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ABSTRACT. The wild boar (Sus scrofa) is an invasive species and currently considered as one of the most
dangerous species around the world. Although its negative impacts on ecosystems have been broadly described,
little is known about its patterns of habitat use in protected areas of South America. In this study, we assessed
macro and microhabitat patterns of habitat use and selection of wild boar in Los Alerces National Park, Argen-
tina, during two contrasting study periods (spring-summer and autumn-winter). We surveyed 115 sampling plots
to estimate use and availability of macrohabitat and microhabitat variables. Our results showed that Lomatia
hirsuta forest was selected at the macrohabitat scale in both study periods, while Nothofagus pumilio forest
and Valdivian evergreen rainforest were used significantly less than their availability, and therefore, they were
avoided. At a microhabitat scale, we found that wild boars used low slopes and high canopy covers. The use
of L. hirsuta forest was also associated with SE exposure and intermediate proportion of ground cover. This
study is one of the first attempts to assess wild boar habitat use and selection at two scales in protected areas
dominated by temperate forest in Patagonia and the results obtained might be helpful to design management
actions to control this invasive species and understand its ecological role.

RESUMEN. Patrones de uso y seleccion de macro y microhabitat del jabali en el Parque Nacional Los Alerces.
El jabali (Sus scrofa) es una especie invasora que actualmente esta considerada como una de las especies mas
dariinas del mundo. Aunque sus impactos negativos en los ecosistemas han sido ampliamente descritos, poco
se sabe sobre sus patrones de uso y seleccién de héabitat en las areas protegidas de América del Sur. En este
estudio, se evaluaron los patrones de uso y seleccion de habitat del jabali a escalas de macro y micro-hébitat
en el Parque Nacional Los Alerces, Argentina, durante dos periodos de estudio contrastantes (primavera-verano
y otofio-invierno). Se relevaron 115 parcelas de muestreo para estimar el uso y la disponibilidad de variables
de macrohabitat y de microhabitat. Nuestros resultados mostraron que, a escala de macrohabitat, el bosque de
Lomatia hirsuta fue seleccionado en ambos periodos de estudio, mientras que el bosque de Nothofagus pumilio'y
la selva valdiviana se usaron significativamente menos que su disponibilidad, y por lo tanto, fueron seleccionados
negativamente. A escala de microhabitat, se observd que el jabali utilizd pendientes bajas y altas coberturas de
dosel. El uso del bosque de Lomatia hirsuta también se asocié con la exposicion SE y una proporcion intermedia
de la cobertura vegetal. Este estudio representa uno de los primeros intentos por evaluar el uso y la seleccion
de héabitat del jabali a dos escalas en areas protegidas dominadas por bosques templados en la Patagonia, y los
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resultados obtenidos pueden ser Gtiles para disefar acciones de manejo tendientes a controlar a esta especie

invasora y comprender su rol ecolégico.
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INTRODUCTION

The abundance and distribution of animal
populations vary in space and time accord-
ing to the quality and availability of resources
and habitat conditions (Litvaitis et al. 1994).
The resource use refers to the quantity of
the resource that is utilized by an animal or
population in a certain time interval, while
availability is estimated as the amount of certain
resource accessible to the animal or population
during that period of time (Manly et al. 2002;
Thomas & Taylor 2006). According to Johnson
(1980), use is selective if habitats or resources
are exploited disproportionately in relation to
their availability. Therefore, at a given scale, to
determine if a habitat or resource is selected, use
should be compared to its availability. In this
sense, wildlife habitat can be considered from
a multiscale context as a hierarchically nested
organization of conditions and resources re-
quired by an organism (Kolasa & Waltho 1998).

Selection occurs first at the level of the geo-
graphic range, then at the home-range level;
third, at the level of specific sites or habitat
types within a particular area, also known as
macrohabitat, and finally, according to how
animals choose particular components within
a habitat, considered as microhabitat (Johnson
1980; Senft et al. 1987; Litvaitis et al. 1994;
Manly et al. 2002). Factors that determine
habitat selection within each scale of analysis
can vary (Johnson 1980). For example, climatic
conditions may determine geographic range,
while habitat structure may influence the size
and shape of the home-range. On the other
hand, intraspecific competition may influence
the occupied territory within the range, while
food distribution and shelter become more

important at lower levels or scales of selection
(Litvaitis et al. 1994). Therefore, the under-
standing of how animals exploit a particular
set of resources at different scales of analysis
is essential to implement management actions
that contribute to the control of invasive species
(Litvaitis et al. 1994).

