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Abstract

Wild boar (i.e., Sus scrofa) are susceptible to a range of
diseases that can be transmitted to domestic pigs. As-
sessing the potential risk of transmission-related events
involves identifying where wild boar occur in Switzer-
land and where they still can colonize. It also involves
identifying zones where piggeries are dense. In the work
presented here, the distribution of wild boar in Switzer-
land was projected from grid data as probabilities of
presence using an approach based on statistical mode-
ling, separately for closed and open season for hunting.
The predicted probabilities of wild boar presence were
related to the density of piggeries in the six agricultural
zones. The resulting maps show how the potential risk
of transmission-related events, as a proxy for disease
transmission, is distributed in Switzerland. Wild boar
presence data consisted of hunting data and casual ob-
servations recorded from September 2011 to February
2018 at the coordinate level. They were obtained from
all 16 Swiss cantons maintaining a license hunting sys-
tem plus Solothurn (for 2017) and Zurich, as well as from
info fauna. The probability of wild boar occurrence was
high (> 0.7) in Jura, the valleys of the Southern Alps,
the Rhone Valley down the river from Martigny, and
the Rhine Valley down the river from Bindner
Herrschaft; it was fair (0.5-0.7) in the Swiss Plateau.
These regions broadly overlap agricultural zones with a
high density of piggeries. Patches of perennially suitable,
but currently not colonized habitat were found in the
cantons of Berne, Obwalden, Uri, Schwyz, Glarus, and
Grisons. The probability of wild boar occurrence across
the entire study area, including the Alps, increased by
12% during closed season for hunting. The results were
discussed with reference to similar studies.

Keywords: Colonization, habitat suitability, risk assessment,
spatial projection, species distribution, Sus scrofa
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Wildschweine (Sus scrofa) in der
Schweiz: Beobachtungen und modell-
basierte Projektionen wahrend der
Jagd- und Schonzeit

Eine Reihe von Krankheiten, fiir welche das Wild-
schwein (Sus scrofa) empfinglich ist, konnen auf das
Hausschwein tibertragen werden. Zur Abschitzung des
potenziellen Risikos von iibertragungsrelevanten Ereig-
nissen muss herausgefunden werden, wo das Wild-
schwein in der Schweiz vorkommt und welche Gebiete
es noch besiedeln kann. Ebenso miissen Zonen mit einer
hohen Dichte von Schweinehaltungen bestimmt wer-
den. In der vorliegenden Arbeit wurde das beobachtete
Wildschweinvorkommen wihrend der Jagdsaison und
in der Schonzeit als Auftretenswahrscheinlichkeiten in
ein landesweites Datenraster projiziert. Das so vorher-
gesagte Auftreten wurde zur Anzahl an Schweinebetrie-
ben pro Quadratkilometer in Beziehung gesetzt. Die
resultierenden Karten zeigen, wie das potenzielle Risiko
von libertragungsrelevanten Ereignissen, stellvertretend
fiir eine Krankheitstibertragung, in der Schweiz verteilt
ist. Die Datenbasis bestand aus Jagddaten und beildufi-
gen Beobachtungen, soweit diese zwischen September
2011 und Februar 2018 koordinatengenau aufgezeichnet
wurden. Sie wurden von allen 16 Patentjagdkantonen,
plus Solothurn (2017) und Ziirich, sowie von info fauna
fir die Studie bereitgestellt. Im Jura, in den Alpensiid-
tilern, im Rhonetal unterhalb von Martigny und im
Rheintal unterhalb der Biindner Herrschaft war die
Wahrscheinlichkeit des Wildschweinvorkommens hoch
(>0.7); im Mittelland war die Wahrscheinlichkeit mit-
tel bis hoch (0.5-0.7). Diese Regionen decken sich weit-
gehend mit Zonen mit einer hohen Schweinebetriebs-
dichte. Ganzjihrig fiir das Wildschwein geeigneter, aber
noch unbesiedelter Lebensraum wurde in den Kantonen
Bern, Obwalden, Uri, Schwyz, Glarus und Graubiinden
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gefunden. Schweizweit erhohte sich die Auftretenswahr-
scheinlichkeit in der Schonzeit um 12%. Die Resultate
wurden unter Bezugnahme auf dihnliche Studien im
In- und Ausland diskutiert.

Besiedlung, Lebensraumeignung, Risikobewertung,
rdumliche Projektion, Artenverteilung, Sus scrofa

Introduction

Wild boar are susceptible to a range of diseases that can
affect also domestic pigs. Examples are Enzootic Pneu-
monia (EP) and African swine fever (ASF).6.12 ASF is
currently spreading in European wild boar populations,
though Switzerland is still free from the disease. ASF
can be transmitted to domestic pigs via contact with
infected animals, or contaminated carcass remains and
equipment.!2 It has a high mortality rate and is a major
threat for the pig industry, particularly in Switzerland
where the proportion of outdoor piggeries is high. Iden-
tifying the spots where a direct or indirect contact be-
tween wild boar and domestic pigs can take place is
critical to develop risk-based surveillance systems for
improving early disease detection and control. This in-
volves, identifying where wild boar occur in Switzerland
and where they still can colonize. It also involves iden-
tifying zones where piggeries are dense.

