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Abstract

The wild boar (Sus scrofa) is a problematic invasive species which has colonized the threatened Brazilian Atlantic Forest.
Our objective was to evaluate if population control and seasonality affect the circadian rhythm of wild boar activity. Wild
boar activity was monitored by camera-traps for 1 year without population-control methods and 1 year with population-
control methods implemented in the area. Before population control was implemented, wild boar activity was uniform across
24 h, with animals being active at any given time (cathemeral). After the population control, wild boars concentrated their
activities on the daylight period. Also, wild boars were more active during the wet season, possibly influenced by the pres-
ence of seeds of Araucaria angustifolia trees. Based on these results, control measures should be conducted during the wet
season and different management strategies, such as the use of rifles with telescopic sights and silencers, should be tested.

Keywords Brazilian Atlantic Forest - Invasive alien species - Introduced mammals - Protected areas - Sus scrofa

Biological invasions are considered one of the main causes
of biodiversity loss worldwide, affecting areas under inten-
sive human usage as well as protected areas (Spear et al.
2013). The wild boar (Sus scrofa Linnaeus 1758) is listed
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as one of the 100 worst invasive alien species in the world
(Lowe et al. 2000) due to high dispersal and reproduc-
tion rates, low predation rates and high competitiveness
(Mapston 2007). Wild boars root the soil and pluck out plant
roots, altering soil and vegetation structure and processes

Av. Central, s/n, Campus Universitario, 37200-000 Lavras,
Minas Gerais, Brazil

Programa de P6s-graduacdo em Biodiversidade e Evolugio,
Coordenagdo de Zoologia, Museu Paraense Emilio Goeldi,
66077-530 Belém, Para, Brazil

Departamento de Paisagem, Ambiente e Ordenamento,
Instituto de Ciéncias Agrarias e Ambientais Mediterranicas,
Universidade de Evora, Largo dos Colegiais, 2, 7000 Evora,
Portugal

Departamento de Biodiversidade, Evolugao e Meio
Ambiente, Pds-graduagcdo em Ecologia de Biomas Tropicais,
Universidade Federal de Ouro Preto, Campus Morro do
Cruzeiro, Bauxita, 35400-000 Ouro Preto, Minas Gerais,
Brazil

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s42991-019-00003-y&domain=pdf

T. de Assis Morais et al.

(Barrios-Garcia and Ballari 2012; Boughton and Boughton
2014). They also transmit several diseases, such as foot and
mouth disease, leptospirosis and swine fever to humans and
wild and domestic animals, causing environmental and eco-
nomic damage (Mapston 2007).

Wild boars can be active at any time of day or night
depending on environmental conditions, such as temperature
and humidity (Barrios-Garcia and Ballari 2012; Brivio et al.
2017). During the hottest part of the day, wild boars tend
to be inactive (Russo et al. 1997), but Lemel et al. (2003)
showed that wild boars in Sweden were more active when
air humidity was high. Boars can also modify their activity
pattern depending on seasonality, being more active during
the dry season, since they need to search for food and water
resources more intensively (Lemel et al. 2003; Podgoérski
et al. 2013).

Wild boars may change their behavior when exposed
to certain threats and human activities, especially hunting
and other population-control activities. In Argentina, wild
boars were predominantly nocturnal, with minimum activity
overlap with their main predator, the cougar (Puma con-
color) (Caruso et al. 2018). Wild boars also became more
nocturnal because of human hunting in Japan (Ohashi et al.
2013) and avoided rice crops that were near high human
densities, because these areas pose more risk to the animals
(Saito et al. 2011). The same pattern of human avoidance
was observed in wild boars living in urban areas of Poland
(Podgorski et al. 2013).

Hunting may affect wild boar movement and use of space,
as the animals tend to hide, moving around less, staying
inside forests instead of using open areas and becoming
more active during the night to reduce the chances of been
detected and hunted (Brown et al 1999; Rosell et al. 2004;
Scillitani et al. 2010; Barrios-Garcia and Ballari 2012;
Podgorski et al. 2013; Thurfjell et al. 2013).

