforestation (Melis et al., 2006).
Subsequently, conditions for wild boar improved, with hunting restrictions, reforestation, and
a warmer climate, and, at the same time, reintroductions of wild boar were undertaken all
over Europe (Kusza et al., 2014). The population started to increase after World War Il, and
rapid growth and range expansion have been seen since the 1960s when wild boar farming
gained popularity (SdezZRoyuela and Telleriia, 1986) (Goedbloed et al., 2013). The
population densities currently follow a latitudinal gra dient that declines northwards in
Northern Baltics and Scandinavia(Melis et al., 2006).

1.2.2 Wild boar in Sweden

Wild boar became extinct in Sweden in the 17th century, but were later reintroduced to the
royal hunting grounds on Oland in the 18th century. Due to complaints by farmers of
damage to crops, the population was eradicated a few years later. In the early 20 ™ century
wild boar were present in Scania (Skane), probably introduced for hunting, but farmers
quickly hunted the population to extinction. In the late 1970s, the wild boar that founded the
current population seem to have escaped from hunting enclosures in Sédermanland and
Scania. This time, despite complaints by the farmers, they were not hunted to extinction
(Jagerforbundet, 2017; Naturvardsvarket, 2010).
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By the late 1970s, hunting had decreaseddue to a combination of stricter hunting
regulations and fewer farmers. The Swedish government had apparently accepted wild boar
on a couple of estates, and after the wild boar population had begun to increase and spread,
it became difficult to control. In 1988, the Swedish Parliament decided to accept wild boar as
being part of the Swedish fauna as they had already established and, historically, were part
of the native fauna (Lemel and Truvé, 2008). Since then, the population has increased
almost exponentially, as indicated by the harvest data collected by the Swedish Hunters'
Association (www.viltdata.se), although the rate of population rise now appears to be
slowing down. The highest natural densities of wild boar today (up to 2 animals per km 2) are
found mainly in the areas where the population first established, in Scania and
Sodermanland. A relatively dense population with a long history is also found in Eastern
Uppland (Thurfjell, 2011) . However, even higher densities (up to 4.5 animals per km?) have
been observed in areas where supplemental feeding take place (Thurfjell, 2011). The total
population size is estimated to be 2-3 times the number of animals shot annually (Thurfjell,
2011), so between 220-330.000 animals in 2016 (Figure 1.2.2-1)
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Figure 1.2.2-1 Recorded harvests of wild boar in Sweden for the last 26 years, as provided by the
Swedish hunting association (Svenska Jagareférbundet, Handlingsplan vildsvin, 20173.

1.2.3 Wild boar in Norway

Archaeological excavations have shown that wild boar were found in Norway until around
1000 AD (Rosvold et al., 2010), after which it was eradicated from the Norwegian fauna,
probably as a result of higher hunting pressure and better hunting techniques . Although it
has been suggested that wild boar may have disappeared during the Bronze Age as an effect
of habitat changes, this has not been verified (Rosvold et al., 2010).
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Wild boar were reintroduced to Norway as a game park species in 1886 and individuals have
regularly escaped captivity ever since then, but without establishing permanent wild
populations (Bevanger, 2005). Free-living wild boars were first observed in 1994, in Halden
municipality (Hardeng, 2004). Around the same time, the Swedish population was reported
to have reached areas close to the Norwegian border (Lemel and Truvé, 2008). Today it is
reasonable to believe that wild boar that originally immigrated from Sweden regularly
reproduce in the Halden and Aremark municipalities. Moreover, sows with piglets have
occasionally been observedin other parts of Jstfold, Akershus and the southern parts of
Hedmark county (Haaverstad, 2011; NINA, 2017; Pedersen et al., 2018; Rundtom, 2017;
SSB, 2018). The 2018 assessment of ecological impacts of alien speciesfor Norway suggests
that the current wild boar population is between 400 and 1200 individuals (Pedersen et al.,
2018).