The abundance and density of wild boar in Switzerland
has already been investigated in related work. The prob-
ability of wild boar occurrence per hunting area and
sq km was predicted using a set of landscape composition
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Figure 1: Areas in the cantons of Neuchatel, Vaud, Fribourg, Berne, Basel-Country, and
Aargau where the wild boar (Sus scrofa) presence data used for external validation of
the summer and winter model have been collected.
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variables and the annual hunting statistics per hunting
area as a surrogate of population data.3! Wild boar abun-
dance and density were also estimated based on cap-
ture-resights in the canton of Geneva.28 The spatial
overlap between areas roamed by free-ranging wild boar
and outdoor piggeries was mapped at the level of mu-
nicipalities.’® Information on wild boar, in that study,
originated from qualitative reports to the Centre Suisse
de Cartographie de la Faune (CSCF) and from a ques-
tionnaire survey among pig farmers.60 Lately, wild boar
occurring in Switzerland were mapped by density class
as an aggregate of wild boar hunted or found dead in
municipalities or hunting grounds.34:35 The distribution
and abundance of wild boar has been mapped also in
Europe and Eurasia, including Switzerland, in terms of
rasters of 10 km, 5 km and, as of recently, 2 km based
on very heterogeneous data from various sources.346.1.16

The work presented here extends beyond the above cit-

ed by cumulatively satisfying the requirements listed

below. The distribution of wild boar (i.e., Sus scrofa) in

Switzerland was projected

- From grid data as probabilities of presence using an
approach based on statistical modeling (an approach
based on statistical modeling was also taken in other
studies);31.3.46.1,16

- with a fine-grained spatial resolution of 1 sq km (a ras-
ter map of 1 sq km was also produced in other work,
albeit unpublished);3!

- separately for summer (closed season for hunting) and
winter (open season for hunting). Summer (March-
August) and winter (September-February) were dis-
tinguished in accordance with the hunting season
rather than with vernal and autumnal equinoxes. In
the hunting season, there are more carcasses available
(i.e., wild boar shot but not retrieved). Since the spe-
cies is to some extent scavenging on carcasses and, in
the case of ASF, the virus survives well in them, the
risk of being infected is then increased.2

The approach adopted here to project the occurrence of
wild boar in Switzerland reflects the state-of-the-art of
species distribution modeling (SDM) in conservation
biology and ecology.?> Thereby, the term ‘projection’
refers to a model-based spatial prediction in a data grid.
Statistical models were fitted and evaluated in an initial
dataset of wild boar presences and (pseudo-) absences.
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They were then used to predict the probabilities of pres-
ence in the entire study area, namely, all of Switzerland.
The predicted probabilities of wild boar presence for the
two seasons were related to the density of piggeries in
the six agricultural zones. The resulting maps show how
the potential risk of transmission-related events, as a
proxy for disease transmission, is distributed in Switzer-

land.

Material and methods

Study area

The study considers all of Switzerland. Switzerland is
located in Western and Central Europe and covers a
total surface area of 41,285 sq km ranging from 193 to
4,634 meters above sea level. It has three main geograph-
ic regions: the Alps, covering around 60% of the coun-
try’s total surface area, the Swiss Plateau (30%) and the
Jura (10%). Of Switzerland’s surface area, 7.5% is used
for settlements and urban areas, trade, industry and
transport, energy supply and waste disposal or recrea-
tional areas and parks, while agricultural land occupies
35.9%, and forests as well as woodlands 31.3%.54

The Alps act as a prominent climatic barrier between
Northern and Southern Switzerland. The climate of
Northern Switzerland is heavily influenced by the At-
lantic Ocean. Winters in the Northern Plateau are mild
and damp, whereas higher altitudes experience arctic
temperatures. At altitudes above 1,200-1,500 meters,
precipitation in winter mainly falls as snow. Southern
Switzerland is strongly affected by the Mediterranean
Sea, and so winters are mild and summers warm and
humid, and sometimes hot. All along the Alpine ridge
there are frequent thunderstorms in the summer.>

Species data

Wild boar presence data consisted of 12,693 hunting data
and 11,430 casual observations recorded from September
2011 to February 2018 at the coordinate level. They were
obtained from all 16 Swiss cantons maintaining a license
hunting system, covering roughly two thirds of the over-
all area, plus Solothurn (for 2017) and Zurich, as well as
info fauna (copyright by the data providers). A short
description of license hunting and a map showing all
cantons implementing this system can be looked up on
the web site of Eidgendssische Jagdstatistik. In order to ac-
count for the inaccuracy of locating observations, all data
were aggregated to a 1 sq km grid. Doing so resulted in
1,702 data cells with reported wild boar presence in sum-
mer and 2,882 data cells with reported wild boar presence
in winter. Info fauna records observational data on a ba
basis of which, according to them, only +/- 20% were
correctly located by the observers. They recommended
to use the sq km data which are sufficiently precise.
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Figure 2: Piggeries per sq km in Switzerland, averaged across 2011-2018. Data source:
Landwirtschaftliche Zonengrenzen der Schweiz, Bundesbehdrden der Schweizerischen
Eidgenossenschaft.

