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ABSTRACT

Over the last century, the wild boar (Sus scrofa) has become an important wildlife species in both eco-
nomic and ecological terms. Considered a pest by some and a resource by others, its rapid increase in
population and distribution has raised management concerns. Studies on activity rhythms may provide
useful insights into its overall ecology and help develop effective management strategies. By examining
highly detailed activity data collected by means of accelerometers fitted on GPS-collars, we studied wild
boar daily activity rhythms and the effect of environmental conditions on their diurnal and nocturnal
activity. We thus provided evidence of the predominantly nocturnal and monophasic activity of wild
boars. All year round, we reported low activity levels during the day, which opportunistically increased
under the most favourable environmental conditions. Activity was found to be significantly affected by
such weather conditions as temperature, precipitation and air relative humidity. Moreover, we found
that nocturnal activity slightly increased as moonlight increased. Part of our analysis was focused on
the hunting period in order to investigate whether wild boars modify their activity levels in response to
hunting disturbance. Our results suggested that wild boar nocturnal habits are not directly influenced
by the current hunting disturbance, though we hypothesised that they may have evolved over several
decades of hunting harassment. Alternatively, but not exclusively, nocturnal habits may have evolved as

a low-cost strategy to achieve an optimum thermal balance (i.e., behavioural thermoregulation).
© 2017 Deutsche Gesellschaft fiir Sdugetierkunde. Published by Elsevier GmbH. All rights reserved.

Introduction

Currently, the wild boar (Sus scrofa) represents one of the ungu-
late species of major and growing management concern in Europe.
On the one hand, it is considered a pest causing severe economic
problems (e.g., Bruinderink and Hazebroek, 1996; Gortazar et al.,
2007; Labudzki and Wlazetko, 1991) and damage to human activi-
ties (Amici et al.,2011; Ballari and Barrios-Garcia, 2014; Lagos et al.,
2012). On the other hand, it is one of the most attractive and val-
ued game species (Apollonio et al., 2010). For these reasons, in the
last decades, a strong public and governmental interest in identify-
ing practical approaches that may help reduce wild boar negative
effects and improve management strategies has arisen.

An increasing consensus is emerging among ecologists that, in
order to develop an effective and biologically based management
of wildlife, it is essential to gain a detailed knowledge about popu-
lation structure, reproduction and behaviour (Caro, 1998). Inrecent
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years, a surge of research has been directed at improving knowl-
edge onwild boar populations in Europe, in the context of the recent
EUROBOAR networKk initiatives (http://euroboar.org). These stud-
ies agree that the wild boar is characterised by a great phenotypic
and behavioural plasticity (e.g., Ballari and Barrios-Garcia, 2014;
Podgorski et al., 2013), which explains its particularly high adapt-
ability. At the same time, this characteristic makes the study of
this species more complex and underscores the need to conduct
new research on a variety of ecological and behavioural topics in
different geographical ranges.

Studies on activity patterns provide useful insights into the
overall ecology of a species. Activity rhythms are important in
controlling the energy balance of animals (Aschoff, 1979), result-
ing from a simultaneous adjustment of the multiple behavioural
traits aimed to meet the energy requirements for maintenance,
growth and reproduction (Daan and Aschoff, 1982). It is now well
established that such activity rhythms are endogenously gener-
ated by biological clocks (Refinetti, 2016), endowed with special
mechanisms adapting them to the periodic challenges posed by the
environment. Activity patterns rely on endogenously fixed rhythms
which have been called “circadian” or “circannual”. Circadian and
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circannual rhythms are entrained to the 24-h day and the calendar
year by periodically changing environmental stimuli, the so-called
“Zeitgebers”, such as the daily cycle of light and darkness, food
availability, weather conditions, moonlight, predation and human-
related disturbance (Brivio et al., 2016; Daan and Aschoff, 1982;
Ohashi et al., 2013; Paul et al., 2008).

Many authors described wild boar activity patterns (e.g., Cahill
et al., 2003; Caley, 1997; Cousse et al., 1995; Keuling et al., 2008;
Massei et al., 1997; Ohashi et al., 2013; Podgérski et al., 2013; Russo
et al., 1997; Stolle et al., 2015), reporting considerable variations
in its activity rhythms and high adaptability to external factors.
Activity rhythms were reported to be monophasic, biphasic or
polyphasic (Caley, 1997; Cousse et al., 1995; Keuling et al., 2008;
Russo et al., 1997) and it was suggested that wild boars may switch
from predominantly diurnal to predominantly nocturnal activity in
response to anthropic disturbance (Keuling et al., 2008; Kurz and
Marchinton, 1972; Ohashi et al., 2013; Podgorski et al., 2013).

Many studies found that seasonality is a main factor affecting
wild boar activity (Cahill et al., 2012, 2003; Caley, 1997; Keuling
et al., 2008; Massei et al., 1997; Podgorski et al., 2013), thus sug-
gesting that weather conditions strongly influence their activity
rhythms. Weather conditions can influence animals’ activity pat-
terns either directly, i.e., through day-to-day weather changes, or
indirectly, i.e., through the seasonal effects of the climate on envi-
ronmental conditions, particularly on food availability (Olson and
Wallander, 2002; Owen-Smith, 1998; Roberts and Dunbar, 1991;
Shi et al., 2006). Thurfjell et al. (2014) used the speed of move-
ment as a proxy of the animals’ activity and showed that wild boars
reduce their activity in response to suboptimal weather conditions.
However, wild boars often showed on-site activity, which resulted
in a non-significant relationship between activity and speed of
movement (Podgorski et al., 2013). This raises the need to con-
duct direct studies on the effect of weather conditions on wild boar
activity levels.

By taking advantage of highly detailed information on wild ani-
mals’ activity levels obtained by means of GPS-collars equipped
with accelerometers, we studied wild boar circadian and circannual
activity rhythms with a chronobiological approach. We investi-
gated the effect of environmental conditions on their year-round
total activity levels and focused on diurnal and nocturnal activ-
ity, separately. Following previous studies on other ungulates as
well as on wild boar biology, we supposed that wild boar activ-
ity rhythms vary throughout the year, also in relation to human
disturbance, which may induce a reduction or a shift in their activ-
ity patterns. We also expected an increase in activity levels under
humid conditions (e.g., rainy days), because wild boars may bene-
fit from the increased efficiency of their olfactory organ and their
rooting behaviour may be facilitated. Finally, we assumed that
changes in activity rhythms may help to control their thermal bal-
ance and, therefore, we expected a reduced activity on the days
with extreme temperatures. As regards the nocturnal activity, we
also took into account the influence of moonlight. Indeed, it has
been shown that light changes during the lunar cycle can affect
rhythms in organisms. Moonlight can represent a time cue, acting
as a synchroniser for reproduction; it can change the animals’ abil-
ity to use visual cues, affecting their sensorial experience (e.g., use of
senses for communication, navigation, prey and predator location);
moreover, it can indirectly change the biotic environment by affect-
ing activity levels of predators, competitors and prey (reviewed in
Kronfeld-Schor et al., 2013). We expected wild boars to decrease
their activity levels during brighter nights, as a consequence of the
increased predation risk by the wolf, which typically improves its
hunting success during moonlit nights (Theuerkauf et al., 2003).