1.2.4 Farming of wild boar in Norway

The entry into force of the Regulations relating to farming of wild game in Norway in 1999
provided the opportunity for wild boar faming. However, several of the init ial farms shut
down after only a few years due to the high expenses associated with fencing, the relatively
low price obtained for wild boar meat, and difficulties acquiring new sows for breeding. Wild
boar farming is recorded under the same industry code as standard pig farming, so there is
no central register of wild boar farms in Norway today. However, according to the Norwegian
Veterinary institute and the Norwegian Food Safety Authority, about ten farms are currently
in operation for producing wild boar meat. These farms are evenly distributed along the
coastal areas of Norway, but not further north than Alesund. In total, wild boar farming in
Norway assumed to constitute a few hundred individuals, including all age classes.

1.2.5 Wild boar as game

Wild boar is a very popular game species, and in many European countries (e.g., Croatia, the
Czech Republic, Slovakia, Poland, Germany, and the Baltic countries) organized hunting is a
profitable business with longstanding traditions. In recent years, Sweden has also become an
attractive destination for wild boar hunting, especially for Norwegians. In Norway, wild boar
hunting now is available in @stfold, where animals from the Swedish population are
establishing. The hunting is mostly conducted using bait, but dogs can also be used to drive
the boars out into the open (Naturvardsvarket, 2010). The bait can be food (usually corn),
but also olfactory attractants are regularly used. For instance, several brands of beech tar
(the smell resembles that of resin that pigs use to rid themselves of ectoparasites) are sold
in Norway. According to web sites for hunters, automatic feeders are usually used for
providing feed at hunting sites. The exact magnitude of wild boar hunting in Norway is
unknown, but according to Statistics Norway (www.SSB.no), during the hunting seasons
from 2014-2016, there were 70, 115 and 140 animals shot in the respective years (Figures
1.2.5-1,1.2.5-2 and 1.2.5-3) (SSB, 2018)
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Hunted Wild boar per Norwegian municipality (Kommune) 2015
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Figure 1.2.5-2 Recorded harvest of wild boar in Norway, 2015
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Hunted Wild boar per Norwegian municipality (Kommune) 2016
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Figure 1.2.5-3 Recorded harvest of wild boar in Norway, 2016

These data are derived from only the Halden and Aremark municipalities, but over the last
decade a number of local newspapers have also reported shootings of wild boars in other
parts of @stfold, as well as Akershus, Buskerud and Hedmark counties. Thus, it seems likely
that the numbers reported to SSB are substantially lower than the actual number of animals
shot (Rundtom, 2017).

1.3 Impacts of wild boar

1.3.1 Impact on biodiversity

Wild boar can have profound effects on biodiversity, community structure , and ecosystem
services, particulady in areas where it has been introduced (Barrios-Garcia and Ballari, 2012;
Massei and Genov, 2004; Pedersen et al., 2018) A recent review revealed that impacts of
wild boar on biodiversity can be negative, but also positive and neutral (Genov et al., 2018).
This is in accordance with the conclusion in the NBIC review (Pedersen et al., 2018). In
particular, they emphasize that most of the documented negative effects stem from its
introduced range. They also highlight the general lack of long -term studies and that most
studies investigate short-term effects in fragile habitats. A further key finding was that none
of the studies reviewed had included relevant numbers on wild boar densities. They conclude
that managers should engage in long-term monitoring program mes, gathering data on both
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population densities and the behaviour of individuals, as well as effects on biodiversity over
longer time periods.