For each season, pseudo-absences were collected by sam-
pling a number of data cells, equal to that of presence
data, at random from the 1 sg km grid of Switzerland.
Samples that are unbalanced with respect to presences/
pseudo-absences have been demonstrated to reduce the
accuracy of the models.25 When sampling at random,
(1) the sites of recorded presences and (2) waters and
glaciers were not considered. The former were omitted
in order not to introduce noise into the data by sampling
pseudo-absences from presence data. The latter were
omitted in order to constrain the study area to a realis-
tic realm by factoring out areas that are from the outset
unsuitable.25 Areas above 2,000 meters above sea level
(which corresponds roughly to the tree line), where wild
boar occur only sporadically, were sampled twice as
densely.31:34 The intention was to outweigh the initial
bias in the presence data towards environmental condi-
tions in easily accessible areas below 2,000 meters.*
Figure 3 and 4 (top) show the locations of the presence
data cells for summer and winter.

For external validation the presence records from a pub-
lished and an unpublished study were used (cf. Figure 1).
In the former, data came from GPS-collared wild boar,
recorded from 2014 to 2017 in the cantons of Vaud,
Fribourg, Berne, Basel-Country, and Aargau.5? In the
latter study, occurrence data were recorded based on
capture-resights from 2011 to 2014 in the canton of Neu-
chitel. Together presence data were recorded in 160 grid
cells in each season.

Predictor variables
Twenty-six predictor variables were manually pre-select-
ed using the current ecological understanding of the
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system as reported in related work on wild boar: 14 re-
lated to bioclimate, 6 to topography, 3 to vegetation,
2 to land fragmentation, and 1 to socio-econom-

Free-ranging wild boar
(Sus scrofa) in
Switzerland: casual
observations and
model-based projections
during open and closed
season for hunting

ics.36:8,2,7.41,3,46,1,16 [n agreement with what is considered
a typical wild boar habitat, namely, forested areas and
mosaics of forests and agricultural areas,’8 also three
categorical variables were among the pre-selected pre-
dictors: land use, forest mix rate Swiss National Forest
Inventory (NFI), and the forest mask NFI. The sources
of the predictor variables are listed in the Appendix. For

M.E. Vargas Amado et al.

each seasonal variable, namely each bioclimatic variable
and two vegetation variables, two raster maps were pro-
duced, one for summer (March-August), another for
winter (September-February), using average values

[ Bioregions

I Presences Summer 2011-2017
Threshold
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Figure 3: Top Projected Sus scrofa occurrence with probabilities of 0.5-0.7 and > 0.7, and
actual observations (summer). Bottom Potential risk of transmission-related events in
summer calculated as wild boar probability x piggery/sq km.
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across 2011/12-2017/18. For all other variables, a single
raster map was produced. All raster maps had the same
spatial resolution, namely, 1 sq km, which fitted with the
uncertainty of the position coordinates for the point
observations (cf. section Species data). They had the same
lower-left coordinate and the same spatial extent, name-
ly, all of Switzerland.

The final variables were identified in a repeated
(20 times) 5-fold cross-validation procedure as explained
below.10 For each repetition the variables were selected
in a stepwise backward elimination process carried out
by growing at each step 1,000 trees with at least 20 ter-
minal nodes using the random forest algorithm.® The
predictive accuracy of the selected variables was estimat-
ed by joining the predictions of the 5 cross-validation
subsets and computing the area under the Receiver Op-
erating Characteristic (ROC) curve.*8:5 The set of var-
iables maximizing the AUC was returned, and strongly
correlated variables (|r| > 0.7) with a low mean decrease
in the Gini coefficient were removed.22.23 The R pack-
ages used for variable selection are listed in the Appen-
dix. Random forests are built from multiple regression
trees, which classify data by clustering rather than by
linear separation. Accordingly, they do not assume that
the values of the predictor variables and those of the
response variable have a linear relationship.2! Being
non-parametric models, they further do not assume in-
dependence and, hence, are not affected by spatial-au-
tocorrelation, unless sampling is biased from the source
to target scale.!” The latter was demonstrated in a simu-
lation experiment with gridded data.’0 The predictor
variables selected by this procedure for summer and
winter are shown in Table 1.