Biological invasions are considered one of the
main threats to natural ecosystems (Vitousek et
al. 1997). The wild boar (Sus scrofa) is a broad-
niche species with most of the attributes of a
successful invader (Oli & Dobson 2003; Bieber
& Ruf 2005). Consequently, it is considered
one of the “worst” invasive species (Sodeikat
& Pohlmeyer 2003; Lowe et al. 2004). Several
factors have been identified as affecting its
abundance and distribution, including climatic
and ecological factors, human activities, and
topography (Jedrzejewska et al. 1997; Acevedo
et al. 2006). It also represents one of the best-
known cases of introduced species worldwide
(Mc Graw & Mitchell 1998; Rosell et al. 2001;
Novillo & Ojeda 2008; Barrios-Garcia & Ballari
2012). In Argentina, it was introduced in 1906
for hunting purposes and is currently found
in a wide geographic range, occupying most
of the terrestrial ecoregions in this country
(Novillo & Ojeda 2008; Ballari et al. 2015). It
scurrent range in Patagonia is extended from
36° to 52° S (Pescador et al. 2009), includ-
ing Lanin, Nahuel Huapi, Lago Puelo, and
Los Alerces National Parks (Novillo & Ojeda
2008; Pescador et al. 2009). The negative ef-
fects of wild boar on invaded habitats have
been broadly reported and include changes in
soil properties and nutrient dynamics (Singer
et al. 1984; Cuevas et al. 2012), modification
in the composition and structure of plant
communities (Kotanen 1995; Siemann et al.
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2009; Sanguinetti & Kitzberger 2010; Cuevas
et al. 2012; Barrios-Garcia & Simberloff 2013)
and predation on small vertebrates (Howe et
al. 1981; Wilcox et al. 2009; Jolley et al. 2010;
Barrios-Garcia & Ballari 2012).

Despite the potential impacts produced by
this invasive species in protected areas, few
studies on its ecology have been conducted in
Argentina assessing distribution and abundance
(Daciuk 1978; Bonino 1995; Jaksic et al. 2002;
Merino & Carpinetti 2003; Novillo & Ojeda
2008; Pescador et al. 2009; Ballari et al. 2015).
Understanding patterns of habitat use and
selection by invasive species can be critical
when making management and conservation
decisions (Simberloff et al. 2005). However,
studies assessing habitat use in temperate forests
of Patagonia are also scarce (Schiafhini & Vila
2012; Gantchoff et al. 2013; Gantchoft & Belant
2015). Therefore, the aims of this study are
to: 1) assess habitat use and selection of wild
boar at a macrohabitat scale, and 2) determine
the eventual selection of foraging sites at a
microhabitat scale, on a seasonal basis, in Los
Alerces National Park, Argentina.

Taking into account that wild boar requires
dense canopy cover (Groves & Giles 1989;
Mc Graw & Mitchell 1998) and plant species
in open understory forests to feed (Skewes et
al. 2007; Sanguinetti & Kitzberger 2010), it
is expected that it would select this kind of
habitat types and resources in the study area.
Also, since ungulates of mountain environments
tend to perform seasonal altitudinal movements
(Rosell et al. 2001; Schiaffini & Vila 2012), it is
expected that wild boar would select habitats
located at low elevations during the winter and
at high elevations during the summer.

MATERIALS AND METHODS
Study Site

Los Alerces National Park (LANP) was created in
1937 and covers 263000 hectares. It is located in
the Andean region, in the NW of Chubut Province,
Argentina (Fig. 1). It includes two protected areas
management categories: National Park and National
Reserve (Martin & Chehébar 2001). The climate is
temperate-cold. The mean maximum temperature

in summer is 14.7 °C and the mean minimum
temperature in winter is 1.8 °C (APN 1997). Mean
annual precipitation decreases abruptly from west to
east, from more than 3000 mm/year on the western
side to 800 mm/year at the eastern border of the
National Park (APN 1997). This gradient determines
the distribution of xeric vegetation towards the east
end and different forest formations in its western
wet portion (APN 1997).