Hunting pressure was shown to influence wild boar activity pat-
terns to a significant extent (Keuling et al., 2008; Russo et al., 1997),
thus suggesting that nocturnal activity should increase when they

are exposed to hunting pressure. In the light of this finding, we ana-
lysed the effect of hunting disturbance on two different time scales.
On a broad scale, we analysed both diurnal and nocturnal activity,
expecting a modification of the rhythms during the hunting sea-
son. Additionally, we conducted an analysis on a finer scale, i.e., by
considering only the hunting season, and observed whether wild
boars showed different diurnal and nocturnal activity levels during
hunting and non-hunting days. We expected wild boars to reduce
their activity levels during daylight hours so as to avoid hunters
and their hounds (i.e., direct response) and to increase their noc-
turnal activity so as to compensate for the foraging opportunities
lost during the day (i.e., delayed compensatory response).

Material and methods
Study area

The study was conducted in the Apennine mountains in the
province of Arezzo (North-East of Tuscany, Italy, 43°48’N, 11°49’E).
The study area covers a surface of about 120 km?, including an
unfenced protected area of 27 km? (Oasi Alpe di Catenaia). Alti-
tude within this site ranges from 300 to 1414 m above the sea
level. Vegetation cover is mainly composed of mixed deciduous
woods (76% of the total area, dominated by oaks, Quercus spp.,
chestnut, Castaneasativa, and beech, Fagus sylvatica). Conifer woods
are also present (7% of the total area) and composed of black pine
(Pinus nigra) and Douglas fir (Pseudotsuga menziesii), while open
areas and bushes cover the rest of the area (about 17%). Climate
is temperate-continental, with hot and dry summers, and cold
and rainy winters. Monthly mean temperature ranges from 4.7 °C
in January to 21.9°C in July, while monthly precipitation levels
average between 34.2mm in June and 214.3 mm in November.
Snowfalls are occasional and usually start in October and may con-
tinue through April. Wild boar and roe deer (Capreolus capreolus)
are the most abundant ungulate species, but also red deer (Cervus
elaphus) and fallow deer (Dama dama) were observed. Wild boar
predators are red fox (Vulpes vulpes, only on piglets) and wolf (Canis
lupus), in whose diet wild boar resulted to be the main component
(Bassi et al., 2012). Outside the protected area, wild boar hunting
is performed with drive hunts usually involving tens of dogs and
25-50 hunters who harvest an average of 9.6 boars/100 ha. Hunting
is permitted on Wednesdays, Saturdays and Sundays from mid-
September to mid-January, with a relatively constant intensity (see
also Grignolio et al., 2011 for more details).

Data collection

Activity data

In the period 2013-2015, we captured a total of nine adult
wild boars (five females and four males) by using vertical drop
nets and traps baited with maize. To avoid sampling individuals
from the same social group, we marked only one adult wild boar
for each capture session. Once captured and immobilised, wild
boars were sedated with a dose of 0,5ml/10kg of Zoletil®. Each
individual was weighed, measured and aged on the basis of teeth
eruption and wear (Heck and Raschke, 1980). Finally, they were
fitted with GPS-collars (GPS PRO Light collar, Vectronic Aerospace
GmbH), equipped with a dual-axis accelerometer, which measured
the animals’ activity based on the actual acceleration experienced
by the collars. The accelerometer had a dynamic range from —2G
to +2G (G =gravitational constant) and measured activity as the
change of static acceleration (gravity) and dynamic acceleration
(collar) 4 times/second. On the X-axis the accelerometer was sensi-
tive to acceleration events with forward/backward direction, while
on the Y-axis it recorded acceleration events with a sideward and
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rotary direction. On each axis, activity was calculated as the dif-
ference between consecutive acceleration values, averaged over
a time interval of four minutes and given within a relative range
between O (no activity) and 255 (—2G/+2G: maximum activity).
Activity data were then associated with the date and time recorded
by the collar memory. The activity data recorded were downloaded
by means of Vectronic Handheld Terminal and Yagi antenna. A total
of 763,920 activity records was acquired during 2122 monitoring
days (see Supplementary material A, Table A1 for more details on
the sampling period of each individual marked). As activity values
measured on X and Y axes resulted to be highly correlated, we only
analysed X activity data.

As the wild boar is a highly social species, individuals of the same
social group may have very similar activity patterns and thus rep-
resent replicates rather than independent sample points. In order
to exclude wild boars marked from the same sounder, we visually
checked the GPS localisations recorded by the collars and ascer-
tained that individuals did not belong to the same social unit.

Weather and astronomical data

Weather data were recorded hourly in the weather station of
Poppi (Province of Arezzo, 43°44'09”N, 11°45’42"E) by the Tuscan
Hydrological Service. Data included values of minimum, mean and
maximum temperature (°C), maximum and mean solar radiation
(W/m?), minimum, mean and maximum relative humidity (%), rain
(mm) and rain intensity (mm/min). Cloud cover estimates were
downloaded from the NCEP/NCAR data set (Kalnay et al., 1996)
by using the RNCEP-package for the R software. Cloud cover data
were expressed as the percentage of sky covered by clouds and
had spatial and temporal gridded resolution of 2.5° and 6 h, respec-
tively. In our analyses, only cloud cover data recorded at 00.00 A.M.
were used. To estimate cloud cover in our study area, we used
the interpolation method “Inverse Distance Weighting” (Shepard,
1968), by means of the NCEP.interp R function. Moon phase data
were obtained from the Astronomical Applications Department
of the U.S. Naval Observatory web site (http://aa.usno.navy.mil),
expressed as the proportion of moon disk illuminated at 00.00 A.M.
The value 0 corresponded to new moon conditions and the value 1
to full moon conditions. From the same web site, we acquired the
times of sunrise and sunset (civil twilight) for each day of the study
period.