Modeling

An ensemble approach was adopted to model the po-
tential distribution of wild boar in Switzerland.?5 For
each season, the ensemble consisted of two regres-
sion-based approaches, one classification approach, and
two approaches based on machine learning: generalized
additive model (GAM) with default settings; multivariate
adaptive regression splines (MARS) without interaction
terms; flexible discriminant analysis (FDA) using MARS
as the fitting method; random forest (RF), parameterized
to grow 1,000 trees; and support vector machine (SVM)
with default settings.2”.1%.26.14.9 These five approaches
outperformed in a pre-test (not shown) the generalized
linear model (GLM) with a binomial distribution and a
logit link function, artificial neural networks (ANN)
using a cross-validation procedure to select the optimal
size of the hidden layer and weight decay, and Naive
Bayes with priors of 0.5 for presence and absence.33:32.43
The R packages used for ensemble modeling are listed
in the Appendix. The five approaches were ensembled as
(continuous) joint probability distributions and discretized
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maps (presences at two different levels of probability) to
serve researchers and decision makers alike. The ensem-
ble predictions were obtained by calculating a weighted
average of the predictions from all models, according to

p= Z(Wi X py)
=1

where w; X piwas the predicted probability from model 7,
weighted by its weight of evidence, and 7 the number
of models considered. The weights were obtained by
repeatedly (100 times) running a balanced (i.e., equal
numbers of presence and pseudo-absence cells) split-sam-
ple cross-validation (80% training, 20% testing) and
computing the areas under the ROC curves. According-
ly, models showing a good predictive performance were
upweighted in the averaged prediction. Discretized
maps were produced using the following classifier:

the formula:

likely present if p=07
potentially present if 0.5 <p < 0.7

Sus scrofais {
The value of 0.7 used as a threshold for likely presence
is in line with current practice.#4? A value of 0.5 used
as a threshold for potential presence is also used occa-
sionally.20

Evaluation

Model predictions were validated in the gridded pres-
ence data and in independent data (cf. section Species
data). When fitting the habitat suitability models, the
residuals were tested for spatial autocorrelation to iden-
tify the amount of spatial structure in the species data
that was not explained by the predictors.25 To this end,
global Moran’s [ was computed for summer GAM and
winter GAM.3® This involved deriving a distance matrix
from all observations, and testing the distance effect
against the residuals.2’

Limitations of the modeling approach

The literature discusses a number of theoretical and
methodological assumptions that a species distribution
model should meet.25 However, meeting all assumptions
is rarely feasible, and assumptions that are not fully met
reflect the limitations of the model. The most relevant
for the study presented here are (1) limited availability
of presence data, (2) possibly biased presence data, and
(3) possibly spatially correlated observations.

In a widely cited study some support for a minimum
sample size in multiple regression (two of the approach-
es adopted here are regression-based) of 7 =50 + 8 xm
was obtained with » the number of predictor varia-
bles.2* This number increases with the number of
categories if categorical variables are used. Thus, in
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the study presented here the minimum sample size is
50 + 8% (12 + 4) = 178. This number is clearly out-
matched by the 1,702 data cells with reported wild boar
presence in summer and the 2,882 data cells in winter.

Free-ranging wild boar
(Sus scrofa) in
Switzerland: casual
observations and
model-based projections
during open and closed

However, more important than the absolute number of d
season for hunting

observations is the extent to which these cover the whole
range of environmental conditions suitable for a species,
which is discussed in the next paragraph.

M.E. Vargas Amado et al.

Presence data are often biased towards easily accessible
areas.®> When delivering the data, info fauna made clear
that their data are biased towards areas usually visited
by observers (e.g., ornithologists) and towards sightings
in the open field. Hunting data, on the other hand, are
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Figure 4: Top Projected Sus scrofa occurrence with probabilities of 0.5-0.7 and > 0.7,
and actual observations (winter). Bottom Potential risk of transmission-related events in
winter calculated as wild boar probability x piggery/sq km.
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Table 1: Predictor variables selected for statistical modeling in a stepwise backward elim-
ination process using random forest in summer and winter. n/a = variable not selected
for this season. Predictor variables: Bioclimatic (Bio 1-Bio 15, SrelM), topographic (s/p),
vegetation (ddeg0), land use (NOAS04), (human) population density (STATPOP).

Variable Definition Unit MDGS | MDGW
Bio 1 Semi-annual mean temperature °C 144.299 n/a
Bio 2 Semi-annual mean diurnal range °C n/a 51.432
Bio 4 Temperature seasonality °C 43.416 83.162
Bio 7 Semi-annual temperature range °C 37.170 n/a
Bio 13 Precipitation of wettest month mm n/a 87.894
Bio 14 Precipitation of driest month mm 43.208 82.515
Bio 15 Precipitation seasonality % 58.285 164.472
ddeg0 Growing degree days above 0°C °C days n/a 232.448
SrelM Rel. sunshine duration % 45.461 134.011
slp Rate of change of elevation deg 30.400 n/a
NOAS04 Land use 4 classes n/a 41.454
STATPOP Population density n/ha 31.543 37.335

MDGS, mean decrease in Gini coeffcient (summer); MDGW, mean decrease in Gini
coeffcient (winter)

Table 2: Internal validation: True Positive Rates (= rates of presence data cells from this
study that were correctly predicted) for summer and winter.