According to APN (1997), wild boar probably
colonized this protected area from the north in
1931. Schiaffini and Vila (2012) indicated that they
are present in 47% of the area of this national park.
The study area is located in the northern sector
of LANP, covering all types of habitats and man-
agement categories present in this protected area
(Fig. 1). LANP encompasses two phytogeographical
provinces: Subantarctic and High Andean (Cabrera
1976). Seven major habitat types were identified and
described in the field, according to their altitudinal
location and cover of dominant and co-dominant
plant species. Coihue forest (Nothofagus dombeyi,
COF), valdivian evergreen forest (VAF), maitén for-
est (Maytenus boaria, MAF), fiire forest (Nothofagus
antarctica, NIF), radal forest (Lomatia hirsuta, RAF)
and lenga forest (Nothofagus pumilio, LEF) are lo-
cated in the Subantarctic portion of the study area,
while the High Andean steppe (HAE) is located in
the High Andean province.

In the Temperate Forests of Patagonia, temperature,
light and precipitation patterns strongly influence
plant physiology (Donoso Zegers 1993). Conse-
quently, it is possible to distinguish two well-marked
periods: a warm-growing season (spring-summer)
and a cold-dormant season (autumn-winter). Dur-
ing the cold period, annual plants die and biennials
and perennials cease active growth, thus deciduous
plants lose their leaves and evergreens curtail all
new growth (Cabrera 1976; Schmaltz 1991; Donoso
Zegers 1993; Veblen et al. 1995).

Sampling design

A total of 13 line transects, both previously existing
or opened especially for this study with park rangers,
were distributed perpendicular to contour lines. The
area covered by these transects was identified by
park rangers as potentially occupied by wild boar.
They ran continuously from low (500-700 m a.s.1.)
to high elevation (up to 1400 m a.s.l.), covering all
the available habitat types described. Their average
wide and lengths were three meters and 2.73 km
(range =1.40-5.04 km) respectively. The starting
points of these transects were defined at random
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Fig. 1. Location of the study area and line transects surveyed in Los Alerces National Park (LANP) between 2011 and
2012. Transects were distributed perpendicular to contour lines, covering the following habitat types: 1) radal and nire
forests; 2) radal, maitén, and fire forests; 3) radal and nire forests, and high Andean steppe; 4) coihue, fire, radal, and
lenga forests; 5) coihue, radal, and lenga forests; 6), 7), 8) and 10) coihue and lenga forests; 9) and 13) Valdivian evergreen
forest; 11) Valdivian evergreen and coihue forests; and 12) Valdivian evergreen, coihue, and lenga forests.

and the minimum distance between them was one
km. Every 50 m in increasing elevation, sampling
plots of 3 x 5 m were placed on the line transect
(N=115) to assess biotic and abiotic habitat fea-
tures along the altitudinal gradient. In each plot,
we determined the habitat type present, to perform
macrohabitat analysis, and evaluated elevation,
aspect, slope, canopy cover, total cover of shrubs
and forbs, dominant species cover, leaf litter cover,
and snow cover, to carry out microhabitat analyses.

These transects were surveyed both in the warm
and cold seasons to estimate the use and availability
of macrohabitat and microhabitat variables between
2011 and 2012. A total of 142.16 km were surveyed
during 60 days of fieldwork, 34 days during the cold
season (May to August) and 25 days during the
warm season (November to January). As wild boar
is a secretive and shy species in forest habitats, we
chose an indirect method to evaluate habitat use

(Litvaitis et al. 1994). We used rooting signs as an
indicator of wild boar presence and feeding activ-
ity because they can be clearly seen, are visually
unmistakable in any type of substrate, and show
similar detectability in all seasons (Schiaffini & Vila
2012). As was described by Kotanen (1995), most
of the observed signs of rooting in our study area
were not higher than 1 m* Recent rooting activity
is easily distinguishable by the lack of mosses and
plant buds. Moreover, almost no debris is observed
on them and remaining herbaceous vegetation is still
green (Anderson & Stone 1993). Given the differ-
ences between fresh and old rooting, it was assumed
that the observations recorded in each survey were
not surveyed previously.