Data analyses

Actograms were drawn by using the Activity Pattern soft-
ware (ver. 1.3.1, Vectronic Aerospace GmbH, Berlin, Deutschland).
The presence of circadian periodicity in the activity rhythms was
determined by means of 2 periodogram analysis, by using the
Actogram] software for circadian analysis (version 1.0, Schmid et al.,
2011). Periodogram analyses were performed with intervals of
10days during equinoxes and solstices. Phase angle differences ({s)
between activity onset and the beginning of civil twilight at dusk
were calculated for each season (Actogram] 1.0). Positive s indi-
cated that the activity onset anticipated the onset of civil twilight.

Since the visual analysis of the actograms showed that wild
boars switched from a nocturnal to a diurnal temporal activity
niche, we implemented a specific analysis to calculate the daily
acrophase (Actogram] 1.0). In addition we determined the aver-
age acrophase for each period by using vector addition. We then
performed a Rayleigh test to determine whether the acrophases
deviated from uniform dispersion around the clock and whether
they were concentrated ata given time of the day (p <0.05). Mardia-
Watson-Wheeler test was performed to test for differences among
average acrophases of different periods (p <0.05).

For each wild boar, the raw activity data recorded by the col-
lar were scaled dividing them by the maximum value recorded by

the accelerometer (255). Thus, we obtained activity rate (AR) val-
ues on a relative scale from O to 1, where 0 meant no activity and 1
maximum activity. Then, for each wild boar, all AR values were clas-
sified as diurnal and nocturnal by considering the recording date
and time, and the relative sunrise and sunset times: the AR values
recorded between sunrise and sunset of day ; fell into the diurnal
activity subset of day ;, while those recorded between sunset of day
; and sunrise of day ;+1 fell into the nocturnal activity subset of day
;. After splitting activity data into the two subsets, Diurnal Mean
Activity (DMA) and Nocturnal Mean Activity (NMA) values were
calculated as the average of all the AR values recorded during each
day and each night, respectively. Likewise, we calculated the diur-
nal and nocturnal mean values for each meteorological parameter
(i.e., minimum, mean and maximum temperature; minimum, mean
and maximum relative humidity and rain intensity; maximum and
mean solar radiation, only for daylight hours): we assigned each
hourly value to either a day or a night according to the recording
time and then calculated the mean values for each day and each
night of the data collection period. For each date of data collection,
diurnal and nocturnal precipitation values were calculated by sum-
ming the values recorded throughout the corresponding day and
night. Finally, for each night we calculated moonlight illuminance
(hereafter moonlight) according to the formula: moon phase of day
i — (moon phase of day ; x cloud cover at midnight of day ;), with the
values closer to 0 representing darker nights and the values closer
to 1 representing brighter nights.

To assess the effect of intrinsic and extrinsic factors on wild
boar diurnal and nocturnal activity patterns, we modelled DMA
and NMA, separately, by using Generalised Additive Models (GAMSs)
with Binomial distribution. GAMs were implemented within the
mgcv package (version 1.8-10) in R (version 3.0.2; R Core Team,
2014). The following predictor variables were considered: wild
boar sex and weight (at capture), diurnal and nocturnal weather
parameters for DMA and NMA, respectively, and moonlight (for
NMA only). Moreover, in order to better define the pattern of both
DMA and NMA variations throughout the year, we included the
Julian date as a continuous variable in the models. Finally, to evalu-
ate the effect of hunting on a broad temporal scale, we included
a dummy variable, scored 1 for the days of the hunting season
and O for the other days. Wild boar identity was used as a random
factor to control for repeated measurements of the same individ-
ual, by fitting it in the GAMs by using “re” terms and smoother
linkage (Wood, 2013). Possible correlations between the predictor
variables were checked by means of a correlation matrix (Pearson
correlation coefficient, rp) to avoid collinearity (Sokal and Rohlf,
1995). Besides the obvious correlation between the mean, mini-
mum and maximum values of each meteorological parameter, we
found high correlation (rp >0.7) between temperature and radia-
tion, and between the Julian date and the hunting season. For both
DMA and NMA, we chose the best predictor out of the collinear
variables by carrying out a pre-selection through a random forest
calculation (randomForest-package of R) which ranks the impor-
tance of the parameters based on a certain number (n=500) of
randomly generated decision trees (Supplementary material B).
Based on the results of this random forest calculation, we chose
weight, sex, Julian date, maximum relative humidity, minimum
air temperature and precipitation as DMA predictor variables and
weight, sex, Julian date, maximum relative humidity, minimum air
temperature and moonlight as NMA predictor variables.

The selected predictor variables were used to build a GAM (full
model) in which the effects of all continuous variables, except for
theJulian date, were modelled as natural cubic spline functions. The
effect of the Julian date was modelled as a cyclic cubic regression
spline in order to take into account the circularity of this variable:
thus, we ensured that the value of the smoother at the far left
point (1 January) was the same as the one at the far right point
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(31 December). As precipitation may increase the effect of cold
weather (Parker, 1988) and decrease the effect of warm temper-
ature, we also included an interaction term between temperature
and precipitation. Subsequently, for both DMA and NMA, we fitted
a set of models with all the possible combinations of the variables
of the full model by testing for the relative importance of the vari-
ables by using the dredge function of the R package MuMIn (Barton,
2013). Model selection was carried out by comparing the corrected
values of Akaike’s information criterion (AICc, Richards et al., 2011).
The goodness of fit of the full and selected models (homoscedastic-
ity, normality of errors and independence) was checked by visual
inspection of residuals (Zuur et al., 2009).

Finally, in order to test whether wild boars modify their diur-
nal and nocturnal activity in response to hunting disturbance on
a finer temporal scale, we analysed DMA and NMA, separately,
from the beginning to the end of the hunting season (from mid-
September to mid-January) for each year of data collection. For
both DMA and NMA, we fitted the best model selected for the full-
year analyses and added a dummy variable scored 1 for hunting
days (Wednesday, Saturday and Sunday) and O for non-hunting
days. The effect of the Julian date was evaluated by using a con-
tinuous variable, namely the hunting date, scored from 1 (first
hunting day of September of year x) to 135 (last hunting day of
January of year x+1), in order to account for both the disconti-
nuity between January and September of the same year and the
continuity between 31 December and 1 January of the following
year.