Season Threshold Sample size | True positives TPR

Summer 0.7 1,677 1,280 0.742-0.783
0.5 1,677 1,555 0.914-0.939

Winter 0.7 2,831 2,324 0.806-0.835
0.5 2,831 2,619 0.915-0.934

TPR, True Positive Rate

Table 3: External validation: True Positive Rates (= rates of presence data cells from two
independent studies that were correctly predicted) for summer and winter. Data came
from GPS-collared wild boar, recorded 2014-2017 in the cantons of Vaud, Fribourg, Berne,
Basel-Country, Aargau, and from capture-resights, recorded 2011-2014 in the canton of

Neuchatel.
Season Threshold Sample size | True positives TPR
Summer 0.7 160 153 0.912-0.982
0.5 160 152 0.904-0.978
Winter 0.7 160 160 0.977-1.000
0.5 160 160 0.977-1.000

TPR, True Positive Rate
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biased towards the woods where the battues are carried
out. The problem with biased observations is that the
environmental conditions in suitable areas that are dif-
ficult to access are underrepresented or, in the worst
case, not represented at all. The work presented here
dealt with a possible bias in the presence data by sam-
pling psedo-absences in potentially unsuitable areas
twice as densely as in potentially suitable ones. Doing
so resulted in better predictions when compared to sam-
pling pseudo-absences regularly across the study area
(not shown). However, as the frue positive rates for a
threshold of 0.7 in Table 2 suggest, the projections still
tend to underpredict the occurrence of wild boar in
Switzerland.

Species data are almost always spatially autocorrelated.2’
Spatial autocorrelation may occur if species presences
are taken from samples in overly close proximity. When
species data are autocorrelated the degrees of freedom
used in many statistics associated with the models no
longer correspond to the number of observations.3? As
a result, some statistics may be inaccurate or even
wrong.!5 In the study presented here observations in ba
were aggregated to presences in sg km. In this way not
only the imprecision in the original data was accounted
for, but also were species data thinned, in some areas
almost hundredfold. As Figure 6 shows, there is still
some weak spatial correlation (< 0.4) in the residuals,
particularly at short distances and in winter. An attempt
to further thin the data using the respective toolset in a
geographic information system did not decrease the
correlation in the residuals (not shown). This may point
to the presence of ecological or environmental process-
es that are not fully captured by the predictor variables.2’

Results

Modeling

Figure 3 and 4 (top) show the discretized maps for sum-
mer and winter, overlayed by the presence data used for
modeling (cf. section Species data) and the six biogeo-
graphical regions in Switzerland. These regions subdi-
vide the three geographic regions mentioned in section
Study area into smaller ones based on their faunistic and
floristic potential. It is worth noting that in Valais wild
boar has since been observed also in Lotschental, Mat-
tertal, Gantertal, and Goms, according to info fauna.

In both seasons, the probability of wild boar occurrence
is high (> 0.7) in Jura, the valleys of the Southern Alps,
the Rhone Valley down the river from Martigny, and
the Rhine Valley down the river from Biindner
Herrschaft. In summer it is also high in the upper Rhine
valley. The probability is fair (0.5-0.7) in the Plateau
and, particularly in summer, in the valleys of the North-
ern Alps.

The true positive rates (TPRs), computed as Clopper-Pear-
son confidence intervals at a level of 95%, are shown in
Table 2.13 The probability of wild boar occurrence across
the entire study area, including the Alps, increased by
12% in summer when compared with winter. Figure 3
and 4 (bottom) show the potential risk of transmis-
sion-related events, calculated as wild boar probability x
piggery/ sq km, for both seasons in Switzerland. It is im-
portant to see, that this potential cannot be fully real-
ized because of a number of natural and artificial bar-
riers, the effects of which are discussed in Section
Discussion.
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Figure 5 shows patches of perennially suitable habitat
in the cantons of Berne, Obwalden, Uri, Schwyz, Gla-
rus, and Grisons that are currently not colonized. For
the rest of Switzerland, the joint probability distribu-
tions were similar to the discretized maps shown in
Figure 3 and 4 (top). It is worth noting that a high prob-
ability of occurrence does not necessarily indicate a high
density of wild boar. A more detailed analysis should be
based on the estimated density of wild boar, which is
outside the scope of this article.

Evaluation

The values of the areas under the ROC curves (AUC),
averaged across 100 split-sample cross-validation runs
for summer and winter (cf. section Modeling), are shown
below. These values were the weights used to compute
the joint probability distributions from the predictions
of the individual approaches in the ensemble.