Macrohabitat analyses

We used the methodological approach proposed by
Marcum and Loftsgaarden (1980) to assess macro-
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habitat selection. We compared the frequency of
occurrence of each habitat type (estimated from
the sampling plots) with the proportion of root-
ing activity occurring in each habitat using a x2
test. When a significant X2 value was obtained, the
availability proportions were compared with the
Bonferroni confidence intervals of use proportions
to determine the selection, avoidance, or random use
of each vegetation type (Neu et al. 1974; Marcum
& Loftsgaarden 1980). Considering that this test
is sensitive to the observer decision on which and
how many habitat types are actually available, it was
also conducted using both all available habitats and
excluding those highly available and poorly used
(Thomas & Taylor 1990).

Microhabitat analyses

We evaluated elevation, aspect, slope, and cover of
canopy, shrubs and forbs, dominant species, leaf
litter, and snow. These variables were measured in
both sampling plots and whenever we found rooting
activity. The elevation was obtained using a GPS
Garmin 12 (Olathe, Kansas, USA). The slope was
classified as zero (0°), low (up to 25°), medium (25°-
45°) or high (45°-60°), while aspect was determined
using the Google Earth program Plus 6.0.1.2032
(beta). Six pictures of canopy and understory were
taken perpendicular to the ground with a Canon
Power Shot A560 digital camera. These pictures were
superimposed digitally with a 100 squares grid to
estimate canopy, shrub and forb cover.

In those habitat types where the sampling size
was appropriate, a discriminant analysis (Hérdle &
Simar 2015) with a progressive forward stepwise type
analysis (Tobler 2002) was used to determine which
combination of variables maximized the difference
between used and unused sites. We first analyzed
variables related to the structural attributes of the
habitat type, such as elevation, slope, and aspect. In
cases where there were significant differences related
to vegetation cover (e.g. shrub cover), the analysis
was performed again considering plant species cover.

RESULTS

A total of 166 rooting signs were found during
the surveys, 69.3% of these signs were recorded
during the cold season and the remaining
30.7% during the warm season. Most of the
rooting activity was registered on transects
located in RAF (n=92 and 39 in the cold and
warm seasons, respectively) and COF habitat
types (21 signs in the cold season and 10 in

the warm season), in the eastern portion of
the study area.

Macrohabitat analyses

At the macrohabitat-level, we observed that
the frequency of rooting signs was significantly
different from the expected use of habitat types
in both seasons (cold season: x2=346.25,
df=6, p<0.05; warm season: x2=137.67, df=6,
p<0.05). During the cold season, wild boar
used RAF in a greater proportion than its avail-
ability, and therefore, the species selected this
habitat (Table 1). By contrast, NIF, LEF and
VAF were avoided (Table 1). The remaining
habitat types were used in proportion to their
availability (Table 1). The results obtained by
applying the correction suggested by Thomas
and Taylor (1990) were similar except for the
COF, which was avoided by wild boar (x2:
153.82, df=4, p <0.05, Fig. 2a).

Wild boars selected RAF during the warm
season, while HAE, MAF, NIF and COF were
used in proportion to its availability. In contrast,
VAF and LEF were avoided (Table 1). When we
used the Thomas and Taylor (1990) correction,
COF was avoided and RAF was selected, while
the other habitat types were used in proportion
to their availability (x2=58.99,df=4, p<0.05,
Fig. 2b).

Microhabitat analyses

Due to the low number of signs registered in
most of the habitat types (Table 1), only data
obtained from RAF and COF were analyzed at
a microhabitat-level. In these habitat types, wild
boar used mid-elevations, low slopes and high
canopy cover in both warm and cold seasons
(Table 2). In addition, the patterns of micro-
habitat use were related to both low shrub and
snow covers in the COF, and high radal cover
in the RAF. The places where at least one sign
was registered (Table 2) were also characterized
by low slopes and were located at 700-800 m
a.s.l. and 862-977 m a.s.l. during the cold and
warm seasons, respectively.

The results of the discriminant analysis
showed that both RAF (cold season: Wilk’s
A=041F,, =15.51, p<0.001; warm season:
Wilk’s A=0.27, Fi10=16.24, p< 0.001) and

8.49)
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Table 1
Availability of habitat types, estimated from the sampling plots and observed frequencies of wild boar use
in Los Alerces National Park during both cold and warm seasons. Selection was computed using the x*-tests
and Bonferroni 95% simultaneous confidence intervals (SCI). U=Use and A = Availability.