Results

Both male and female wild boars investigated showed a marked
daily rhythmicity in activity throughout the year (Fig. 1 and
Supplementary material A, Figs. A1 -A6). The activity pattern
was unimodal and mainly nocturnal. A crepuscular activity was
reported to occur in all seasons but, interestingly, the time inter-
val between activity onset and the onset of civil dusk significantly
changed during the year (K4=116, p<0.0001; Kruskall-Wallis
One-way ANOVA), with the highest values recorded in sum-
mer (3,57 +2,14h, mean £ sd, Dunn’s Multiple Comparison Test,
p<0.001; Supplementary material C, Fig. C2). Wild boars showed
a significant anticipation of activity onset with respect to the civil
dusk in summer only. Furthermore, a twilight activity at sunrise
was reported in spring and summer (Fig. 1; Supplementary material
C, Fig. C1).

Two of the five females showed an inversion of activity pattern
and switched from nocturnal to diurnal in late spring (Supple-
mentary material C, Fig. C1 A) and in late summer (Fig. 1H). In
order to ascertain the statistical significance of this phenomenon,
for these two females we calculated the daily acrophases prior to,
during and after the inversion (Supplementary material C, Figs.
C3 and C4). Subsequently, by using a circular statistic approach,
we showed that the distribution of acrophases of both females
deviated from uniform in all periods (Supplementary material C,
Figs. C3 B-D and F-H; C4 B-E; Rayleigh test, p<0.0001). The mean
acrophases fell between 21:36 and 23:18 during nocturnal activ-
ities and between 12:36 and 17:24 during diurnal activities. The
distribution of acrophases differed significantly among periods in
both females (Mardia-Watson-Wheeler Test; #12292: W3 =50.12,
p<0.00001; W3 =26.9, p<0.0001; #12286: W, =83.9, p<0.00001).

A total of 1110days/wild boar for females and a total of
1019 days/wild boar for males were obtained during the data col-
lection period. Wild boar NMA (0.311 +£0.120) was higher than
DMA (0.063 £ 0.067).

Full-year models

According to the minimum AIC criterion, the best global model
for DMA included the Julian date, maximum humidity and the inter-
action term between minimum temperature and precipitation as
predictor variables (R-sq.=0.328). Throughout the year, a single
peak of DMA was recorded around 19th June, while minimum val-
ues were recorded around 11th March and 6th December (Fig. 2A).
Wild boar DMA had a positive relation with air maximum humidity
(Fig. 2B). The maximum activity values were reported in conditions
of low temperature and intermediate precipitation levels (about
27-43 mm/day), while the minimum values were reported in con-
ditions of high temperature and low precipitation levels (Fig. 2C).

The best model for NMA included Julian date, maximum humid-
ity, maximum temperature and moonlight as predictor variables
(R-sq.=0.292). Weight and sex were also included in the best
model, though results showed no significant difference among
individuals of different weight and sex. Analyses showed a non-
linear relationship between wild boar NMA and the Julian date,
with the lowest activity values recorded around 9th February
and 16th November and maximum values around 29th July and
27th September. An irregular pattern between the maximum and
the minimum peak was observed (Fig. 3A). The relation between
NMA and maximum humidity followed a non-linear pattern char-
acterised by a wide confidence interval, thus making this result
hardly understandable (Fig. 3B). During the night, wild boar activity
was positively related to maximum temperature (Fig. 3C). Finally,
a weak influence of moonlight was observed, with wild boars
being slightly more active when the available moonlight was more
intense (Fig. 3D).

Hunting period models

By restricting the analyses to the hunting period, we observed no
significant influence of hunting disturbance on wild boar DMA and
NMA. The effect of the other predictor variables remained similar
or was less noticeable than in the full-year models. Model predic-
tions showed a decrease in DMA from the beginning to the end of
the hunting period (Supplementary materials D, Fig. D1 A), which
corresponded to the general decrease in DMA occurring from sum-
mer to winter (Fig. 2A). We found no significant effect of maximum
humidity. The interaction term between mean temperature and
precipitation produced a pattern similar to that observed in the
full-year model, with wild boars reported to be more active with
low minimum temperature and intermediate precipitation levels
(Supplementary materials D, Fig. D1 B). A general decrease in wild
boar NMA was observed from the beginning to the end of the hunt-
ing period, with the exception of a temporary gain around 19th
December (Supplementary materials D, Fig. D2). No clear influence
was detected of moonlight, maximum humidity and maximum
temperature on NMA during the hunting period.

Discussion

Our study on wild boar activity rhythms showed that, in our
study area, these animals are nocturnal, with a marked daily rhyth-
micity in their total activity throughout the year. Unlike other
ungulate species (e.g., Aschoff, 1966; Brivio et al., 2016; Pagon
et al., 2013), the activity pattern that we found was not bimodal.
It appeared to be continuous during the whole night, with an
acrophase during the first hours of the night (between 21:36 and
23:18). A crepuscular activity was reported throughout the year,
but the onset of activity significantly anticipated the civil dusk
only in summer. Anticipation of changes in the environment allows
for appropriate changes in the physiological state of animals. Con-
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Fig. 1. Representative actograms of daily activity of A) one radio-collared male wild boar (#12283) and H) one radio-collared female wild boar (#12292) in the province of
Arezzo (Italy). Vertical bars represent their activity levels (over intervals of five minutes), the colour of the bar being a function of activity level: from white (=0) to black for
maximum values (i.e., 255). Black vertical lines indicate dawn and dusk according to civil twilight. Records are double plotted on a 48-h time scale to help the interpretation.
B-G and I-M delimit 10-day intervals of activity during different periods of the year that were separately subjected to x? periodogram analysis (plots in the right-hand
panels) to test for the presence of circadian periodicity. In each periodogram, an index of rhythmicity [Q(p)] is plotted with respect to the periods tested (from 20 to 30 h).
The sloped dotted lines represent the threshold of significance, set at p=0.05.

sequently, the anticipation of activity onsets may result in an the length of the time interval between the activity onset and the
adaptive advantage for the wild boar population in our study area onset of civil dusk may be a response to the seasonal change in light
and it is likely driven by an internal circadian timing mechanism intensity at dawn (Ensing et al., 2014; Hut et al., 2012). Through-
(Pittendrigh, 1993; Sharma, 2003). Conversely, seasonal changes in out the year, wild boar diurnal activity was low and reached the
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Fig. 2. Values predicted by the best Generalised Additive Model (see the text for
more details) of wild boar daily mean activity in the province of Arezzo (Italy). The
figure shows the effects exerted by Julian date (A), air relative humidity (B), and the
interaction term between temperature and precipitation (C). The predictions are
given according to the mean of all other covariates in the model. In the graphs A)
and B) the colour-shaded areas are the estimated standard errors. In the graph C)
the contour plot shows the variation of daily mean activity under the effect of the
interaction term between temperature and precipitation; red colour indicates the
higher values and blue colour the lower ones.

maximum levels around the summer solstice, when nights were
possibly too short for the achievement of all their energy require-
ments. A similar behavioural pattern was described for the crested
porcupines (Hystrix cristata), a nocturnal species which increased
its diurnal activity as nights gradually grew shorter, possibly to
compensate for the too little nocturnal foraging time (Corsini et al.,
1995).