GAM MARS FDA RF SVM

AUC Summer 0.872 0.860 0.861 0.919 0.883

AUC Winter 0.898 0.884 0.883 0.937 0.891

The results of the validation in the external dataset
(cf. section Species data) are shown in Table 3. The tests
for spatial autocorrelation in the residuals of the GAM
model revealed significant, but weak positive relation-
ships, particularly at short distances and in winter, there-
by implying that the major part of the spatial structure
in the species data was explained by the predictor vari-
ables (cf. Figure 6).

Discussion

The risk maps in Figure 3 and 4 (bottom) show for both
seasons patterns similar to the density of piggeries in
Figure 2. The reason is that there is a broad overlap
between piggeries and areas where wild boar are poten-
tially or likely present (cf. Figure 3 and 4, top). Accord-
ingly, the potential risk of transmission-related events is
currently highest in Jura, the Swiss Plateau, the Rhéne
valley, the valleys of the Southern Alps, and the Rhine
valley. Transmission-related events refer to a range of con-
ditions that encourage the transmission of diseases, such
as ASF, from wild boar to domestic pigs. Examples are
a direct contact with infected animals in outdoor pig-
geries, an indirect contact via contaminated clothes or
equipment, or using straw from cropland ranged by wild
boar as litter in piggeries.!2 Indirect contacts are more
likely where farmers are themselves hunters or welcome
hunters on their farm, and where farmers and hunters
have access to dead animal disposal plants on the same
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weekday. Not only are wild boar likely to occur where
piggeries are dense, but also where the human popula-
tion is dense (cf. STATPOP in Table 1). This supports
the hypothesis that wild boar are a synanthropic spe-
cies.*2

The joint probability distributions suggest that the (re-)
colonization of Switzerland by wild boar from France,
Germany, and Italy is not yet completed. Particularly,
in the cantons of Berne, Obwalden, Uri, Schwyz, Gla-
rus, and Grisons the models predict perennially some
suitable habitat that is currently not populated. In Ob-
walden, Uri, Schwyz, and Glarus none or only a few

animals were observed or shot in years 2009 through

Free-ranging wild boar
(Sus scrofa) in
Switzerland: casual
observations and
model-based projections
during open and closed
season for hunting

M.E. Vargas Amado et al.
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Figure 5: Joint probability distribution of Sus scrofa showing patches of perennially
suitable, but currently not colonized habitat in the cantons of Berne, Obwalden, Uri,

Schwyz, Glarus, and Grisons.
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Figure 6: Spatial correlation of model residuals at increasing distances between sample
locations in summer (red) and winter (blue) using the predictor variables in Table 1. It
shows some significant, but weak positive relationships, particularly at short distances

and in winter.
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2018 (cf. Figure 5). It seems that these cantons are hard
to colonize by wild boar because of natural and artificial
barriers. As suggested by the TPRs in Table 2, the pro-
jections tend to underpredict the occurrence of wild

Free-ranging wild boar
(Sus scrofa) in
Switzerland: casual
observations and
model-based projections
during open and closed

> boar. Accordingly, the areas of suitable habitat may ac-
season for hunting

tually be larger than suggested by the projections. Wild
M.E. Vargas Amado etal.  boar have been observed in the Rhine valley of Saint
Gall. The projections suggest that they are likely to col-
onize the (anterior) Rhine valley (and side valleys) of
Grisons unless gamekeeping prevents them from doing
so. In the future wild boar may benefit from climate
change, range in even higher altitudes in summer, and
overwinter in the Prealps.

A study on surveilled wildlife passages at the junction
between the Jura and the Swiss Plateau as well as in the
Swiss Plateau identified highway A5 at the south foot of
Jura between Yverdon-les-Bains and Luterbach as a po-
tential barrier for wild boar®. The spatial distribution
of presence records in the study presented here suggests
that this barrier has since been overcome in the Neu-
chitel area and wild boar on march got stuck at highway
A10 between Neuchitel and Kerzers, and highway Al
between Kerzers and Berne (cf. Figure 7). The projec-
tions in Figure 5 suggest that, without these barriers,
wild boar would colonize areas along the Aare river,
Lake Thun, Lake Brienz, in the Hasli valley and the
other valleys of the Bernese Oberland to the extent that
these are predominantly covered with deciduous forest.
These are areas where piggeries are dense (cf. Figure 2)
and where the risk of transmission-related events is high
(cf. Figure 3 and 4, bottom). Wild boar prefer deciduous

Lananisiim
e 4
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. Legénd
L2 ® WB Presences 2011-2018
= i Forest patches
oy L — A1

{ —_— 2

= A3
— p fh'_ As
:Background: Esri. HERE, Garmin, USGS INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong Kong),
| 'Esri Korea, Esri (Thailand), NGCC® Open Street Map contributors and the GIS User Community