The invasion of tropical environments by wild boars is
recent (Rosa et al. 2017), so there is no knowledge of wild
boar behavior under population-control pressure in those
environments. In Brazil, the main wild boar control tech-
nique used is hunting (Rosa et al. 2018). The objective of
our work was, therefore, to understand if population-control
using trapping and stand hunting affect the daily and sea-
sonal activity patterns of wild boars in a tropical forest of
Brazil. Based on available knowledge, we hypothesized that
after control pressure, wild boars would modify their activity
patterns to hours where no control is undertaken. We also
analyzed whether wild boars are more active during the dry
season when food is scarcer.

Our study was undertaken in the Alto-Montana Natural
Heritage Private Reserve (NHPR; 22° 21’ 08" N/-44° 48" 04"
W), which covers 672 hectares and is one of the protected
areas in the Mantiqueira Mountain Range, southeastern Bra-
zil. The area is controlled and no record of poaching exists
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for the area in more than 10 years of fauna monitoring. Wild
boar population density for NHPR was estimated to be 15.8
ind./km? (Gongalves 2015). In the study area, the cougar
is potentially the main predator of wild boars, especially
piglets (Hegel and Marini 2018), but data on predation are
not available for the NHPR. The climate is classified as high-
elevation tropical (CWB) (Koppen 1936), with two distinct
seasons: a dry season between April and September and a
wet season between October and March.

We installed eight motion-activated camera traps in the
area (Bushnell HD, © Bushnell Outdoor Products, Cali-
fornia, USA) in the places most visited by wild boars, as
evidenced by signs (footprints, hair, feces, fresh diggings,
wallowing, etc.) and by previous studies (near water, on
trails used by animals and people) (Srbek-Araujo and Chi-
arello 2007, 2013; Gongalves 2015). The distance between
the cameras was 1 km, to increase the independence of each
sampling station (Goulart et al. 2009; Harmsen et al. 2010;
Gongalves 2015). This distance is recommended and is com-
monly used for the study of medium and large mammals
(body mass of adults greater than 1 kg) (Emmons 1987).
Cameras were distributed within an area of 3.5 km? because
the other areas of the NHPR are covered by open rock-fields
and cliffs in which wild boars have not been recorded.

The camera traps were active between October 2013
and November 2015. We checked the cameras every 1 or 2
months for cleaning, changing batteries and downloading
data. We programmed camera traps to take three consecutive
photographs with 30-s intervals. We did not use bait to avoid
attracting other animals and to increase the chance of equal
capture (Karanth and Nichols 2002).

We assessed wild boar activity patterns between Octo-
ber 2013 and October 2014, when no population control of
wild boars was carried out (no animals were culled, because
poaching did not occur in the study area) and between
November 2014 and November 2015, when active control of
wild boars (hereafter “population control”) was carried out
by corral trapping and stand hunting in accordance with Bra-
zilian legislation [[BAMA Normative Instruction 03/2013].
Ten animals were culled per year by 4 hunters in 152 person-
nights and 28 trap-nights; animals were culled after success-
ful trapping (71.43%) and from the hunting stands, using
the silent weapons (crossbow; 28.57%). Hunting occurred
between November 2014 and November 2015. Both control
methods were applied to the whole study area at the same
time. Hunters did not actively search for the wild boars; they
used bait to attract them to the shooting range.

The timestamp of the photographs taken by the camera
traps was used to define wild boar activity patterns. We
conducted a Rayleigh uniformity test using the Oriana®
4.0 statistical software (Oriana 2012), adopting, for each
management type, the p value <0.05 significance in all
cases. We also conducted a Watson’s test for homogeneity
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on two samples for circular data to detect different patterns
of activity time depending on the type of management.
Wild boars were then classified according to the times of
day: (a) diurnal: when more than 90% of the records were
made in daylight (time between 06h0OOmin and 16h59min);
(b) predominantly diurnal: between 90 and 70% of records
taken in daylight (time between 06h0Omin and 16h59min);
(c) cathemeral: animals active during the day and night
(between 30 and 70% of records in the dark—time between
18h00min and 03h59min); (d) nocturnal: between 70 and
90% of records taken in the dark (time between 18h00min
and 03h59min); (e) crepuscular: more than 50% of records
at dawn or twilight—time between 04hOOmin and 05h59min
and between 17h00min and 17h59min (Gémez et al. 2005).
We built generalized linear models (GLMs) with a bino-
mial distribution to evaluate the effects of the seasonality
and population control on the activity period of wild boars.
We used the occurrence of wild boars per hour (0 =not
registered; 1 =registered) as a response variable, and the
existence or not of the population control in the region and
seasonality as predictive variables. Finally, we fitted seg-
mented linear regression models with month as a predictor
variable for each year and the number of wild boar records
as the response variable using the package ‘segmented’ of
the software R (Muggeo 2008; R Core Team 2019).