The native distribution of wild boar covers a wide range of environmental conditions (Baskin
and Danell, 2003), and its highly plastic and opportunistic diet can vary greatly both in space
and time (Baubet et al., 2004; Baubet et al., 2003) . Thus, wild boar is a highly flexible
species that can utilize whatever resources are available; t heir effects on ecosystems are
therefore highly dependent on local conditions. A key feature of wild boar foraging is their
rooting behaviour. In searching for belowground food items, such as plant parts, fungi , and
invertebrates, wild boar overturn extensive areas of soil (Baubet et al., 2003; Cushman et
al., 2004). This behaviour affects soil structure and processes, and, due to the marked
ecosystem-level effects, wild boar are considered ecosystem engineers(Crooks, 2002).
However, few studies have explored rooting effects on soil properties, and the available
literature report highly variable results. S ome studies have shown increased soil mixing
(Singer et al., 1984) and greater nitrogen availability (Siemann et al., 2009; Singer et al.,
1984), whereas other studies have found no effects of rooting on soil texture, pH, moisture,
organic matter, or nitrogen mineralization (Bruinderink and Hazebroek, 1996; Cushman et
al., 2004; Mitchell et al., 2008; Moody and Jones, 2000; Tierney and Cushman, 2006).
However, there are few studies addressing these issues and those available are from a
limited number of plant communities . Additionally, they all have a limited temporal extent. It
is therefore hard to draw some general conclusions on the effects of wild boar rooting
behaviour on soil properties (Barrios-Garcia and Ballari, 2012). Studies addressing the effects
of rooting on soil microbial communities have either found no effects (Wirthner et al., 2011)
or a positive effect on soil respiration and microbial and fine root biomass that disappeared
within two years after the disturbance event (Risch et al., 2010). These results suggest that
soil microbial communities are resilient to disturbance from rooting, although the limited
number of studies indicates a need for more research.

Although wild boar are highly omnivorous, normally about 90% of their diet is comprised of
plant matter, and they appear to prefer particular plant species and specific parts of plants
(see Barrios-Garcia and Ballari(2012) and references therein). In its introduced range,
studies have shown that rooting can affect up to 80% of the surface area of the forest floor
(Singeretal.,1984). Depending on the plant communityos
might have negative effects on plant community composition, reducing plant abundance and
diversity (Massei and Genov, 2004) In particular, plant communities subject to grazing over
time might change towards dominance of species with traits related to resistance to

herbivory i.e., spinescence, clonality, endozoochory, underground storage organs, and low
height values (Burrascano et al., 2015). Studies have documented that the quality of natural
or semi-natural meadows (that are harvested for forage) may be reduced by wild boar

rooting (Haaverstad et al., 2014; Sundberg, 2017). Seminatural meadows are relatively
speciesrich habitats, often containing rare or threatened species, and are therefore of high
conservation value (Wehn et al., 2018) . Physical disturbances from wild boar rooting might
therefore be detrimental for already rare and threatened plant species in these meadows. In
contrast, surveys in Sweden have shown an increase in species richness of vascular plants in
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rooted areas (Welander, 1995), suggesting again that wild boar can both increase and
reduce biodiversity and that the effects are site specific (see also (Diick, 2013)) Other
studies have shown that wild boar might act as dispersal agents of exotic plants (Dovrat et
al., 2012) and that rooting might facilitate the ir establishment (see Barrios-Garcia and Ballari
(2012) and references therein). Wild boar might also affect plant reproductio n through their
consumption of fruits and seeds, and studies have shown that rooting can negatively affect
tree growth (Bruinderink and Hazebroek, 1996). Other aspects of wild boar behaviour
potentially affecting plant biodiversity include rubbing against tree trunks (to remove
parasites), ultimately causing the death of the affected trees (Campbell and Long, 2009;
Graves, 1984) and accumulation of seeds from plants from non-forest ecosystems (Heinken
et al., 2006) . Plants might also be killed by uprooting of saplings by females to build nests
(Ickes et al., 2005) . Whether these behaviours are common, or have the potential to have a
negative impact in Norwegian ecosystems has not, to date, been studied.

Wild boar may feed on fungi, but the extent to which this might negatively affect fungal

populations has never been studied. In addition, wild boar rooting has been found to

stimulate the fructification process and spread the spores of hypogenous fungi ( Ga wr y no wi ¢ z
et al., 2006), potentially affecting fungal community structure and genetic mixing (Génard et

al., 1988).

Wild boar can potentially also affect aquatic systems, in a similar manner to how they might
affect terrestrial communities, by altering the composition of the aquatic plant and animal
communities, changing water quality and chemistry, and dispersing plants, animals, and
pathogens to isolated systems. Their effect on aquatic communities has, however, received
little attention (Barrios-Garcia and Ballari, 2012). The wild boar diet may include aquatic
resources such as seaweed, mussels and crayfish, but we are not aware of any study that
investigates effects on biodiversity in aquatic ecosystems (Barrios-Garcia and Ballari 2012
and references therein).