Cold season Warm season

Availability . .
Use scI Resulting Use SscI Resulting
use use
Coihue Forest (COF) 30 21 -0.07;0.23 U=A 10 -0.11;025 U=A
Valdivian evergreen forest (VAF) 26 0 0.12; 0.34 U<A 0 0.12; 0.34 U<A
Maiten Forest (MAF) 1 1 -0.04; 0.04 U=A 0 -0.01; 0.03 U=A
Nire Forest (NIF) 13 1 0.020.18 U<A 1 -001;018 U=A
High Andean Steppe (HAE) 4 0  -0.01; 0.07 U=A 1 -0.06; 0.08 U=A
Radal Forest (RAF) 19 92 -0.77-049  U>A 39 -0.78;-042  U>A
Lenga Forest (LEF) 22 0 0.09; 0.29 U<A 0 0.09; 0.29 U<A
a 40 + season (p<0.01 in all cases). During the cold
% . mObserved season, the combination of variables at the
80 .
o OExpected RAF included southeast aspect and low slope,
§ zz - snow cover, vegetation cover (forbs and shrubs)
an and litterfall cover. Correct classification was
22 - achieved for 98.9% of the used sites and 64.2%
10 - of the unused sites. Litterfall cover was also
T COF " MAF  NIF RAF  HAE relevant for wild boar at the COF, as well as
b low snow cover, low slopes and C. culeou cover.
w + In this habitat type, correct classification was
3 100% and 85.7% for used and unused sites
g Z: _ respectively.
=T During the warm season, the combination of
2 . .. .
it variables that maximized the difference between
1 used and unused sites at the RAF included low
5 .
N . ‘ . B slopes, high canopy cover and C. culeou cover.
COF MAF L el HAE Correct classification was achieved for 100% of

Fig. 2. Observed and expected frequency of wild boar
rooting in each habitat type, excluding those highly
available and poorly used during a) the cold season, and
b) the warm season. BAF: coihue forest; MAF: maiten
forest; NIF: fire forest; HAE: high Andean steppe; RAF:
radal forest. Habitat selection (+) and avoidance (-) are
indicated above the bars.

COF (cold season: Wilk’s A=0.41, Fo =849
p<0.001; warm season: Wilk’s A=0.61,
F.5=4.09, p<0.001) had a combination of
variables that differentiate used from not used
sites. These variables were different in each

the used sites and 77.7% of the unused sites.
At the COF, only low slopes were significant to
discriminate used and unused sites (p <0.001).
The used sites were discriminated in 100% of
the cases, while those not used, in 90.9% of
the cases (Table 3).

DISCUSSION

The introduction of wild boar has been recog-
nized as a threat to the biodiversity of the tem-
perate forests of the southern Andes (Vazquez
2002). In Argentina, several studies have shown
that rooting activity reduces significantly the
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Table 2

Summary of microhabitat variables (median and min-max) of coihue and radal forests in used and available
sites by wild boar, during the cold and warm seasons, at Los Alerces National Park.

COIHUE FOREST

‘Warm season

Cold season

Availability

Use

Availability

Use

Aspect (SE or NW)

Elevation (m)

SE
760 (550-950)

SE
740 (690-740)

SE
760 (550-950)

SE
812 (725-812)

Slope medium-high low medium low
Canopy cover (%) 95 (91-97) 96 95 (84-97) 98 (9598)
Chusquea coleau cover 0.00 (0.00-1) - 0.00 (0.00-1) 0.01 (0.00-2)
Gaultheria mucronata cover 0.00 (0.00-4) - - 0.02 (0.00-4)
Litterfall cover 79 (63-89) 100 38 (0.00-85) 0.73 (0.00-73)
Raukaua laetevirens 0. 00 (0.00-4) - 0.00 (0.00-3) -
Shrub cover 8 (0.00-17) 0 3 (0.00-16) 0.04 (0.00-4)
Snow cover - - 20 (0.00-81) -
RADAL FOREST
Warm season Cold season