In 791 sampling days (395 days without population con-
trol and 396 days with population control), with an effort

No hunting Hunting

A

23/24
22/23
21/22
20/21
19/20
18/19
17/18
16/17
15/16
14/15
13/14
12/13
11/12
10/11
09/10 4
08/09 1
07/08 4
06/07 4
05/06 1
04/05 4
03/04 4
02/03 4
01/02 4
00/01 4

Deviancey; 247,=26.16

p=0.39 p<0.01

Time

a
a

[

Deviance,; 247,=60.69

of 5659 traps*nights (3130 traps*nights without population
control and 2529 traps*nights with population control), we
obtained a total of 428 independent records of wild boars
(one photograph per hour; 234 records without control meth-
ods and 194 records with control methods), with an average
of 2.65 wild boars per independent record (658 wild boars
recorded without control methods: average of 2.81; 480 wild
boars recorded with control methods: average of 2.47). The
sampling effort was obtained considering only the days in
which the camera functioned properly the entire time.

Before the population control was implemented, wild
boar activity was uniform throughout 24 h (Rayleigh test
Z=1.919; P>0.05), with animals being active at any
given time (cathemeral). After the implementation of the
population control, wild boars changed their behavior and
their activity pattern was no longer uniform (Rayleigh test
Z=16.482; P<0.01). A striking difference between pre-
and post-population control was detected in the wild boar’s
pattern of activity (Watson’s U? test=0.472; P< 0.001),
with the boars concentrating their activities during the day
after the implementation of active control management.
Wild boars became predominantly diurnal (06hOOmin to
16h59min) according to the classification of times of day
(26% of records in the dark). Activity dropped drastically at
twilight (around 19h00min) and the animals became active
again at dawn, with an activity peak at 07hOOmin.

B
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® Wet —=—No hunting -&-Hunting

Total Records

o
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Fig. 1 Results of the GLMs for the activity pattern of Sus scrofa in
the Alto-Montana Natural Heritage Private Reserve (NHPR) in Bra-
zil. a Activity budget with no population control (light gray bars:
mean and standard error) and with population control (dark gray bars:

0.20

mean and standard error) of wild boars. b Activity budget variation
depending on seasonality and the presence of population control
methods
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Wild boars were active during the entire day when
no population control was implemented (GLM: devi-
ance =24.16, P=0.39); however, when the population
control was implemented, wild boars became more active
around 14h0Omin, 16h00min and at 07h0Omin (GLM: devi-
ance=060.69, P <0.001) (Fig. 1). Seasonality showed to be
important in regulating the activity of wild boars, with the
animals being more active during the wet season and less
active during the dry season (deviance=7.87, P =0.005)
(Fig. 1). The same pattern was shown by the segmented lin-
ear regression, with pigs diminishing their activity in the
dry season, increasing again in the wet season, especially in
the year without control methods. In the year with control
methods, wild boars became more inactive earlier in the year
(June—July; November—December without control methods)
and remained less active even at the beginning of the wet
season (Fig. 2).

As expected, wild—boar activity was not concentrated at
a specific time of day in the absence of management efforts.
However, once the population control became common, wild
boars changed to a diurnal activity pattern, which differed
from the nocturnal pattern expected as a reaction to man-
agement (Gomez et al. 2005), with peaks of activity around
dawn and dusk. The predominantly diurnal activity pattern
or the lack of a pattern is common in areas where no hunting
or control is carried out (Keuling et al. 2008; Barrios-Gar-
cia and Ballari 2012; Podgérski et al. 2013). This indicates
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that hunting pressure is more disturbing for wild boars than
the predation risk of being active during daylight. The lack
of a defined pattern in the absence of management in the
study area stands out due to low human presence in general,
leaving the animals predisposed to being active throughout
the 24 h of a day (wild boars avoid areas with high human
presence; Barrios-Garcia and Ballari 2012; Podgérski et al.
2013; Ikeda et al. 2019).