Animal matter might constitute up to 30% of the wild boar diet, depending on the ecosystem
and season, but they seem to have no particular prey preference (Barrios-Garcia and Ballari
2012 and references therein). Numerous studies have documented the wide variety of prey,
but studies on how wild boar might affect populations of other animal species are scarce.
Predation by wild boar has been shown to reduce the abundance of soil meso- and macro-
fauna (including insect larvae, beetles, snails, centipedes, and earthworms) by between 40
and 90% (Barrios-Garcia and Ballari, 2012). It has also been shown that wild boar may prey
on vertebrates, such as amphibians, reptiles, birds, and mammals, including game species
such as ground nesting birds and young roe deer (Carpio et al., 2016; Haaverstad et al.,
2014; Oja et al., 2017) . Singer et al. (1981) observed a dramatic decline in the presence of
ground-dwelling mammals, the southern red-backed voles (Clethrionomys gapper) and
northern short-tailed shrews (Blarina brevicauda, in an area rooted by wild boar (Singer et
al., 1981). An undergraduate thesis from Bjgrund (2013) investigated associations between
the increased Swedish wild boar population and the numbers of red fox ( Vuilpes vulpes,
badger (Meles meleg, and western capercaillie (7etrao urogallus) shot in the period from
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1997 to 2010. A significant positive correlation between wild boar and red fox was observed,
and a negative correlation between wild boar and capercalillie, but there was no correlation
with badger numbers (Ytrehus and Vikgren, 2012). The increase in red foxes in areas with
wild boar was considered to result from food availability (feeding posts, offal , and

carcasses) whereas the decline in capercaillie was suggested to represent a secondary effect
of generalist predator increase.

In Norway, the grey wolf ( Canis lupus) is the only large predator that has an impact on wild
boar mortality (Massei et al., 2015), and an increase in the wild boar population will increase
the potential forage resource base for the wolf. The grey wolf population in Norway is
currently small (<100) (Rovdata, 2018), and will most likely have only a limited effect on
wild boar expansion.

When the wild boar was given a score of HI (high risk) by NBIC in 2018 (Pedersen et al.,
2018) the main reason was the long expected population lifetime and relatively high
expansion rate, and to a lesser extent the risk for transmission of 7richinellato species such
as red fox ( Vuilpes vulpeg, and lynx ( Lynx lynx), which was highlighted in the 2012 report
(Gederaas et al., 2012) For information on T7richinella and human and domestic animal
health see 7.1.5.10.

1.3.2 Impact on ecosystem services

The presence of wild boars can affect ecosystem services in particular through their effects
on biodiversity. Rooting might destroy bumblebee nests, affecting pollination, but this has,
as far as we know, never been studied. The recreational use of forests can also be seen as
an ecosystem servicethat can be negatively impacted by wild boar. These impacts include
aesthetic aspects, as well as a reduction in berries and mushrooms for harvesting. Some
people are afraid of wild boar, and their presence may limit the use of forests by these
people for recreational purposes. However, others might consider the presence of wild boar
as an additional value to the wilderness they seek to explore (Rosvold and Andersen, 2008).

Hunting wild boar as a game species is another ecosystem service that is appreciated by
many, and also provides a novel food source. Increasing populations of wild boar will,
however, add a further element to the conflict between farmers, hunters, and wildlife
(Naturvardsvarket, 2010), as already occurring in areas of Norway where large carnivores
are protected. Some of these areas overlap with areas currently experiencing a rising wild
boar population (Jstfold, Akershus, and Hedmark counties).

1.3.3 Impact on agriculture

Probably the main problem with wild boar for farmers, is that they root in cultivated land .
The rooting can be in the form of predation on newly planted seeds or in hey meadows
causing contamination of hey with soil microbes. The latter issue may also cause damage to
silage bales if the rooting occur in their vicinity . In some areas, the damage caused may

VKM Report 2018: 14 28



result in the farmers abandoning certain fields (Gren, 2017). In Sweden, the cost to
agriculture from wild boar damage in 2015 was estimated to be 1.560 billion SEK(Gren,
2017).