NMA resulted to be about five times higher than DMA, thus
confirming the predominantly nocturnal habits of the wild boars
monitored. This result is consistent with most of the available evi-
dence in literature (Cahill et al., 2003; Caley, 1997; Keuling et al.,
2008; Russo et al., 1997; Saunders and Kay, 1991), even though pre-
vious studies were based on data recorded with indirect methods or
on amuch lower sampling rate. In popular belief as well as in old lit-
erature, wild boars are thought to be diurnal (Kurz and Marchinton,
1972; Wood and Brenneman, 1977), with a tendency to switch to a
nocturnal behavioural pattern when suffering from intense hunt-
ing pressure (Briedermann, 1971 Hennig, 1998). Our dataset was
collected in an area where wild boar culling was intensive through-
out the hunting season. Nevertheless, our results suggested that, in
our study area, the overall impact of hunting on wild boar activity
is non-significant, on both a broad and a finer temporal scale. In the
same study area, roe deer were also found to reduce their activity
levels during the hunting season (Pagon et al., 2013), but this was
not the case of the wild boars monitored. Contrary to our predic-
tions and in contrast to the findings of Ohashi et al. (2013) for a
Japanese wild boarpopulation, we did not find any increase in their
nocturnal activity during the hunting season. On a finer temporal
scale, we expected a shift in the activity from daytime to nighttime,
as predicted by the risk-disturbance hypothesis (Frid and Dill, 2002)
and as described for the Mediterranean mouflon (Ovis gmelini musi-
mon) in response to hunting disturbance (Marchand et al., 2014).
On the contrary, we did not find any immediate response by the
animals monitored in terms of a decrease in their daytime activity,
norin terms of anincrease in their nighttime activity levels possibly
expected to occur as a delayed compensatory response. Although in
our study area hunting was concentrated in four months only (from
mid September to mid January) and wild boar activity showed a
considerable variation during the annual cycle (Figs. 2A and 3A),
nocturnal activity was evident and predominant throughout the
year. We may suppose that the nocturnal habits of the popula-
tion studied are not caused by the current hunting disturbance,
but rather amount to the legacy of the hunting harassment which
this population suffered from for decades after its reintroduction
during the 1970s. The same behavioural adaptation was also sug-
gested for other ungulate species (i.e., Alces alces: Ericsson and
Wallin, 1996; Ovis orientalis musimon: Pipia et al., 2008; Rupicapra
rupicapra: Carnevali et al., 2016).

The pronounced wild boar nocturnal activity makes this species
an important case study to evaluate the effect of moonlight on
activity patterns. Contrary to our expectations, wild boars slightly
increased their activity levels during the brightest nights. In our
study area, the wild boar is the main item in the wolf diet (Bassi
etal., 2012) and this finding was recently confirmed by a study con-
ducted in the Italian Apennine (Morietal.,2017). The higher activity
levels reported during the brightest nights contradict the expected
response to wolf predation risk, which typically increases during
moonlit nights (Theuerkauf et al., 2003). Prugh and Golden (2014)
suggested that the net effect of moonlight on prey species activ-
ity levels should be determined by the relative importance of its
costs (increased vulnerability to predation) and benefits (improved
detection of food and predators). As a consequence, we should
expect the moonlight effect to be positive for prey species relying
primarily on vision to forage and to detect predators. For instance,
this is the case of some primate species (Aotus azarai: Fernandez-
Duque, 2003; Tarsius spectrum: Gursky, 2003) and of the Alpine
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chamois (Rupicapra rupicapra, Carnevalietal.,2016), which can gain
foraging benefits during bright nights by improving visual acuity.
In the wild boar, olfaction is the most developed sense, while eye-
sight is generally thought to be very poor (Morelle et al., 2015).
However, our findings, together with studies on the sensory capac-
ities of pigs (Croney et al., 2003), suggested that visual capacity
might support wild boar olfaction to some extent. Even so, unlike
the majority of nocturnal mammals, the wild boar lacks the tape-
tum lucidum, i.e., a reflective structure enhancing retinal sensitivity
under conditions of low luminosity (Acevedo et al., 2007; Ollivier
et al., 2004). Such lack supports the hypothesis, already developed
for other species (e.g., Tarsius spectrum: Gursky, 2003; Rupicapra
rupicapra: Carnevali et al., 2016), that the wild boar may have orig-
inally been a diurnal species which shifted to nocturnal activity
only at a later stage, though with no special eyesight adaptation to
darkness. For a proper interpretation of our findings, it is impor-
tant to note that we did not measure the actual illumination on
the ground, but rather estimated moonlight luminosity by means
of indirect measures (moon phase and cloud cover).

We provided evidence that brief, significant and unambiguous
phase inversions from nocturnal to diurnal activity occurred for
two females outside the hunting period (i.e., spring and summer).
As they occurred in females only and considering that in the South-
ern part of the wild boar distribution range the birth period is not
limited to few weeks (Canu et al., 2015), we conjectured that such
inversions of activity were related to reproduction. Nevertheless,
we detected this behaviour in two sows only. Interestingly, this dual
behaviour was observed in different taxa such as fish and mam-
mals (Hut et al., 2012; Reebs, 2002). Recent investigations showed

a temporal niche switching in nocturnal mice that became diurnal
to reduce energy expenditure (Vinne et al., 2014). Further studies
on larger samples are needed to improve our knowledge of this
phenotypic plasticity under natural conditions in such a large-size
homoeothermic ungulate as the wild boar, as well as to under-
stand which proximate and ultimate factors may determine this
phenomenon.