Wild boars and many other species tend to become noc-
turnal in places under hunting pressure as well as hunting
techniques that use large groups of people (> 20), firearms
and trained dogs (eight or more) (Scillitani et al. 2010; Thur-
fiell et al. 2013; Gaynor et al. 2018). Also, during periods
of hunting, wild boars also change the use of space, being
more active closer to forested and protected areas (Tolon
et al. 2009). In contrast, after control efforts were initiated
in the NHPR, wild boar activity became predominantly diur-
nal. Control techniques used in the NHPR were restricted to
trapping and stand hunting, and carried out mainly between
5 and 9 p.m. using baiting and bows and arrows, and cross-
bows. Techniques less stressful than hunting dogs (Massei
et al. 2011) and the absence of poaching or firearms in the
area may have generated less pressure upon wild boars to the
point that they did not feel threatened in the NHPR, adopt-
ing a diurnal activity pattern (Keuling et al. 2008; Thurfjell
et al. 2013). The use of silent weapons is suggested because
their effects on animal behavior are minimal, which could

Year 2015

-4 Estimated Break-Point = 6.79

40

Months (Jan—Nov)

Fig.2 Segmented linear regressions showing the activity pattern of wild boars in the Alto-Montana Natural Heritage Private Reserve (NHPR,
Brazil) with no population control methods (year 2014) and with population control methods (year 2015)
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increase the rate of hunting success (Thurfjell et al. 2017,
European Bowhunting Federation 2019). In the present
study, all animals were culled using this type of weapon.

Although providing a low rate of culled wild boar, the
pressure exerted by the presence of hunters in the study
area may be sufficient to modify the wild boar activi-
ties. Braga et al. (2010) also found low rates of wild boar
extraction in Portugal. In their study, stand hunting by 6
hunters in 30 nights resulted in an extraction rate varying
between 2.8 and 7.6 boars per 100 hectares. In the Alto-
Montana Natural Heritage Private Reserve, there was 15.8
wild boars/km?. If we consider a number of 16 boars/100
hectares (Gongalves 2015), we would have around 107
boars in 672 hectares. Thus, the extraction of 10 indi-
viduals per year represents near 10% of the population.
It is important to state that wild boars were considered a
stealthy prey by the Brazilian hunters, making their shoot-
ing difficult. This could contribute to the low numbers
of wild boars killed annually. With time, hunters’ skills
would increase and the culling efficiency would be higher
than the current numbers. This is corroborated by the fact
that with control methods, wild boars become less active
earlier in the year, moving less even during the wet season.

Changes in the activity pattern of wild boars have been
related to seasonality (Lemel et al. 2003; Podgdrski et al.
2013). It was expected wild boars to be more active dur-
ing the dry season when they need to search for food and
water farther. However, we found the opposite result. This
may be due to the fructification of the Araucaria angus-
tifolia trees, which occur at the end of the wet season and
the beginning of the dry season (from March to May in
the studied area), providing food resources for the wild
boars. In the wet season, wild boars expand their home
range to explore abundant food items distributed in their
areas. Besides, in the study area, wild boars adjusted their
reproduction to the availability of the Araucaria fruits,
and male and females become more active at that time,
searching for mates (Gongalves 2015).

Our study area is highly relevant to the conservation
of global tropical forests and biodiversity, including one
of the most important high-altitude forest remnants in the
Atlantic domain. In our study, we observed that wild boars
change their circadian rhythm of activity between years,
possibly, but improbably, to avoid hunting pressure and in
response to seasonal changes in the environment. Thus,
it is necessary to schedule varied management strategies,
such as increasing in the trapping effort, the use of rifles
with telescopic sights (if needed with night vision) and
silencers, and the use of professional hunters to properly
control this invasive species. The implementation of con-
trol methods during the wet season could also increase the
efficiency of the control methods because wild boars are
more active and easier to be found.