Availability Use Availability Use
Aspect Nw SE Nw SE
Elevation 727 (550-950) 655 (940-700) 727 (550-950) 700 (588-763)
Slope medium low medium low
Canopy cover 66 (9-95) 94 (92-98) 70 (9-96) 87 (59-93)
Litterfall cover 47 (0.00-75) - 0.00 (0.00-66) 0.00 (0.00-82)
Lomatia hirsuta cover 0.00 (0.00-49) 78 (0.00-89) - 0.00 (0.00-59)
Shrub cover 5 (0.00-84) 78 (0.00-87) 5 (0.00-93) 0.00 (0.00-79)
Forb scover 0.00 (0.00-5) 0.00 (0.00-5) 0.00 (0.00-5) 0.00 (0.00-4)
Berberis buxifolia cover - - 0.00 (0.00-4) -

Snow cover -

- 0.00 (0.00-53) -

coverage of perennial plant species and the
diversity of understory species, and increase
soil compaction (Cuevas et al. 2010, 2012) and
both establishment and biomass of exotic plant
species (Barrios-Garcia & Simberloff 2013).
According to the results obtained in this study,
rooting activity could be strongly influenced by
seasonality. As was observed in other protected
areas in Patagonia, such as Nahuel Huapi Na-
tional Park (Barrios-Garcia, pers. com.), most

of the fresh rooting signs were found during
the cold season. This is consistent with other
studies conducted worldwide (Singer et al.
1984; Hone 1995; Welander 2000; Cahill et al.
2003)and could be explained by the differential
food availability between seasons. During the
cold season, wild boar feeds on roots, insects
or fungi, while it probably feeds on fruits or
other aerial parts of plants during the warm
season (Welander 2000).
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Table 3
Results from the discriminant analysis applied to the structural attributes of the habitat types and the domi-
nant species that constitute the shrub cover in coihue and radal forests during the cold and warm seasons.

p-values<0.05 were considered significant. SA: structural attributes. SC: shrub cover.

‘Warm season

Cold season

Variable Wilk’s Lambda  p-value Variable Wilk’s Lambda  p-value

Radal SA Aspect 0.276 0.527 SA Aspect 0.427 0.033
Forest Elevation 0277 0.478 Elevation 0.410 0.417
Slope 0.304 0.026 Slope 0.529 0.001

Canopy 0.379 0.001 Canopy 0.408 0.835

C. culeou 0.343 0.001 Litterfall 0.529 0.001

Litterfall 0.338 0.001 Snow 0.529 0.000

Shrubs 0.350 0.001 C. culeou 0.421 0.081

Forbs 0.551 0.001 Shrubs 0.574 0.001

SC B. buxifolia 0.734 0.007 Forbs 0.580 0.001

B. darwinii 0.696 0.033 sC L. hirsuta 0.813 0.863

L. hirsuta 0.735 0.007 S. patagonicus 0.834 0.096

S. patagonicus 0.699 0.030 B. buxifolia 0.953 0.001

Coihue SA Aspect 0.618 0.474 SA Aspect 0.447 0.055
Forest Elevation 0.663 0.056 Elevation 0.436 0.112
Slope 0.804 0.001 Slope 0.693 0.001

Canopy 0.617 0.528 Canopy 0.432 0.151

C. culeou 0.626 0.293 C. culeou 0.450 0.046

Litterfall 0.628 0.264 Litterfall 0.498 0.003

Shrubs 0.629 0.259 Snow 0.495 0.003

Shrubs 0.458 0.028

G. mucronata 0.826 0.782

SC Maytenus 0.826 0.814

chubutensis

B. darwinii 0.893 0.045

D. winteri 0.839 0.348

R. laetevirens 0.906 0.030

At a macrohabitat level, our results supported
the hypothesis that wild boar selects forests with
dense canopy cover and open understory, and
low elevations during the winter. This is con-
sistent with seasonal movements towards lower
altitudes during the winter season reported by
Pescador et al. (2009) in Lanin National Park,
as occurs in European mountain areas (Rosell et
al. 2001). Both habitat types selected and those

used yearly in proportion to their availability are
located in the eastern portion of the study area.
Given the history of colonization of the species
in the LANP, which suggests that wild boar
invaded the park from its northern limit, the
presence of large lakes and dense understories
in forests could have limited accessibility and,
consequently, invasion of the western part of
the park (Orellana et al. 2013). Nevertheless,
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Sanguinetti & Pastore (2016) suggest that the
invasion process in Argentina has not finished
and maximum potential densities have not been
reached yet. They also suggest that wild boar
could reach one of the highest densities in the
more humid forests of Patagonia (Valdivian
evergreen rainforest). Furthermore, the invasion
pattern in Lanin National Park followed rivers
and lakes from eastern steppes to the western
hillsides (Pescador et al. 2009). Gantchoff et
al. (2013) and Gantchoff & Belant (2015) also
showed wild boar preference for more western
humid areas in Nahuel Huapi National Park,
where habitat types are similar to those found
in LANP and Lanin.