Our analysis showed that wild boars might adjust their diurnal
and nocturnal activity in response to variations of such climatic
factors as temperature, precipitation and air relative humidity.
To the best of our knowledge, this is the first detailed study on
the direct effect of weather conditions on wild boar activity lev-
els. Our results suggested that the adjustment of activity levels
may be an important behavioural means for wild boars to control
their thermal balance. During daylight hours, when air tempera-
ture typically reaches the highest values, wild boars reduced their
activity levels while temperature increased. However, the negative
effect of temperature appeared to be thwarted by precipitation,
since wild boars increased their diurnal activity on rainy days.
Indeed, they were arguably able to reduce their body temperature
by taking advantage of precipitation, as rain can enhance heat dissi-
pation. Moreover, as rain makes the ground softer, rooting activity
is strongly facilitated and this may be another factor accounting for
the increase in their activity on the rainiest days. The reduction of
activity levels inresponse to increasing air temperature is a strategy
commonly used by animals to buffer themselves against overheat-
ing. This behavioural pattern was observed in several ungulates
(e.g., Belovsky and Slade, 1986; Brivio et al., 2016; Shi et al., 2006),
likely because behavioural thermoregulation might be less energet-
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ically expensive than autonomic thermoregulation (Terrien et al.,
2011). Our findings are consistent with previous studies on wild
boar spatial behaviour which reported this species’ search for
shade, water and cool, moist forest areas under hot and dry climatic
conditions (Howe et al., 1981; Dexter 1998). Our results and the
abovementioned findings would corroborate the hypothesis that,
being physiologically constrained by their lack of any thermoreg-
ulation system (i.e., lack of sweat glands, Allwin et al., 2016), wild
boars may be particularly reliant on behavioural thermoregulation
in their response to high temperature. In this framework, we may
suppose that their nocturnal habits are a strategy to concentrate
activities during the most favourable (i.e., cooler) hours of the day.
In fact, we found that temperature had a different influence on wild
boar activity at night, i.e., when the risk of overheating was reduced.
Wild boars were more active as night temperature increased. This
is likely due to the fact that in our study area air temperature never
exceeded 20°C at night.

Finally, our results also showed that diurnal activity increased
with rising air relative humidity. Under humid conditions, wild
boars may benefit from the increased efficiency of their olfactory
organ (Lemel et al., 2003), which they use to find food as well
as for orientation, social interactions and detection of predators
(Morelle et al., 2015). Humidity facilitates the rooting behaviour
typical of wild boars, which turn over the soil to search for bulbs,
invertebrates and even small mammals while foraging (Bueno
et al,, 2009). The effect of air relative humidity was not evident
on nocturnal activity, likely because air relative humidity was gen-
erally high at night during the data collection period (mean = std
err=91.92 4+ 0.23%).

Conclusions

In conclusion, by focusing on highly detailed data on activ-
ity levels we provided evidence of the predominantly nocturnal
and monophasic activity of wild boars in a forest area with a
temperate-continental climate. During daylight hours, the wild
boars monitored had a reduced activity all year round, while diur-
nal activity opportunistically increased under the most favourable
environmental conditions (i.e., low temperature and high humid-
ity). In this respect, our findings confirmed the broad plasticity of
this species, one which manages to adopt miscellaneous strategies
to best exploit all the available resources. Hunting did not seem to
directly influence the nocturnal habits of the population studied,
though we hypothesised that wild boars may have evolved it over
several decades of hunting harassment. Another hypothesis, one
which does not exclude the previous one, is that nocturnal activity
in the Southern regions may have evolved as a strategy to achieve
an optimum thermal balance with low energy expenditures (i.e.,
behavioural thermoregulation). Studies on wild boar populations in
different regions, where levels of human disturbance and climatic
conditions are different, may be a helpful contribution to disentan-
gle these hypotheses and fully understand the drivers associated
with the evolution of wild boar activity rhythms.

Acknowledgements

We would like to thank A. Bobba for his effort in field activities.
We are indebted to E. Bottero, S. Luccarini, E. Donaggio and many
other hunters from the local wild boar hunting teams, the Unione
Regionale Cacciatori dell’Appennino association, students, and vol-
unteers for their assistance in capturing and monitoring wild boars.
We wish to thank the Provincial Administration of Arezzo for logis-
tic and financial support. Finally, we are grateful to the “Servizio
Idrologico Regionale” of the Tuscany Region for providing meteo-
rological data. This project was supported by the Italian Ministry

of Education, University and Research (PRIN 2010-2011, 20108
TZKHC, J81J12000790001). SG had the support of the fund “P.O.R.
F.S.E.2007-2013 - Obiettivo competitivitaregionale e occupazione.
Asse IV Capitale umano- Linea di attivitai.3.1”. CB is supported by
the University of Ferrara research grant (FAR2014 and FAR2016).
The English version was edited by C. Polli and A. Binelli.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.mambio.2017.01.
007.

References

Acevedo, P., Vicente, ]., Hofle, U., Cassinello, J., Ruiz-Fons, F., Gortazar, C., 2007.
Estimation of European wild boar relative abundance and aggregation: a novel
method in epidemiological risk assessment. Epidemiol. Amplif. Infect. 135,
519-527.

Allwin, B., Swaminathan, R., Mohanraj, A., Suhas, G.N., Vedaminckam, S., Gopal, S.,
Kumar, M., 2016. The wild pig (Sus scrofa) behavior - a retrospective study. J.
Vet. Sci. Technol. 7, 333-333.

Amici, A, Serrani, F., Rossi, C.M., Primi, R., 2011. Increase in crop damage caused by
wild boar (Sus scrofa L.): the refuge effect. Agron. Sustain. Dev. 32, 683-692.

Apollonio, M., Andersen, R., Putman, R., 2010. European Ungulates and Their
Management in the 21st Century. Cambridge University Press, Cambridge, UK.

Aschoff, J., 1966. Circadian activity pattern with two peaks. Ecology 47, 657-662.

Aschoff, J., 1979. Circadian rhythms: influences of internal and external factors on
the period measured in constant conditions. Z. Tierpsychol. 49, 225-249.

Ballari, S.A., Barrios-Garcia, M.N., 2014. A review of wild boar Sus scrofa diet and
factors affecting food selection in native and introduced ranges. Mamm.Rev.
44, 124-134.

Barton, K., 2013. Package MuMIn: Multi-Model Inference for R. R Package Version
195, 45-45.

Bassi, E., Donaggio, E., Marcon, A., Scandura, M., Apollonio, M., 2012. Trophic niche
overlap and wild ungulate consumption by red fox and wolf in a mountain
area in Italy. Mamm. Biol. - Z. Fiir Sdugetierkd. 77, 369-376.

Belovsky, G.E., Slade, ].B., 1986. Time budgets of grassland herbivores: body size
similarities. Oecologia 70, 53-62.

Briedermann, L., 1971. Ermittlungen zur Aktivitatsperiodik des Mitteleuropdischen
Wildschweins (Sus s. scrofa L.). Zool Gart. 40, 302-327.