Acknowledgements Authors would like to thank Fapemig and TFCA/
FUNB:io for financial support and Federal University of Sdo Jodo del-
Rei and CAPES for supporting the research and for the scholarship of
Tatiania Assis Morais and Clarissa Alves da Rosa. Authors also thank
the staff of NHPR for help during the field trips and FAPEMIG for
financial support for data collection. Authors would like to thank Dr.
Ross Thomas for English revision of the manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they do not have any con-
flict of interest.

References

Barrios-Garcia M, Ballari S (2012) Impact of wild boar (Sus scrofa) in
its introduced and native range: a review. Biol Invasions 14:2283—
2300. https://doi.org/10.1007/s10530-012-0229-6

Boughton E, Boughton R (2014) Modification by an invasive ecosys-
tem engineer shifts a wet prairie to a monotypic stand. Biol Inva-
sions 16:2105-2114. https://doi.org/10.1007/s10530-014-0650-0

Braga C, Alexandre N, Fernandez-Llario P, Santos P (2010) Wild boar
(Sus scrofa) harvesting using the espera hunting method: side
effects and management implications. Eur J Wildl Res 56:465-
469. https://doi.org/10.1007/s10344-010-0373-1

Brivio F, Grignolio S, Brogi R, Benazzi M, Bertolucci C, Apollonio
M (2017) An analysis of intrinsic and extrinsic factors affecting
the activity of a nocturnal species: the wild boar. Mamm Biol
84:73-81. https://doi.org/10.1016/j.mambio.2017.01.007

Brown J, Laundré J, Gurung M (1999) The ecology of fear: opti-
mal foraging, game theory, and trophic interactions. J. Mamm.
80:385-399. https://doi.org/10.2307/1383287

Caruso N, Valenzuela AEJ, Burdett CL, Luengos Vidal EM, Birochio
D, Casanave EB (2018) Summer habitat use and activity patterns
of wild boar Sus scrofa in rangelands of central Argentina. PLoS
One 13:0206513. https://doi.org/10.1371/journal.pone.0206513

Emmons LH (1987) Comparative feeding ecology of felids in a neo-
tropical rainforest. Behav Ecol Sociobiol 20:271-283. https://doi.
org/10.1007/BF00292180

European Bowhunting Federation (2019) Evaluation of the Dan-
ish Bowhunters Association & The Danish National Forest and
Nature Agency’s Statistics on Roe deer (Capreolus capreolus)
shot with bow and arrow in Denmark between 1 October 1999-15
January 2004. http://europeanbowhunting.org/index.php/studies/
danish-evaluation. Accessed 19 Nov 2019

Gaynor KM, Hojnowski CE, Carter NH, Brashares JS (2018) The
influence of human disturbance on wildlife nocturnality. Science
360:1232-1235. https://doi.org/10.1126/science.aar7121

Goémez H, Wallace B, Ayala G, Tejeda R (2005) Dry season activ-
ity periods of some Amazonian mammals. Stud Neotrop Fauna
Environ 40:91-95. https://doi.org/10.1080/01650520500129638

Gongalves F (2015) A invasdo do javali na Serra da Mantiqueira: aspec-
tos populacionais, uso do habitat e sua relagdo com o homem.
Master Dissertation, Federal University of Lavras, Lavras, Brazil

Goulart FVB, Céaceres NC, Graipel ME, Tortato M, Ghizoni-Jr IR,
Oliveira-Santos LG (2009) Habitat selection by large mammals
in a southern Brazilian Atlantic Forest. Mamm Biol 74:182-190.
https://doi.org/10.1016/j.mambio.2009.02.006

Harmsen BJ, Foster RJ, Silver S, Ostro L, Doncaster CP (2010) Dif-
ferential use of trails by forest mammals and the implications for
camera trap studies, a case study from Belize. Biotropica 42:126—
133. https://doi.org/10.1111/§.1744-7429.2009.00544.x