Figure 7: Natural and artificial barriers at the junction between Jura and the Swiss Pla-
teau, and wild boar presences. A1-A10: Swiss national highways. This suggests that high-
way Ab has been overcome by wild boars in the Neuchéatel area. However, highway A10
between Neuchatel and Kerzers, highway A1 between Kerzers and Berne, and highway A1
between Luterbach and Birrfeld seem to be effective barriers.
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forests, where the fruits of the oak and beech trees pro-
vide a basic food resource, particularly during the cold
season, over coniferous forests.42.29 A further barrier is
highway A2 between Hirkingen and Lucerne. Highway
A3 between Zurich and Sargans is a barrier for wild boar
colonizing Switzerland from the north. There the nat-
ural barriers of Walensee lake and Lake Zurich might
also have prevented wild boar from colonizing Glarus
and Schwyz. The migratory pressure onto Swiss cantons
shielded by highways is expected to increase in the fu-
ture: wildlife passages have to be built by law in order
to increase the connectivity of the natural habitat.

The proportion of forest was found to be one of the
main drivers of wild boar population expansion into
unoccupied agroecosystems.*® This was attributed to the
role forests play in providing wild boar with food re-
sources and year-round protection, but also in consti-
tuting an important corridor facilitating wild boar pop-
ulation movement. In a study in the Geneva Basin,
landscape fragmentation variables were the primary
drivers of wild boar ranging patterns in a human-dom-
inated agroecosystem with range size best explained by
a model including landscape variables only.!8 As men-
tioned above there is currently no viable population of
wild boar in central Switzerland, despite the fact that
there is some suitable habitat for this species. Hence, in
addition to barriers, the remarkable patchiness of the
predominantly coniferous forest together with a high
fragmentation of landscape in general and the absence
of hunting-free zones in the Oberaargau, Lucerne fore-
land, and Lucerne hinterland, which are regions in the
Swiss Plateau, might also have limited the expansion of
wild boar into suitable habitat. This is of relevance, since
the piggeries in the canton of Lucerne are strongly con-
nected with holdings in other cantons.>! There a poten-
tial contact between domestic pigs and wild boar could
have severe consequences.

In the study presented here, the probability of wild boar
occurrence across the study area was larger in summer
than in winter. This is in line with the findings in the
south of Belgium where the suitable habitat almost dou-
bled in the growing season when compared to the hunt-
ing season.*! In Belgium this was explained by the cov-
er and food provided by the agricultural area in the
growing season. The computation of the mean proba-
bility of wild boar occurrence per land use class in Swit-
zerland did not show any significant shift among the
classes between summer and winter. This might be ex-
plained by the agricultural practice of yearly crop rota-
tion on a small spatial scale. Accordingly, information
on the type of crop grown, used as predictor variables
in the Belgium study, was not available on the required
scale in Switzerland.
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Appendix

Software tools and packages

All modeling and evaluation were carried out in RStudio
Version 1.2.1335 running R x64 3.5.3. The following
packages were used:

Moran’s |

Ensemble modeling Variable selection

library (biomod2) library (AUCRF) library (ape)

library (MASS) library (tidyverse) library (ncf)

library (mgcv) library (rcompanion) library (gam)

library (earth) library (reshape)
library (rpart)
library (mda)

library (Hmisc)

library(el071)

ArcGIS for Desktop 10.4.1 was used to prepare the input
data to RStudio and to draw the maps.

Predictor variables
The predictor variables were fed from the following
sources:

Originalarbeiten | Original contributions

Bioclimate

Bioclimatic predictors (e.g., Bio I-Bio 15 and SrelM in
Table 1) were computed according to the formulas pro-
vided by the U.S. Geological Survey using grid data
from the Federal Office of Meteorology and Climatol-
ogy MeteoSwiss.37:38,44

Topography

Topographic predictors (e.g., sip in Table 1) were derived
prior to this work from the Digital Elevation Model
(swissALTI3D) of swisstopo.5:11

Vegetation

Seasonal vegetation predictors (e.g., ddeg0 in Table 1)
were computed according to the formula provided in
related work using the grid data from the Federal Office
of Meteorology and Climatology MeteoSwiss (cf.
above).4” The forest mix rate of the National Forest In-
ventory (NFI) was computed prior to this work using
multispectral aerial images and a Digital Terrain Model
(DTM) developed from Airborne Laser Scanning (ALS)
data.”