The impact on agriculture with regards to infectious agents are discussed in detail in
chapters 71 9 of this report.

1.3.4 Additional costs associat ed with wild boar

Traffic accidents caused by wild boar are not yet a big problem in Norway , with only 20
animals reported to have been hit by cars - and two by train s - since 2008
(https://www.hjorteviltregisteret.no/Fallvilt/ ). However, in Sweden, the cost of damage from
traffic accidents involving wild boars in 2011 was estimated to be approximately 60 million
SEK(Haggmark Svensson et al., 2014). The number of wild boar hit by motor vehicles in
Sweden was 6081 in 2017 alone (https://jagareforbundet.se/vilt/vildsvinsbarometern/ ). The
number of dogs reported to have been killed by wild boar in Sweden ranges from 96-160 in
the years 2012-2017 (https://www.agria.se/pressrum/statistik -om-djur-djurvard-och-
djurhalsa/vad-sager-statistiken-om-skador-vid-jakt/ ).

1.4 Basis for management

Species introduced to Norway after 1800 are not considered native; thus, wild boar is
regarded as an alien species(Gederaas et al., 2012). So far, no management plan for wild
boar in Norway has been established at a national level (Lund, 2017). However, such a plan
was prepared for @stfold county (Fylkesmannen, 2015)in 2016 and sent to public hearing by
different stakeholders. To our knowledge, the management plan is not yet implemented.

As described by the Norwegian Biodiversity Information Centre (NBIC,
http://www.biodiversity.no ), risk assessment of an alien species involves evaluating its
ability to establish populations (i.,e.,sur vi ve and reproduce) in
spread, and its potential to have a negative effect on Norwegian s pecies and habitats. Based
on such assessments, alien species are classified into one of the following risk categories: no
known impact, low impact, potentially high impact, high impact , or very high impact in terms
of negative effect on Norwegian ecosystems.

The NBIC evaluation corresponds to the approach used by the VKM Panel of Animal Health
and Welfare (VKM, 2013). The wild boar is likely to be listed as having a potential for s erious
consequences (effect on environment or animal health or welfare) and a high probability
(>50%) of negative effects occurring . The probability of negative consequences occurring
would be expected to be high (P = 0.5 -1.0).

natur e

Wild boar was scored as having Aunknown iompact o

alien species listed by NBICin 2007 (Gederaas et al., 2007). However, in 2012 wild boar was

scored as fAvery ehicgeh ai niipba catcok (Geaedsas let al. 2018)ple c i e s
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2018, wi I d boar is | i st ed,hbutrthetisk mosedtd INoreegians peci es
biodiversity has been reducedf r o m A v etroy fhtiFebhixen et al., 2018).

NBIC has o role in implementing the management of alien species, and the alien species list
does not instruct the National authorities on whether the species is wanted in Norway or not.
The alien species list is, however, a knowledgebase that is used by the authorities to make
decisions related to management of a species.

In a special regulation on the ban on introducing specific species of plants and animals
(LOVDATA, 2015) wild boar is not listed. Thus, import of wild boar is not banned and it is
possible to apply for a permit to raise wild boars in captivity (LOVDATA, 1999)

Hunting wild boars is regulated by law (LOVDATA, 2017) According to the hunting
regulations, wild boar can be hunted all year round, but with the exception thatitis
forbidden to hunt sows with striped piglets (3-6 months old). In this instance, the sows are
protected but the piglets can be hunted.
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2 Methodology and Data

2.1 Literature

2.1.1 Scientific literature on wild boar ecology and biology, and impact on
biodiversity

Literature searches were undertaken in Web of Science and Scopus using Advaced Search
Builder. Search terms wused in Title/ Abstract fie
AScandinaviao and ABalticod. Search strings were
No limitations on language were used, but the publication period was set to 1998-2017. The

search returned 60 hits. The titles and abstracts of all search results were scanned for

relevance to the terms of reference. Articles were excluded if they did not relate to the terms

of reference. The reference lists in the selected articles formed the basis for identifying

additional articles or reports within the topics listed in the terms of reference.