By contrast, in the east portion of LANP, the
available network of roads and paths, as well as
the presence of open understories and cleared
areas for public use (De Pietri 1993; Martin
& Chehébar 2001) could explain the current
distribution and abundance of the species in
this area. In addition, this area also contains
the higher proportion of the selected habitats
by wild boar (radal forests). Wild boar occur-
rence was equally influenced by anthropogenic
and environmental factors in Nahuel Huapi
National Park (Gantchoff & Belant 2015).In
addition, sites closer to roads had greater
numbers of species detections, suggesting that
boars are positively selecting roads and possibly
using them as corridors (Gantchoff et al. 2013;
Gantchoff & Belant 2015). Consequently, its
distribution could be facilitated through hu-
man disturbance.

The avoidance or negative selection of
habitat types located at higher elevations is
consistent with previous studies conducted in
this National Park (Schiaffini & Vila 2012) and
in Nahuel Huapi National Park (Gantchoff &
Belant 2015). This could be related to adverse
climatic conditions, especially during the cold
season, which affects negatively the availability
of food (Vila et al. 2009; Vila & Borrelli 2011)
and animal movements (Rosvold & Andersen
2008).

Lower slopes could facilitate movement and
foraging at microhabitat level, while higher
canopy cover could provide protection from
high temperatures during the warm season.
Since this species does not have sweat glands

(Mysterud & Ostbye 1999; Dexter 2003), the
effect of the canopy could modulate its habitat
use and thermoregulatory behavior (Groves &
Giles 1989; Dexter 1998, 2003). In addition,
this high coverage could prevent soil freezing
and snow accumulation during the cold season,
thus facilitating rooting activities. These results
are also consistent with studies conducted in
other ungulates (Huot 1974; Peek et al. 1976;
Armleder et al. 1994; Mysterud et al. 1997).

Taking into account both scales of analysis,
RAF selection by wild boar could be important
not only for its high percentage of shrub cover
but also for its species composition, richness
and relative abundance of species in the under-
story. Although other authors have suggested
that the presence of bamboo C. culeou has an
important role in defining wild boar habitat
use (Schiaffini & Vila 2012), our results suggest
that its importance depends on the combined
presence of other species, such as B. darwinii
and B. buxifolia.

In addition, L. hirsuta has got proteoid roots,
characterized by dense clusters that enhance
nutrient uptake (Diehl et al. 2008). This kind of
roots could be potentially more attractive than
others (Grosfeld, pers. com.) and could repre-
sent an important food source for wild boar. In
addition, litterfall layer in RAF is thicker than
in other types of forests (Mazzarino, pers.com.)
and has lower decomposition rates (Diehl et al.
2008). These features could determine a greater
presence of insects potentially included in wild
boar diet (Ballari et al. 2014).

This study is one of the first attempts to assess
wild boar habitat use and selection at multiple
scales and the results obtained might be helpful
to design management actions to control this
invasive species in temperate forests of Pata-
gonia. The emerging recommendations of our
work include: 1) developing and implementing
an early detection and a rapid response plan
for the species (Genovesi et al. 2010; NYSDEC
2016) in the western part of the LANP; and
2) focusing control efforts on those habitats
that are selected on a yearly basis (radal forests,
low to mid elevations, low slopes, high canopy
cover and open understory). It should be noted
that both experiences gained and lessons learnt
in wild boar management in other protected
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areas of Argentina (Giirtler et al. 2016, 2017)
could be helpful for designing a control or
eradication plan of this species in LANP. This
plan must include long-term monitoring of
populations and control activities combining
different techniques, such as those used by
Giirtler et al. (2016, 2017) and Sanguinetti &
Pastore (2016).
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