@ Springer


https://doi.org/10.1007/s10530-012-0229-6
https://doi.org/10.1007/s10530-014-0650-0
https://doi.org/10.1007/s10344-010-0373-1
https://doi.org/10.1016/j.mambio.2017.01.007
https://doi.org/10.2307/1383287
https://doi.org/10.1371/journal.pone.0206513
https://doi.org/10.1007/BF00292180
https://doi.org/10.1007/BF00292180
http://europeanbowhunting.org/index.php/studies/danish-evaluation
http://europeanbowhunting.org/index.php/studies/danish-evaluation
https://doi.org/10.1126/science.aar7121
https://doi.org/10.1080/01650520500129638
https://doi.org/10.1016/j.mambio.2009.02.006
https://doi.org/10.1111/j.1744-7429.2009.00544.x

T. de Assis Morais et al.

Hegel CGZ, Marini M (2018) Large felids as predators of wild boars in
the Atlantic forest: reconciling Verdade et al. and Rosa et al. Anim
Conserv 21:363-364. https://doi.org/10.1111/acv.12402

Ikeda T, Kuninaga N, Suzuki T, Ikushima S, Suzuki M (2019) Tourist
wild-boar interactions in urban wildlife management. Glob Ecol
Conserv 18:¢00617. https://doi.org/10.1016/j.gecco.2019.e00617

Karanth K, Nichols J (2002) Monitoring tigers and their prey: a manual
for researchers, managers and conservationists in Tropical Asia.
Centre for Wildlife Studies, Bangalore

Keuling O, Stier N, Roth M (2008) How does hunting influence activ-
ity and spatial usage in wild boar Sus scrofa L.? Eur J Wildl Res
54:729-737. https://doi.org/10.1007/s10344-008-0204-9

Koppen W (1936) Das geographisca System der Klimate. Verlag von
Gebriider Borntraeger, Germany

Lemel J, Truvé J, Soderberg B (2003) Variation in ranging and activity
behaviour of European wild boar Sus scrofa in Sweden. Wildl Biol
9:29-36. https://doi.org/10.2981/wlb.2003.061

Lowe S, Browne M, Boudjelas S, De Pooter M (2000) World’s worst
invasive alien species: a selection from the global invasive spe-
cies database. The Invasive Species Specialist Group (ISSG),
Auckland

Mapston M (2007) Feral Hogs in Texas. Agri/Life Extension, Texas,
USA

Massei G, Roy S, Bunting R (2011) Too many hogs? A review of
methods to mitigate impact by wild boar and feral hogs. Hum
Wildl Interact 5:79-99

Muggeo VMR (2008) Segmented: a R package to fit regression models
with broken-line relationships. R News 8:20-25

Ohashi H, Saito M, Horie R, Tsunoda H, Noba H, Ishii H, Kuwabara
T, Hiroshige Y, Koike S, Hoshino Y, Toda H, Kaji K (2013) Dif-
ferences in the activity pattern of the wild boar Sus scrofa related
to human disturbance. Eur J Wildl Res 59:167-177. https://doi.
org/10.1007/s10344-012-0661-z

ORIANA-Kovach Computing Services (2012) Software Oriana. Ver-
sion 4.0. Pentraeth, Wales, U.K. http://www.kovcomp.co.uk/orian
a/oribroc.html. Accessed 18 Mar 2018

Podgoérski T, Baz G, Jedrzejeweska B, Sonnichsen L, Sniezko S,
Jedrzejewski W, Okarma H (2013) Spatiotemporal behavioral
plasticity of wild boar (Sus scrofa) under contrasting conditions of
human pressure: primeval forest and metropolitan area. ] Mamm
94:109-119. https://doi.org/10.1644/12-MAMM-A-038.1

R Core Team (2019) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna

Rosa C, Curi N, Puertas F, Passamani M (2017) Alien terrestrial mam-
mals in Brazil: current status and management. Biol Invasions
19:2101-2123. https://doi.org/10.1007/s10530-017-1423-3

@ Springer

Rosa CA, Wallau MO, Pedrosa F (2018) Hunting as the main technique
used to control wild pigs in Brazil. Wildl Soc Bull 42:111-118.
https://doi.org/10.1002/wsb.851