Regarding the effects of wild boar on biodiversity we used a recent review (Genov et al.
2018) as an overview of known studies on ecological impact studies.

2.1.2 Scientific literature on food safety and animal health

The literature search for assessment of food safety and animal health was conducted in
PubMed and Web of Science usingthe search strings presented in Appendix II.

2.1.3 Reports and theses

Important sources of information for this project have been reports from the Norwegian
Biodiversity Information Centre, The Swedish University of Agricultural Sciences, and reports
from the Norwegian University of Science and Technology (NTNU University Miseum
Zoological Report). Also, the doctoral thesis of Henrik Thurfjell (2011), the Master theses of
Haaverstad (2011) and Magnusson (2010), the Bachelor thesis of Bjgrnerud (2013) and the
doctoral thesis of Oja (2017) have provided important insights into the relevant problems.
The reference lists in in those reports and theses were scrutinized to identify additional
articles or reports.

2.2 Statistical data

2.2.1 Climate data

All 19 bioclimatic variables based on current global climate (Hijmans et al., 2005) with a
spatial resolution of ~1 km 2 were downloaded from the wor Idclim database (WorldClim,
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2018) through R, using the package dismo (Hijmans et al., 2017) . In addition, projected
future climate s according to Max Planck Institute Earth System Model (MPFESM) and
greenhouse gas concentration pathways RCP85 for the years 2050 (average for 20412060),
with a spatial resolution of ~1 km 2 were downloaded.

2.2.2 Wildlife distribution data

Al avail abl e o&/sserof® earecdewnidaged fomahe GBIF database
(GBIF, 2018) through R using the package dismo (Hijmans et al., 2017) .

Data on wild boar hunting in Norway were downloaded from Statistics Norway (SSB, 2018),
using StatBank Open data API (Application Programming Interface) in R using the packages
httr (Wickham, 2014) and rjstat (Schumacher, 2016).

2.3 Statistical methods

The maximum-entropy approach (MaxEnt) (Phillips et al., 2017) was chosen to model the
potential distribution of S. scrofabecause it has been shown to outperform other species-
distribution modelling methods, and can handle presence-only data. MaxEnt (Version 3.4.1)
was run in R through the dismo package (Hijmans et al., 2017).
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3 Assessment of the wild boar
population growth and expansion 1
Implications for biodiversity In
Norway

3.1 Expected development of the wild boar population in
Norway

It is reasonable to assume that feeding and human-mediated translocation of wild boar will
have a greater impact on the development of the Norwegian wild boar population than
climatic conditions, habitat, and natural dispersal. We have therefore explored scenarios with
and without feeding. We have n ot considered human-mediated translocation (escape from
farms and intentional movement of animals) due to the lack of data and predictability
pertaining to these factors.

3.1.1 Model of suitable habitats in Norway based on climate, without
supplemental feeding.

Using available data on the climate factors from areas inhabited by wild boar worldwide, the
MaxEnt model was used to model areas with suitable habitats in Norway, based on climatic
factors. The model performed well, with an average test area under curve (AUC) for the 10
replicate runs of 0.754, and a standard deviation of 0.144. The environmental variables that

were found to have the highest influence on

sui t

coldest montho, Aprecipitauiadbnpreccoi tdasi ogoar Fe

illustrates the outcome of this model for the current climate conditions, based on the data
available from the last 30 years.
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Figure 3.1.1-1 Maxent model for the predicted potential distribution of wild boar in Norwa y
today, based on current climatic conditions. Colours indicate the probability of presence
between O (low probability=green) and 1 (high probability=red).

The model shows that suitable climate is found in coastal areas in large parts of southern
and central Norway, all the way to Trgndelag, and this suggests that wild boar could
potentially establish populations here. This is in accordance with previous reports from
Rosvold & Andersen (2008) and Pedersen (2017) However, the model also indicates that,
based on climatic factors alone, the coastal areas north of Trondheim, except some regions
in Finnmark, could also be habitable by wild boar.