Brivio, F., Bertolucci, C., Tettamanti, F., Filli, F., Apollonio, M., Grignolio, S., 2016.
The weather dictates the rhythms: alpine chamois activity is well adapted to
ecological conditions. Behav. Ecol. Sociobiol. 70, 1291-1304.

Bruinderink, G.W.T.A.G., Hazebroek, E., 1996. Wild boar (Sus scrofa scrofa L.)
rooting and forest regeneration on podzolic soils in the Netherlands. For. Ecol.
Manag. 88, 71-80.

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

Cahill, S., Llimona, F., Gracia, J., 2003. Spacing and nocturnal activity of wild boar
Sus scrofa in a mediterranean metropolitan park. Wildl. Biol. 9 (Suppl. 1).

Cahill, S., Llimona, F., Cabafieros, L., Calomardo, F., 2012. Characteristics of wild
boar (Sus scrofa) habituation to urban areas in the Collserola Natural Park
(Barcelona) and comparison with other locations. Anim. Biodivers. Conserv. 35,
221-233.

Caley, P., 1997. Movements, activity patterns and habitat use of feral pigs (Sus
scrofa) in a Tropical Habitat. Wildl. Res. 24, 77-87.

Canu, A, Scandura, M., Merli, E., Chirichella, R., Bottero, E., Chianucci, F., Cutini, A.,
Apollonio, M., 2015. Reproductive phenology and conception synchrony in a
natural wild boar population. Hystrix Ital. . Mammal. 26, 77-84.

Carnevali, L., Lovari, S., Monaco, A., Mori, E., 2016. Nocturnal activity of a diurnal
species, the northern chamois, in a predator-free alpine area. Behav. Processes
126, 101-107.

Caro, T., 1998. Behavioral Ecology and Conservation Biology. Oxford University
Press, USA.

Core Team, R., 2014. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Corsini, M.T., Lovari, S., Sonnino, S., 1995. Temporal activity patterns of crested
porcupines Hystrix cristata. J. Zool. (Lond.) 236, 43-54.

Cousse, S., Janeau, G., Spitz, F., Cargnelutti, B., 1995. Temporal ontogeny in the wild
boar (Sus scrofa L.): a systemic point of view. Ibex J. Mt. Ecol. 3, 122-125.

Croney, C.C., Adams, K.M., Washington, C.G., Stricklin, W.R., 2003. A note on visual,
olfactory and spatial cue use in foraging behavior of pigs: indirectly assessing
cognitive abilities. Appl. Anim. Behav. Sci. 83, 303-308.

Daan, S., Aschoff, J., 1982. Circadian contributions to survival. In: Aschoff, J., Daan,
S., Groos, G.A. (Eds.), Vertebrate Circadian Systems. Springer, pp. 305-321.
Dexter, N., 1998. The influence of pasture distribution and temperature on habitat
selection by feral pigs in a semi-arid environment. Wildl. Res. 25, 547-559.

Ensing, E.P., Ciuti, S., de Wijs, F.A.L.M,, Lentferink, D.H., ten Hoedt, A., Boyce, M.S.,
Hut, R.A., 2014. GPS based daily activity patterns in european red deer and



F. Brivio et al. / Mammalian Biology 84 (2017) 73-81 81

North American elk (Cervus elaphus): indication for a weak circadian clock in
ungulates. PLoS One 9, e106997.

Ericsson, G., Wallin, K., 1996. The impact of hunting on moose movements. Alces
32, 31-40.

Fernandez-Duque, E., 2003. Influences of moonlight, ambient temperature, and
food availability on the diurnal and nocturnal activity of owl monkeys (Aotus
azarai). Behav. Ecol. Sociobiol. 54, 431-440.

Frid, A., Dill, L., 2002. Human-caused disturbance stimuli as a form of predation
risk. Conserv. Ecol. 6, art. 11.

Gortazar, C,, Ferroglio, E., Hofle, U., Frélich, K., Vicente, J., 2007. Diseases shared
between wildlife and livestock: a European perspective. Eur. J. Wildl. Res. 53,
241-256.

Grignolio, S., Merli, E., Bongi, P., Ciuti, S., Apollonio, M., 2011. Effects of hunting
with hounds on a non-target species living on the edge of a protected area.
Biol. Conserv. 144, 641-649.

Gursky, S., 2003. Lunar philia in a nocturnal primate. Int. J. Primatol. 24, 351-367.

Heck, L., Raschke, G., 1980. Die Wildsauen. Paul Parey Verlag, Hamburg und Berlin,
216 pp.

Hennig, R., 1998. Schwarzwild, BLV Verlagsgesellschaft mbH. ed. Aufl., Miinchen.

Howe, T.D., Singer, F.J., Ackerman, B.B., 1981. Forage relationships of European wild
boar invading northern Hardwood forest. J. Wildl. Manag. 45, 748-754.

Hut, R.A., Kronfeld-Schor, N., van der Vinne, V., De la Iglesia, H., 2012. In search of a
temporal niche: environmental factors. Prog. Brain Res. 199, 281-304.

Kalnay, E., et al., 1996. The NCEP/NCAR 40-year reanalysis project. Bull. Am.
Meteorol. Soc. 77, 437-471.

Keuling, 0., Stier, N., Roth, M., 2008. How does hunting influence activity and
spatial usage in wild boar Sus scrofa L.? Eur. ]. Wildl. Res. 54, 729-737.

Kronfeld-Schor, N., Dominoni, D., de la Iglesia, H., Levy, O., Herzog, E.D., Dayan, T.,
Helfrich-Forster, C., 2013. Chronobiology by moonlight. Proc. Biol. Sci. 280,
20123088.

Kurz, J.C., Marchinton, R.L.,, 1972. Radiotelemetry studies of feral hogs in South
Carolina. J. Wildl. Manag. 36, 1240-1248.

Labudzki, L., Wlazetko, M., 1991. Saisonale dynamik der vom schwarzwild im
feldanbau verursachten schiaden im forschungsgebiet zielonka. Z. Fiir Jagdwiss.
37,250-257.

Lagos, L., Picos, J., Valero, E., 2012. Temporal pattern of wild ungulate-related
traffic accidents in northwest Spain. Eur. J. Wildl. Res. 58, 661-668.

Lemel, J., Truve, ]., Soderberg, B., 2003. Variation in ranging and activity behaviour
of European wild boar Sus scrofa in Sweden. Wildl. Biol. 9, 29-36.