Land fragmentation

Land use (NOAS04 in Table 1) was computed based on
the statistics of the Federal Statistical Office (BFS GE-
OSTAT). The forest mask was computed prior to this
work based on Digital Surface Models (DSMs) from
image-based point clouds of Airborne Digital Sensor
(ADS) data.5s

Socio-economics

The population density (STATPOPin Table 1) was com-
puted based on the population and households statistics
of the Federal Statistical Office (BFS).
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Sanglier (Sus scrofa) en Suisse:
observations occasionnelles et
projections basées sur des modeles
d’ouverture et fermeteure de chasse

Le sanglier (Sus scrofa) est sensible a plusieurs maladies
qui peuvent étre transmises au cochon domestique. Afin
d’estimer le risque potentiel de transmission, il est im-
portant d’identifier les zones occupées par le sanglier en
Suisse ainsi que celles qu’il pourrait encore coloniser.
De plus, cela implique également de pouvoir situer les
secteurs ou les élevages de cochons sont les plus abon-
dant. Dans le présent travail, la distribution du sanglier
a été projetée selon une grille a ’échelle de la Suisse a
partir des présences confirmées en utilisant des mé-
thodes statistiques, ceci en considérant la période d’ou-
verture de chasse d’une part et la période de fermeture
d’autre part. Les probabilités de présence calculées ont
été misent en relation avec la densité des porcheries dans
les différentes zones agricoles. Les cartes résultant de cet
exercice montrent comment le risque potentiel de trans-
mission de maladies est distribué en Suisse. La base de
données utilisée contenait des informations sur les
sangliers tirés lors de la chasse, ainsi que des observa-
tions occasionnelles, rapportées a 1’échelle de la coor-
donnée entre Septembre 2011 et Février 2018. Ces don-
nées ont étés obtenues de I’ensemble des 16 cantons
maintenant un systéme de chasse a patente, plus Soleure
(2017) et Zurich, et des données disponibles sur info
fauna. La probabilité de trouver des sanglier est élevée
(> 0.7) dans le Jura, les vallées du sud des Alpes, la
vallée du Rhone en aval de Martigny et la vallée du Rhin
en aval de Biindner Herrschaft. Elle est modérée (0.5-
0.7) pour le Plateau Suisse. Ces régions correspondent a
peu prés aux zones agricoles possédant les plus grandes
densités de porcheries. Des secteurs offrant des condi-
tions favorables toute l'année, mais encore inoccupés
par le sanglier ont été trouvés dans les cantons de Berne,
Obwald, Uri, Schwyz, Glaris et les Grisons. Sur I’en-
semble de la zone d’étude, la probabilité de présence des
sangliers était supérieur de 12% en dehors de la période
de chasse. Les résultats ont été discutés en les comparant
a des études similaires.

Mots-clés: Colonisation, adéquation de I’habitat, évaluation
des risques, projection spatiale, distribution des espéces,
Sus scrofa

Cinghiale libero (Sus scrofa) in
Svizzera: osservazioni casuali e pro-
iezioni basata su modelli durante la
stagione della caccia aperta e chiusa

I cinghiali (i.e., Sus scrofa) sono sensibili a molte malat-
tie che possono essere trasmesse ai suini domestici. Per
la valutazione del rischio di trasmissione potenziale, &
importante identificare le aree in cui i cinghiali vivono
in Svizzera e quali possono ancora colonizzare. Si trat-
ta inoltre di individuare le zone in cui la densita degli
allevamenti di suini & molto densa. Nello studio qui
presentato, la distribuzione dei cinghiali selvatici & stata
proiettata sulla base di una griglia a livello svizzero a
partire dalla presenza confermata utilizzando dei me-
todi statistici, considerando il periodo di apertura della
caccia da una parte e di chiusura dall’altra. Le probabi-
lita della presenza di cinghiali calcolate sono state mes-
se in relazione con la densita degli allevamenti di suini
nelle differenti zone agricole. Le carte che ne sono ri-
sultate mostrano come il rischio potenziale di trasmis-
sione delle malattie sia distribuito in Svizzera. I dati
utilizzati sulla presenza di cinghiali erano costituiti da
dati provenienti dalla caccia e da osservazioni casuali
registrate a livello di coordinate da settembre 2011 a
febbraio 2018. Questi dati provenivano da tutti i 16
Cantoni svizzeri che mantengono un sistema di caccia
con autorizzazione, piu Soletta (per il 2017) e Zurigo,
nonché da infofauna. La probabilita di avvistamento di
cinghiali era alta (> 0,7) nel Giura, nelle valli delle Alpi
meridionali, nella valle del Rodano sotto Martigny e
nella valle del Reno sotto la Bindner Herrschaft (Signo-
ria Grigionese); era moderata (0,5-0,7) nell'Altipiano
svizzero. Queste regioni si sovrappongono ampiamente
alle zone agricole ad alta densita di allevamenti di suini.
Nei Cantoni di Berna, Obvaldo, Uri, Svitto, Glarona e
Grigioni sono state identificate zone di habitat adatte,
ma attualmente non ancora popolate dai cinghiali. La
probabilita della presenza di cinghiali in tutta l'area di
studio, & aumentata del 12% durante la stagione di chiu-
sura della caccia. I risultati sono stati discussi e compa-
rati a studi simili.

Parole chiavi: Colonizzazione, habitat adatto, valutazione
del rischio, proiezione spaziale, distribuzione delle specie,
Sus scrofa
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