Presently wild boar inhabit only a limited area of eastern Norway and migrating animals
would need to cross densely populated urban areas in order to access suitable new habitats.
The Oslo Fjord would be expected to slow down the spread of wild boar along the coast
initially; but the fjord is less than 1000 meters wide at its narrowest point, a distance that
wild boar can easily swim (Elsa, 2009). Should the fjord be crossed by several individuals, we
expect wild boar to establish rapidly in this new habitat. In Germany, a similar pattern of
development was observed after the Kiel Canalwas crossed around year 2000. It is,
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however, assumed that the spread of the German wild boar population was also influenced
by illegal releases (Keuling, 2017). In Norway, illegal releases and/or escapes from wild boar
farms west of Oslo could also lead to a more rapid population expansion, than a natural
spread north of the Oslofjord and then to the southwest.

3.1.2 Impact of feeding on population growth and expansion

Food availability is considered the most important factor for population growth in wild boar,
and when provided with food these animals can survive in almost any environment, as long
as water and shelter is also available. In Norway, high adult mortality in harsh winters would
be expected to regulate population growth, but with supplemental feeding, winter mortali ty
will decrease.

Feeding may be categorized as intentional or unintentional. Feeding is commonly done to
attract animals to hunting sites, both to establish groups that can be hunted and to improve
hunting success o these elusive, nocturnal mammals. Additionally, feeding is used to try to
entice wild boar away from crops (dissuasive feeding). Different studies have come to
various conclusions regarding the success of this practice,which requires a continuous
supply of high-energy food (see Massei et al. 2011 for summary). Dissuasive feeding can
also be used to attempt to discourage wild boar from going on to roads and close to human
settlements. In general, it is recommended that all feeding (and hunting) takes place distant
from infrastructure. Unintentional feeding occurs when wild boar consume agricultural waste
(e.g., ruptured bales of silage) or as a secondary effect of supplemental feeding of other
ungulates. Importantly, regardless of purpose, feeding may have complex unintended effects
on non-target species and can enhance the risk of disease transmissionto both famed and
wild animals (Milner et al., 2014) (see 1.3.1 for more background information) .

In Sweden, where feeding is widespread, there has been an approximate doubling of the
wild boar population every three years (Massei et al., 2015). The variation in population
density is high, as reflected by the harvest sizes in different areas, ranging from 5 wild boars
harvested annually per km? in Scania to 1.5 in Uppland (www.viltdata.se). Although the
variability is extensive, extrapolation from these numbers can be used to estimate what
might be expected in Norway. Without supplemental feeding, we could expect a slower
population growth and a smaller population (Melis et al., 2006; Oja, 2017) . Estimated
population sizes, with and without supplemental feeding, is discussed further in 3.3 .

The rapid growth and expansion of the Swedish wild boar population is partly explained by
supplemental feeding, and, in 2016, the Swedish Government suggested aban on feeding
game species. The development of the Norwegian wild boar population is closely linked to
the development in Sweden, but will also rely heavily on the national policies regarding food
supply. Given supplemental feeding, wild boar will be able to immigrate from Sweden at
higher latitudes than today, and in these locations dispersal to favourable habitats on the
west coast will not be hindered by the Oslo Fjord.

VKM Report 2018: 14 35



In sum, the consequences of supplemental feeding is and increased population growth rate
and hence the total population size, in addition to increased rate of spread and
establishment in new areas much faster than would be the case without supplemental
feeding.

3.2 Anticipated effects of future climate change

In an examination of large -scale and long-term effects of climate change on local population
dynamics of wild boar in Europe, Vetter et al. (2015) concluded that climate change drives
population growth o f wild boar directly, by relaxing the negative effect of cold winters on
survival and reproduction (Vetter et al., 2015) . It also drives population growth indirectly by
increasing food availability. However, there are region-specific threshold temperatures for
the onset of exponential growth, meaning that different regions throughout southern Nor way
might show different growth rates for wild boar populations exposed to the same increase in
winter temperature.