Marchand, P., Garel, M., Bourgoin, G., Dubray, D., Maillard, D., Loison, A., 2014.
Impacts of tourism and hunting on a large herbivore’s spatio-temporal
behavior in and around a French protected area. Biol. Conserv. 177, 1-11.

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

Morelle, K., Podgoérski, T., Prévot, C., Keuling, O., Lehaire, F., Lejeune, P., 2015.
Towards understanding wild boar Sus scrofa movement: a synthetic movement
ecology approach. Mamm. Rev. 45, 15-29.

Mori, E., Benatti, L., Lovari, S., Ferretti, F., 2017. What does the wild boar mean to
the wolf? Eur. ]. Wildl. Res, http://dx.doi.org/10.1007/s10344-016-1060-7 (in
press).

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. Differences in the
activity pattern of the wild boar Sus scrofa related to human disturbance. Eur. J.
Wildl. Res. 59, 167-177.

Ollivier, FJ., Samuelson, D.A., Brooks, D.E., Lewis, P.A., Kallberg, M.E., Komaromy,
A.M,, 2004. Comparative morphology of the tapetum lucidum (among selected
species). Vet. Ophthalmol. 7, 11-22.

Olson, B.E., Wallander, R.T., 2002. Influence of winter weather and shelter on
activity patterns of beef cows. Can. J. Anim. Sci. 82, 491-501.

Owen-Smith, N., 1998. How high ambient temperature affects the daily activity
and foraging time of a subtropical ungulate, the greater kudu (Tragelaphus
strepsiceros). J. Zool. 246, 183-192.

Pagon, N., Grignolio, S., Pipia, A., Bongi, P., Bertolucci, C., Apollonio, M., 2013.
Seasonal variation of activity patterns in roe deer in a temperate forested area.
Chronobiol. Int. 30, 772-785.

Parker, K.L., 1988. Effects of heat, cold, and rain on coastal black-tailed deer. Can. J.
Zool. 66, 2475-2483.

Paul, M.J., Zucker, 1., Schwartz, WJJ., 2008. Tracking the seasons: the internal
calendars of vertebrates. Philos. Trans. R. Soc. Lond. B 363, 341-361.

Pipia, A., Ciuti, S., Grignolio, S., Luchetti, S., Madau, R., Apollonio, M., 2008. Influence
of sex, season, temperature and reproductive status on daily activity patterns
in Sardinian mouflon (Ovis orientalis musimon). Behaviour 145, 1723-1745.

Pittendrigh, C.S., 1993. Temporal organization: reflections of a Darwinian
clock-watcher. Annu. Rev. Physiol. 55, 16-54.

Podgérski, T., Bas, G., Jedrzejewska, 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. J. Mammal. 94, 109-119.

Prugh, LR, Golden, C.D., 2014. Does moonlight increase predation risk?
Meta-analysis reveals divergent responses of nocturnal mammals to lunar
cycles. J. Anim. Ecol. 83, 504-514.

Reebs, S.G., 2002. Plasticity of diel and circadian activity rhythms in fishes. Rev.
Fish Biol. Fish. 12, 349-371.

Refinetti, P., 2016. Circadian Physiology, third edition. CRC Press.

Richards, S., Whittingham, M., Stephens, P., 2011. Model selection and model
averaging in behavioural ecology: the utility of the IT-AIC framework. Behav.
Ecol. Sociobiol. 65, 77-89.

Roberts, S.C., Dunbar, R.I.M., 1991. Climatic influences on the behavioral ecology of
Chanler Mountain Reedbuck in Kenya. Aft. J. Ecol. 29, 316-329.

Russo, L., Massei, G., Genov, P.V., 1997. Daily home range and activity of wild boar
in a mediterranean area free from hunting. Ethol. Ecol. Evol. 9, 287-294.

Saunders, G., Kay, B., 1991. Movements of feral pigs (Sus scrofa) at sunny corner,
New South Wales. Wildl. Res. 18, 49-61.

Schmid, B., Helfrich-Forster, C., Yoshii, T., 2011. A new Image] plug-in Actogram]
for chronobiological analyses. J. Biol. Rhythms 26, 464-467.

Sharma, V.K., 2003. Adaptive significance of circadian clocks. Chronobiol. Int. 20,
901-919.

Shepard, D., 1968. A two-dimensional interpolation function for irregularly-spaced
data. In: Proceedings of the 1968 23rd ACM National Conference, ACM '68,
ACM, New York, USA.

Shi, J., Dunbar, R.I.M,, Li, D., Xiao, W., 2006. Influence of climate and daylength on
the activity budgets of feral goats (Capra hircus) on the isle of Rum, Scotland.
Zool. Res. 27, 561-568.

Sokal, R.R., Rohlf, F.J., 1995. Biometry: the Principles and Practice of Statistics in
Biological Research. W.H Freeman and Company, New York.

Stolle, K., Beest, F.M., van Wal, E.V., Brook, R.K., 2015. Diurnal and nocturnal
activity patterns of invasive wild Boar (Sus scrofa) in Saskatchewan, Canada.
Can. Field-Nat. 129, 76-79.

Terrien, J., Perret, M., Aujard, F., 2011. Behavioral thermoregulation in mammals: a
review. Front. Biosci. Landmark Ed. 16, 1428-1444.

Theuerkauf, J., Jedrzejewski, W., Schmidt, K., Okarma, H., Ruczyfiski, I, Sniezko, S.,
Gula, R, 2003. Daily patterns and duration of wolf activity in the Biatowieza
forest, Poland. J. Mammal. 84, 243-253.

Thurfjell, H., Spong, G., Ericsson, G., 2014. Effects of weather, season, and daylight
on female wild boar movement. Acta Theriol. 59, 467-472.

van der Vinne, V., Riede, S.J., Gorter, J.A., Eijer, W.G,, Sellix, M.T., Menaker, M., Daan,
S., Pilorz, V., Hut, R.A,, 2014. Cold and hunger induce diurnality in a nocturnal
mammal. Proc. Natl. Acad. Sci. 111, 15256-15260.

Wood, G., Brenneman, R., 1977. Research and management of feral hogs on
Hobcaw Barony. In: Wood, G. (Ed.), Research and Management of Wild Hog
Populations. Belle Baruch Forest Science Institute of Clemson University,
Georgetown, South Carolina, pp. 23-35.

Wood, S.N., 2013. A Simple Test for Random Effects in Regression Models.
Biometrika, ast038.

Zuur, AF,, Ieno, E.N., Walker, N., Saveliev, A.A., Smith, G.M., 2009. Mixed effects
models and extensions in ecology with R. Stat. Biol. Health.