Rosell C, Navas F, Romero S, de Dalmases I (2004) Activity patterns
and social organization of wild boar (Sus scrofa, L.) in a wetland
environment: preliminary data on the effects of shooting individu-
als. Galemys 16:157-166

Russo L, Massei G, Genov PV (1997) Daily home range and activity of
wild boar in a Mediterranean area free from hunting. Ethol Ecol
Evol 9:287-294. https://doi.org/10.1080/08927014.1997.9522888

Saito M, Momose H, Mihira T (2011) Both environmental factors
and countermeasures affect wild boar damage to rice paddies in
Boso Peninsula, Japan. Crop Protect 30:1048-1054. https://doi.
org/10.1016/j.cropro.2011.02.017

Scillitani L, Monaco A, Toso S (2010) Do intensive drive hunts affect
wild boar (Sus scrofa) spatial behaviour in Italy? Some evidences
and management implications. Eur J Wildl Res 56:307-318. https
://doi.org/10.1007/s10344-009-0314-z

Spear D, Foxcroft L, Bezuidenhout H, McGeoch M (2013) Human
population density explains alien species richness in protected
areas. Biol Conserv 159:137-147. https://doi.org/10.1016/j.bioco
n.2012.11.022

Srbek-Araujo A, Chiarello A (2007) Armadilhas fotogréaficas na
amostragem de mamiferos: consideragcdes metodolégicas e com-
paragdo de equipamentos. Rev Bras Zool 24:647-656. https://doi.
org/10.1590/S0101-81752007000300016

Srbek-Araujo A, Chiarello A (2013) Influence of camera-trap sampling
design on mammal species capture rates and community struc-
tures in southeastern Brazil. Biota Neotrop 13:51-62. https://doi.
org/10.1590/S1676-06032013000200005

Thurfjell H, Spong G, Ericsson G (2013) Effects of hunting on wild
boar Sus scrofa behaviour. Wildl Biol 19:87-93. https://doi.
org/10.2981/12-027

Thurfjell H, Ciuti S, Boyce MS (2017) Learning from mistakes of oth-
ers: how female elk (Cervus elaphus) adjust behaviour with age to
avoid hunters. PLoS One 12(6):e0178082. https://doi.org/10.1371/
journal.pone.0178082

Tolon V, Dray S, Loison A, Zeileis A, Fischer C, Baubet E (2009)
Responding to spatial and temporal variations in predation risk:
space use of a game species in a changing landscape of fear. Can
J Zool 87:1129-1137. https://doi.org/10.1139/Z09-101

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/acv.12402
https://doi.org/10.1016/j.gecco.2019.e00617
https://doi.org/10.1007/s10344-008-0204-9
https://doi.org/10.2981/wlb.2003.061
https://doi.org/10.1007/s10344-012-0661-z
https://doi.org/10.1007/s10344-012-0661-z
http://www.kovcomp.co.uk/oriana/oribroc.html
http://www.kovcomp.co.uk/oriana/oribroc.html
https://doi.org/10.1644/12-MAMM-A-038.1
https://doi.org/10.1007/s10530-017-1423-3
https://doi.org/10.1002/wsb.851
https://doi.org/10.1080/08927014.1997.9522888
https://doi.org/10.1016/j.cropro.2011.02.017
https://doi.org/10.1016/j.cropro.2011.02.017
https://doi.org/10.1007/s10344-009-0314-z
https://doi.org/10.1007/s10344-009-0314-z
https://doi.org/10.1016/j.biocon.2012.11.022
https://doi.org/10.1016/j.biocon.2012.11.022
https://doi.org/10.1590/S0101-81752007000300016
https://doi.org/10.1590/S0101-81752007000300016
https://doi.org/10.1590/S1676-06032013000200005
https://doi.org/10.1590/S1676-06032013000200005
https://doi.org/10.2981/12-027
https://doi.org/10.2981/12-027
https://doi.org/10.1371/journal.pone.0178082
https://doi.org/10.1371/journal.pone.0178082
https://doi.org/10.1139/Z09-101

	The influence of population-control methods and seasonality on the activity pattern of wild boars (Sus scrofa) in high-altitude forests
	Abstract
	Acknowledgements 
	References