Expected climate changes (increase in temperature, precipitation, and growing season days)
from the period 1960-1990 and towards year 2068 under the CO, emission scenarios RCP4.5
(emission peak 2040-2050, then decline) and RCP8.5 (business as usual) indicate a general
temperature increase in Norway at 2.2 °C (RCP4.5) to 3.3 °C (RPC8.5) and an extension of
the growing season up to 60 days. (Source: www.klimaservicesenter.no). These anticipated
changes are dramatic, and will expand the habitat suitable for wild boars.

To explore the potential distribution of wild boar under climate change, MaxEnt was run with

IPCCS5 climate projections from globa climate models for RCP8.5. The model performed well,

with an average test AUC for the 10 replicate runs of 0.720, and a standard deviation of

0.110. The three most important environmental variables that were found to have the

highest influence on suitabil i ty were: fAmini mum temperature of ¢
Aprecipitation in coldest quartero, and Atemper a
predicted changes in climatic factors will have a positive impact on the wild boar population

as larger areas show higher probability of being suitable for wild boar. The results are shown

in Figure 3.2-1.

As there is no modelled IPCC data for the timeframe beyond 50 years, we have not modelled
the distribution and expansion beyond 50 years and towards year 2100. However, it is
reasonable to believe that the trend for the next 50 years will continue, although will

perhaps not be as pronounced, should emissions decline after 2050.
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Figure 3.2-1 MaxEnt model for the predicted maximal potential distribution of wild b oar in
Norway for the year 2050, based on IPCC5 climate projections. Colours indicate the
probability of presence between O (low probability=green) and 1 (high probability=red).

3.3 Quantification of population changes and geographical
distribution

Climate modelling predicts that t he most suitable wild boar habitats in eastern Norway (see
3.1 and 3.2) correlate with mixed forest containing mast -producing trees (Rosvold et al.,
2010). Similar forests sustain high densities of wild boar over large parts of southern
Sweden. In addition, different feed ing and hunting practices by different landowners are
important factors affecting the likelihood of wild boar reaching high population densities
(Frank et al., 2015; Keuling et al., 2016; Saito et al., 2012) . High population densities are
likely to increase the rate of spread of the wild boar population (Vetter et al., 2015)
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Based on the population model outlined by Melis et al (2006), where population density is
correlated with t he average temperature of the coldest month, under current climate
conditions the maximum number of wild boar in Norway could have been ~200.000. Figure
3.3-1 shows the theoretical maximum geographic distribution and the predicted maximum
densities of wild boar in Norway, ranging from 0 - 1.8 animals per km?. The total area
identified as suitable for sustaining >0.5 individuals is about 70,000 km 2, which is in
accordance with Pedersenet al. (2017).

Population estimate
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Figure 3.3-1 Estimated potential maximum number of wild boar per square kilometre in
Norway, based on minimum temperature of January under current climate conditions.
Colours indicate density of wild boar between 0 (low density=white) and 1.8 ( high
density=green).

Based on the expected temperature development in the next 50 years, with milder winter
temperatures (expected 5°C warmer minimum temperature, and 4°C median increase), the
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population could reach up to ~440.000 animals. More habitats will be suitable for wi Id boar,
and the survival rates are expected to be higher. Figure 3.3-2 shows the predicted
geographic distribution of wild boar densities in Norway, ranging from 0 i 2.2 animals per
km2. According to the climate data predictions, the total area identified as suitable for
sustaining >0.5 individuals will increase to 157,000 km 2 within this timeframe.

Figure 3.3-2 Estimated potential maximum number of wild boar per square kilometre in
Norway, based on a predicted minimum temperature of January for the year 2 050. Colours
indicate density of wild boar between 0 (low density=white) and 2.2 (high density=green).

3.3.1 Realized niche vs fundamental niche

We have estimated the fundamental niche of wild boar in Norway to cover about 70,000 km?
under current climate conditions, and have predicted that this area will increase to 157,000
km? within the next 50 years (See 3.2 and 3.3). However, this is the fundamental niche, and
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